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Thesis abstract

Aims: This thesis aimed to address important gaps in the scientific literature regarding te afermath of raumatic
childbirth on maternal, partner, and infant health outcomes, by 1. testing the eflects of an early maternal behavioural
intervention (visuospatal task procedure) on family health outcomes, via a randomised controlled frial protocol
(Study 1); 2. validatng the Lausanne Infant Crying Stress Paradigm (LICSP) as a standardised stress paradigm
within a maternity context and comparing psychophysiological stress responses of mothers at low vs. high risk of
childbirth-related posttraumatic stress disorder (CB-PTSD), via an experimental cross-secfional study (Study 2);
and 3. studying associations between maternal mental health symptoms (i.e., postparium depression, anxiety, and
CB-PTSD) and infant sleep (i.e., night waking and nocturnal sleep duration), via an online cross-sectional study
(Study 3). Methods: For Study 1, the primary outcome (i.e., maternal CB-PTSD symptoms at 6 weeks postpartum)
will be compared within experimental and atiention-placebo control partcipants (n = 144) following an emergency
caesarean section. Secondary and other outcomes consist of other maternal and parter psychological and
physiological outcomes, parentinfant interaction, and infant developmental and physiological outcomes. For Study
2, we examined the time and group efiects on psychophysiological stress reactivity (i.e., salivary cortisol, heart rate
variability, and perceived stress) of mothers at low vs. high risk of CB-PTSD (n = 52) in response to the LICSP.
The low-risk participants were not raumatised afier birth whereas the high-risk mothers were traumatised after
birth, based on two screening questions assessing the maternal perceived life threat for herself and/or te infant.
Study 3 collected maternal mental health and infant sleep data in French-speaking mothers of 3-to-12-month-olds
(n=410), and mediaton and moderation eflects were tested. All study outcomes were measured via standardis ed
selfreport questionnaires, clinical interviews, physiological measures, or behavioural testng. Results: Data
collection of Study 1 is still ongoing. Study 2 validated the LICSP (ime effect) and mothers at CB-PTSD risk showed
altered psychophysiological stress responses compared to low-risk mothers, when taking into account the infant
perceived life threat during childbirth (group effect). Study 3 found negative associations between maternal mental
health symptoms and infant nocturnal sleep duration. Only postpartum depression and anxiety sympioms were
associated with infant night waking. Among the tree data-driven extracted maternal mental health symptom
profles (i.e., the depressive, anxious, and birth trauma profiles), only the associations between the depressive or
anxious profles and infant sleep were mediated by maternal perception of infant temperament at some particular
infant ages and maternal educational levels (moderator efiects). The method to fall asleep did not mediate the
maternal mental health symptom profiles to infant sleep associations. Clinical implications: If results of Study 1
are conclusive, current clinical guidelines for fraumatsed mothers will change. Results of Study 2 form the first
steps in identfying mothers susceptible to develop CB-PTSD with their early stress responses, leading to important
clinical implicatons for early screening of mothers who need professional support Study 3's findings show the
relevance of considering maternal symptomatology and infant perception when infant sleep problems are reported.
This thesis therefore supports the importance of considering mothers, partners, and their infants as interconnected
components of a system. Future research should extend the focus of maternal mental health o the family context
(i.e., both parents and their infant).



Résuméde la thése

Objectifs: Cete thése visait & combler certaines lacunes de la littrature concernant les conséquences de
l'accouchement raumatique sur la santé des méres, des partenaires, et des bébés, 1. en testant les efiets d'une
intervention comportementale précoce (procédure de thiche visuospatiale) destinée aux méres, surla santé de la
famille par le biais d’un protocole d’essai randomisé contrélé (étude 1) ; 2. en validant le Lausanne Infant Crying
Stress Paradigm (LICSP) comme paradigme de stress standardisé pour le postpartum précoce, et en comparant
laréactivité psychophysiologique au stress des meres a faible vs. haut risque de rouble du stress posttraumatique
lié a 'accouchement (TSPT-A) parle biais d'une étude tfransversale expérimentale (étude 2) ; et 3. en étudiant les
relaions entre les symptdmes maternels de santé mentale (dépression du postpartum, anxiété et TSPT-A) etle
sommeil du bébé (réveils nocturnes et durée du sommeil nocturne) par le biais d'une étude transversale en ligne
(étude 3). Méthodes: Pour I'¢tude 1, les symptdmes du TSPT-A (résultat principal) du groupe expérimental seront
comparés a ceux du groupe contrdle six semaines aprés une césarienne en urgence (n = 144). Les résuliats
secondaires incluent d'autres indicateurs parentaux psychologiques et physiologiques, l'interaction parent-bébé, le
développement de I'enfant ainsi que certains de ses indicateurs physiologiques. L'étude 2 a examiné les effets du
temps et du groupe sur la réactivitt psychophysiologique de méres a faible vs. haut risque de TSPT-A (n=52) en
réponse au LICSP. Les méres a faible risque n’étaient pas raumatisées par leur accouchement tandis que les
meres a haut risque I'étaient, le risque ayant été calculé selon leur réponse adeux questions de dépistage évaluant
la menace de mort pergue par la mére pour elle-méme etlou le bébé durant 'accouchement L'étude 3 a recueilli
des informations sur la santt mentale de 410 méres et le sommeil de leur bébé, agé-e de 3 a 12 mois, et a testé
des efiets modérateurs et médiateurs. Résultats: L'étude 1 est toujours en cours. L'élude 2 a validé le LICSP (effet

du temps) et a montré que les réponses de stress psychophysiologiques des méres a risque de TSPT-A étaient
alttrées comparées aux meéres a faible risque, lorsque la menace de mort pergue pour le bébé pendant
laccouchement éfait contrdlée (efiet du groupe). L'étude 3 a observé des associations entre les symptdmes de
santé mentale maternelle et le sommeil du bébé, sauf pour le TSPT-A etla durée du sommeilnocturne. Trois profils
de symptdmes de santt mentale de la mére ont émergé des données (les profils dépressif, anxieux et lié aux
traumatismes de la naissance). La percepton maternelle du tempérament du bébé a seulement agi comme
médiateur de la relaton du profl dépressif ou anxieux sur le sommeil du bébé, dépendamment de I'dge du bébé
ou de l'éducation de la mere (eflets modérateurs). La méthode d'endormissement n'a pas médié la relaton entre
les profls de symptdmes maternels et le sommeil du bébé. Implications cliniques : Siles résultats de l'étude 1
sont concluants, les directives cliniques pour la prise en charge des méres traumatisées changeront L'éude 2
fournit des premiers éléments de réponse pour identfier, a terme, les méres a risque de développer un TSPT-A
gréce a leur réactivitt physiologique afin de leur proposer précocement un soutien professionnel adéquat L’éude
3 souligne limportance de considérer la symptomatologie maternelle et la perception maternelle du bébé lorsque
des problemes de sommeil du bébé sont rapportés. Les meres, les partenaires, et leur enfant sont des composants
interconnectés d'un systeme familial, et les recherches futures devraient étendre l'intérét porté a la santt mentale
maternelle au contexte familial (c.-a-d. les deux parents et leur enfant).
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1. Introduction
1.1. Traumatic childbirth

Evidence suggests that parental expectations are not necessarily and wholly met during childbirth (1, 2). During
labour and delivery, parents may experience negative emotions, such as fear, frustration, helplessness, or terror
(1, 3, 4). As a result, about one-third of mothers appraises their childbirth as traumatic in populatons with and
without medical complications (2, 5, 6). Furthermore, 60% of fathers' experience the childbirth as distressing (4).

According to the posttraumatic stress disorder (PTSD) criterion A ofthe Diagnostc and Staistical Manual of Mental
Disorders 5th edion (DSM-5), a traumatic event corresponds to a direct or indirect “exposure to actual or
threatened death, ... [or] serious injury” (p. 271, 7). Given that it can involve a threat o the life or the physical
integrity of the mother and/or her infant, childbirth can fulfl the PTSD criteria A of the DSM-5(7). Whether childbirth
is perceived as fraumatc firsty depends on the parental subjective appraisal of the event (8-10). Both scientific
evidence and clinical observations argue that an objectively standard childbirth, as described by maternity
healthcare professionals, may subjectively be perceived as fraumatic by parents (3, 9, 11). Following taumatic
childbirth, both parents can develop mental health dificultes, suchas symptoms of childbirth-related PTSD (CB-
PTSD) (9, 12-16).

1.2. Consequences of traumatic childbirth on parental mental health outcomes

1.2.1. Childbirth-related post-traumatic stress disorder

PTSDis a mental health disorder that develops after a raumatc stress exposure (i.e., PTSD criterion A). Symptoms
are categorised into four DSM-5 clusters (7) :

1. Intrusions (PTSD criterion B, one symptom required), i.e., involuntarily traumatc intrusive memories
specific o the event such as flashbacks or nightmares of the corridor lights leading to the operating
theatre;

2. Avoidance of trauma-related cues (PTSD criterion C, one symptom required), i.e., persistent avoidance of
stmuli associated with the frauma, such as avoidance of the hospital or avoidance of talk of the birth;

3. Negative cognitions and mood (PTSD criterion D, wo symptoms required), i.e., negative alterations in
cogniions and mood, such as anhedonia, low mood, or self-blaming;

4. Hyperarousal (criterion E, wo symptoms required), i.e., marked alterations in arousal and reactvity, such
as increased stare response, excessive hypervigilance towards the infant, or angry outbursts.

PTSD can be diagnosed one month following the fraumatic stress exposure (PTSD criterion F, 7), even if an acute
post-raumatic stress response can be observed in the meantme (15, 17). Furthermore, a significant distress or

impairment of functioning mustbe present in everyday life (PTSD criterion G, 7). In addifion, dissociafve symptoms

1n this thesis, the term partner refers to the male or female co-parent When studies reported in this thesis included only
male partners, the term father is used.



may sometmes be experienced, e.g., derealisation and depersonalisation (7). According to the DSM-5, CB-PTSD
is not a specific diagnosis (7), although it has recenty been proposed as a new subtype of PTSD (18). Clinical
characteristics of CB-PTSDand PTSD are slighty diflerent, with a recent study concluding that mothers with CB-
PTSD showed more intrusions symptoms than mothers with PTSD related to other stressors (19). Psychometrics
studies investigating the latent structure of CB-PTSDidentified o symptom clusters: birth-related symptoms (e.g.,
flashbacks, avoidance) and general symptoms (e.g., low mood, anhedonia, i.e., loss of pleasure or interest)) (20-
25). Specific common postpartum factors, such as fatigue or hypervigilance towards the infant may overestmate
CB-PTSD symptomatology (20).

Parents can also sufier from clinically significant CB-PTSD symptoms at a non-diagnostc level (26-29).
Subthreshold symptomatology can have deleterious effects on their functioning, which can be intensified with
infrusions symptoms (27). In community samples, 3-4% of women meet CB-PTSD diagnostic criteria (30, 31). In
high-risk samples, CB-PTSD prevalence rates even increase up to 16-19%, e.g., afler an emergency caesarean
section (ECS), which has been reported as one of the mosttraumatic delivery modes (30, 31).

A diathesis-stress model has been proposed for the aetiology of CB-PTSD (5, 32). According to this model, CB-
PTSD development is the result of the interplay between vulnerability factors in pregnancy (e.g., antenatal
depression, tokophobia), risk factors during birth (e.g., birth experience, operative birth), and postatal factors (e.g.,
depression and other comorbid symptoms) (5, 32). Moreover, evidence suggests that mothers with CB-PTSD do

not systematically recover spontaneously (33-36).

Fathers’ presence during labour and delivery has significany increased during the last couple of decades (37).
Consequenty, they are increasingly atrisk of developing CB-PTSD symptoms (4, 38). Todate, researchon paternal
CB-PTSDis scarce (13). So far, only a few studies have reported CB-PTSD prevalence rates varying between 0-
7% within community samples during the frst year postpartum (13, 14, 16, 29, 39, 40). Following the infant's
hospitalisation in a neonatal intensive care unit, CB-PTSD prevalence rates from 1%-67% were reported in fathers
(29, 41-49). The aforementioned studies difier by their sample size, their population characteristcs, as well as their
CB-PTSD assessmenttools and ime points. In addion, to the best of my knowledge, CB-PTSD has only been

examined in fathers, and no research has reported prevalence rate in parters.

In conclusion, parters, by winessing childbirth, can also develop CB-PTSD symptoms. To date, research mosty
assessed paternal CB-PTSD in cross-secfional studies with self-reported questionnaires. Longitudinal studies
assessing parner CB-PTSD symptoms via clinical interviews, such as the Clinician-Administered PTSD Scale for
DSM-5(CAPS-5), would increase our understanding of the impact of a raumatic childbirth experience on partner
health outcomes (50). Also, researchinvestigating the course of pariner CB-PTSD and ifs risk and protecive factors
is required (51). Thus, research on partner mental health following a traumatic childbirth experience is imely and
should be further pursued (13, 51, 52).



1.2.1. Comorbidity of childbirth-related posttraumatc stress disorder

In the postpartum period, the co-occurrence of CB-PTSD, postpartum depression, and/or anxiety symptomology is
the rule rather than an exception (7, 10, 53-56). Depression symptoms consist of experiencing for more than one
month some of the following symptoms: depressed mood, anhedonia, fluctuation in weight, appefite disturbance,
concentration dificulties, sleep disturbance, fatigue, agitaion, guilt and suicidal thoughts (7). Thirteen percent of
mothers are afiected by postpartum depression within the year following childbirth (57, 58). Animportant overlap
of CB-PTSDand posfpartum depression has been described in mothers, with research reporting that 5% to 90%

of women suffering from CB-PTSD also experience depression during the year following childbirth (10, 35, 54, 59-
62).

According to a meta-analysis, 10% of fathers experience depression during the perinatal period (i.e., the tme from
conception up to 1 year afler childbirth) (63). The most criical period appears to be between 3 to 6 months
postpartum, with a prevalence rate of 26% (63). Depression symptoms in mothers and fathers were shown to be
concurrently and prospectively associated in the postpartum period, with weak strengths of association (r=0.19 to
r=10.28) (64). This supports the World Health Organization's call to involve fathers in perinatal health services to
improve maternal and child health outcomes (65).

Less research has been conducted on the co-occurrence of CB-PTSD and anxiely (56). Perinatal research either
investigated anxiety symptomatology or anxiety disorders (40, 66, 67). Symptoms of anxiely involve constant
worries, fension, avoidance, obsessions, as well as physical changes, whereas anxiety disorders include for
instance panic disorder, generalized anxiety disorder, obsessive-compulsive disorder, and phobias (7, 66).
According to a systematic review and meta-analysis, up o 15% of mothers experience clinically significant anxiety
symptoms during te first 6 months following childbirth (67). Moreover, 9% o 10% of mothers sufler from at least
one anxiety disorder in the postpartum period (66, 67). Regarding paternal prevalence, wider ranges were
observed, with rates ranging from 2% to 31% for clinically significant anxiety levels over the year following childbirth
(40, 68). As for anxiety disorder prevalence, up to 12% of fathers experience an anxiety disorder in the postpartum
period (40).

Recently, a longitudinal study reported that 7% of women at 4-6 weeks postpartum and 5% at 6 months postpartum
experienced both CB-PTSD and anxiety (54). Moreover, 2% to 3% of mothers had co-existing CB-PTSD,
postpartum depression, and anxiety symptoms, according to a systematic review (56). The question arises as to
the existence of mechanisms shared by these postpartum-specific comorbidites. A recent study revealed that
symptoms of both CB-PTSD and posfparum depression, when excluding their overlapping symptoms (i.e.,
anhedonia, sleep disturbance, and concentration dificulties), loaded onto a one-factor model explaining 68% of the
fotal variance (10). The authors therefore recommended distinguishing the condiion of coexising CB-PTSD and
posipartum depression from CB-PTSD or depression alone, since different risk factors were involved in these
conditons (10).



Whether coexistng CB-PTSD and postpartum depression represent a childbirth-related phenotype or an artefact
of overlapping symptoms is therefore not clear, even though it has crifical treatment implications (69). Indeed, in
the case of a childbirth-related phenotype, an evidence-based treatment for PTSD should be efiecive o freat
mothers with symptoms of both CB-PTSD and postpartum depression, whereas with the hypothesis of an overlap
of symptoms, difierent therapeutic approaches would be required (69). How maternal mental health symptoms after
traumatic childbirth occur and interact is therefore sfill to be investigated. This area of research is even less studied
in partners and therefore also should be explored. To improve care provided to families following traumatic
childbirth, research investigatng CB-PTSD, postpartum depression, and anxiety in both mothers and partners over
tme are paramount to enhance our understanding of parental mental health (51, 56, 66, 67, 69).

1.2.2. Preventon of childbirth-related post-raumatic stress disorder

Given that risk factors of traumatic childbirth are known, primary preventon strategies are of interest (9). Due to
the nature ofthe trauma and the ability to directly access the population after the raumatic event, early interventions

to prevent CB-PTSD should be developed (9). Unfortunately, to date, such early evidence-based interventions are
lacking (9, 27, 70).

Intrusive memories may be a relevant target for such interventions. Indeed, intrusive memories are a core sympiom
of PTSD and generally consist of re-experiencing the most distressful moments of the trauma (7, 71-73). Hence,
infrusive memories often take the shape of sensory-perceptual images including visuospatial elements (72, 74). It
has been suggested that such memories are caused by the predominance of the data-driven processing related to
trauma-cue perceptual impressions during te trauma over the conceptually-driven processing, which allows
making sense of an event (74, 75). As a result, sensory-based memories associated with the trauma involuntarily
infrude into the mind (74, 75). Besides generating significant psychological distress, infrusive memories are a
precursor of PTSD symptoms (7, 76). Thus, infrusive memories are thought to be involved in PTSD maintenance
and development (72). For instance, experiencing infrusive memories can frigger trauma-related behavioural
avoidance (PTSD criterion C), emotional distress (PTSD criterion D), and hypervigilance (PTSD criterion E),
causing impairment in everyday functioning (72). Hence, early interventons fargefing childbirth-related intrusive
memories could prevent subsequent CB-PTSD (27).

It has therefore been postulated that a brief behavioural procedure, including a visuospatial task, occurring 30
minutes afer an analogue traumatic event could impede intrusive memories (77). This is based on o main
cogniive and neurobiology findings. First, the brain has selecive resources with limited capacity, indicaing that
visuospatial cognitive tasks engage visuospatial resources, which are thus not available for concurrent task (78).
Second, memory consolidation, i.e., the time-dependent stabilisation process that transforms recent encoded
experiences into long-term memory (79), can be disrupted within the 6 hours following the traumatic event In other
words, memory is malleable during the frst 6 post-traumatic hours, which could be a window opportunity for early
CB-PTSDinterventions (80). Hence, given that intrusions are sensory-perceptual and essentially visual, performing
a visuospatial task during the first postpartum hours may compete for visuospatial resources needed for childbirth



memory consolidaton (77, 81). In summary, it is assumed that memory is vulnerable to interference during the
consolidaton window following the traumatic event (80, 82, 83). Playing the computer game Tetris, which is a
visuospatial memory resources fask (84), whist memory is undergoing consolidaton, could prevent the
development of visual raumatic memories (85), causing a decrease of fulure trauma-related infrusions (77).

Accordingly, an early brief behavioural intervention including the computer game Tefris was tested with healthy
individuals when exposed to an analogue traumatic event in laboratory setings (77, 81). Parficipants who engaged
in a visuospatial working memory task (Tetris) 30 minutes to 4 hours following a traumatic fim reported a reduced
number of infrusive memories during the following week than individuals who performed a verbal task, or performed
no task at all, after the event (77, 81). Recent studies showed the importance of memory cue reminders in such
intervention (e.g., presentation of images reminding the analogue traumatic event) to guide te interference process
fo target more specific elements of the memory frace (86-88). It was therefore postulated that this early brief
behavioural intervenon must include both the following components to be efiectve: a memory reminder and a
visuospatial task (89). In additon, mental rotaton was also shown to be an important factor of tis behavioural
intervention (77). Translaing these findings fo clinical setings randomised controlled trials (RCTs) showed similar
results with patients of an emergency department who experienced a traumatic event (e.g., motor vehicle accident,
industrial accident, assaulf) (86, 90).

To the best of my knowledge, only one proof-ofprinciple RCT used a similar intervention protocol to prevent
infrusive memories following traumatic childbirth (15). Mothers of the intervention group uninterruptedly played the
computer game Tefris for 15 minutes within the 6 hours following their ECS in their hospital bed (15). Given that
the intervention was delivered in the same context as in which the tauma occurred, no addiional memory cue
reminder was needed (in contrast to 86, 90). Mothers of the control group received the usual care (19). In
comparison with the control condition, the intervention group had areduced number of infrusive fraumatic memories
during the first week following the ECS (15). Moreover, at 1 month postparum, mothers who received the
intervention reported lower CB-PTSD symptoms than controls (15). Although being promising, these findings

should be replicated with a larger RCT including an active placebo control group, using clinical interviews, and
investigating the longer-term eflects of the intervention protocol on the whole family.

1.3. Consequences of traumatic childbirth on maternal physiological stress reactivity
1.3.1. Post-raumatic stress disorder and the stress response system

The reasons as to why only some people develop (CB-)PTSD afer raumatic stress exposure are not entirely clear
(8). Psychobiological evidence suggests that an alteration of the stress response system may play a major role in
PTSD development (91, 92). The stress response system is consftuted by the sympathetic (SNS) and the
parasympathetic (PNS) branches of the autonomic nervous system (ANS), as well as by the hypothalamic-pituitary -
adrenal (HPA) axis that is a neuroendocrine cascade response (93). ANS activation in response o stress can be
observed with heart rate variabilty (HRV) parameters, such as high frequency (HF) power, low frequency (LF)
power, and LF/HF ratio (93). In response to stress, PNS activation reduces, which is reflected by a decrease of HF



power and, in contrast, SNS activation is enhanced, which is mainly shown by an elevation of LF power (93). Asa
result, a shortterm imbalance of ANS is observed, represented by an elevation of the LF/HF rafo (93). PNS
withdrawal leads to increased arousal and atention, whereas the SNS confrols the organism’s reactions to a
perceived threat, and is involved in the “fight or fight’ response (i.e., the automatic physiological response o a
stressful or frightening event) (93, 94).

Afler stress exposure, SNS and PNS changes manifest themselves almost immediately, while cortisol release
refecng the HPA axis acfivation peaks at 10 to 30 minutes post-stress application (94). Cortisol release allows
the organism to mobilise psychological and physiological resources and to recover by neutralising the physiological
impacts of SNS activaton (93). In addion to HPA axis and ANS changes, psychological stress responses, such
as perceived stress, are observed following stress exposure (95, 96).

Hormonal changes during pregnancy and in the early postpartum period interact with corisol release, which is
elevated throughout the pregnancy before returning to initial levels at 12-24 hours postpartum (97-99). Furthermore,

hormonal activation triggered during breastieeding caninfluence te cortisol release, bluning the cortsol response
within the hour following breastieeding (100).

Dysregulated HPA axis activaton has been associated with PTSD development and maintenance. In laboratory
setings, te stress reactvity of the HPA axis can be measured with the corsol response to stress paradigms (101-
103). Typically, individuals with PTSD or exposed o a traumatc event show mosty blunted cortsol release in
response to stress compared to healthy individuals (104-107). Only one study observed increased cortisol
responses in women with childhood abuse-related PTSD after being exposed to traumatic memory reminder cues
compared to healthy women with a history of childhood abuse (108). Given the small sample size (n = 12 each
group) and the use of an unstandardised stress paradigm, these findings mustbe considered cautiously, especially
since all other evidence observed a blunted cortisol stress reactivity following a lab-based stress task (105-107,
109). This blunted cortisol stress reactivity was found in US female war veterans when compared with civilian
women, irrespective of their PTSD status (107), in postpartum mothers with emotion regulation problems and a
history of child maltreatment (106), and in mothers with interpersonal violence-related PTSD at 1 and 2 years
postpartum (109).

Another indicator of a stress response is a low HRV, indicating that the cardiovascular system cannot properly
adapt o external and internal demands (92). In response fo laboratory stress induction, healthy individuals showed
a PNS activation withdrawal (i.e., reduced HF power), and SNS activaon and ANS imbalance elevaton (i.e.,
increased LF power and LF/HF ratio) (110-112). According to previous meta-analyses, individuals with PTSD had
lower HRV than confrols at rest (92, 113, 114). In response fo stress exposure, patients with PTSD tended to have
diminished PNS activation compared to healthy individuals (114).

To the best of my knowledge, stress reactvity has never been studied in mothers with CB-PTSD, nor following
traumatic childbirth. Hence, itis unclear whether altered stress reactvity can already be observed early afer trauma

exposure when CB-PTSDis not yet present Investigaiing early changes to the psychophysiological stress reactvity



in early postpartum mothers following fraumatic childbirth could eventually lead, on te one hand, o te
identficaton of CB-PTSD risk factors, and on the other hand, to a beter understanding of physiological
mechanisms involved in CB-PTSD development (104). Given that no validated lab-based tasks adapted to the early
postpartum period exist so far, we developed the Lausanne Infant Crying Stress Paradigm (LICSP), a standardised
stress paradigm adapted 1o early postpartum mothers and to the maternity context Therefore, the following chapter
builds on the development of the LICSP and its related theoretical constructs.

1.3.2. The Lausanne Infant Crying Stress Paradigm

The LICSP procedure was inspired by the Trier Social Stress Test (TSST) considered as the gold standard stress
paradigm to elicit psychophysiological stress responses in adults (101, 103). The standard TSST procedure
contains a baseline phase, a stress phase, and a recovery phase (102, 103). During the TSST baseline and
recovery periods, partcipants are instructed to rest while siting (102, 103). Duration of the baseline and recovery
periods depend on the stress reactivity outcomes (103). For example, when assessing salivary cortisol collected at
10-min infervals, the baseline phase lasts 30 min and the recovery phase 70 min (103).

During the TSST stress phase, parficipants take part in a mock job interview after a 3- to 10-min anficipaton period
of the aforementioned task (102, 103). Hence, while standing in front of a panel of committee members, they must
convince them that they are the perfect candidate for the job during 5 min (102, 103). This psychosocial stressor is
followed by a surprise mental ariimefic task of 5 min (i.e., a cognitve stressor) (102, 103). Performing these
motivated tasks in front of a panel of experts represents a stressful social-evaluatve threat (i.e., when some part
of the self is evaluated by others). This threat-related stress is emphasised by the video and voice recording of the
performance, by instructions informing partcipants that the experts are behavioural analysts, and by the panel
atiitude suppressing any types of social engagement or positive feedback (102, 103). The stress anticipation, the
socio-evaluative threat and the motivated performances (i.e., active personal involvement in a task that is judged
and that demands observable or cogniive outcomes) are key evidence-based elements to induce a
psychophysiological stress response in adults (101, 103). Besides, the TSST contains other evidence-based stress-
inducing characteristics, such as novelty and/or unpredictability, and uncontrollability (101, 103, 115). Indeed,

throughout the TSST, partcipants are not aware of the psychosocial stressor unil the anticipation period, and they
are surprised by the cognitive stressor, which is unexpected.

The TSSTis likely to fail to elicit psychophysiological stress reactvity in early postpartum mothers given physical
and psychological restraints, such as the impossibility of standing up during the stress phase or the inadequacy of
playing a job interview scenario, as most maternal concerns in the days following childbirth are focused on their
infant or motherhood (101, 103, 116). Thus, te LICSP procedure was developed by including the principal
components of the TSST with adjustments for the early postpartum period (101, 103, 116). Figure 1 shows the
LICSP procedure and time points of measurements.

Participants are asked to rest in their hospital bed with teir infant during the LICSP baseline and the recovery

phases. The stress phase occurs in a separated consultaion room, in presence of an unknown female medical



experimenter, whose role consists of observing partcipants and providing them with instructions while adoptng a
neutral facial attitude (103). Participants are flmed throughout the stress phase on te pretext that specialists will
analyse their behaviour aflerwards. The stress phase starts with a 3-min anficipaton period of the infant crying test
(ICT) and is followed by the psychosocial stressor, namely the ICT, and then by the TSST cognitive stressor (i.e.,
the surprise mental arithmetc task) (103). The ICT implicates identfying one’s infant crying among several
recordings of infant crying. Instructions given to parficipants imply that mothers can usually identfy their infant's
crying. The purpose of tis is to treaten the maternal social self to induce stress (101, 117). In sum, both the
psychosocial and cognifive stressors include the aforementoned main evidence-based properties necessary to
elicit psychosocial stress reactvity (101, 103, 115). Finally, to avoid side effects, an optional 8-minguided relaxation
is offered at the end of the recovery period (118). Moreover, after the LICSP, a moment to debrief is offered to
participants to discuss their experience.
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Figure 1. The Lausanne Infant Crying Stress procedure and tme points of measurements. Perceived stress is
collected via a visual analogous scale (VAS) and heart rate variability measurements includes high-frequency (HF)

power, low-frequency (LF) power, and LF/HF ratio.

A shown in Figure 1, the LICSP procedure assesses the HPA axis reactivity via salivary cortsol collected at seven
difierent ime points, namely 5 min before the stress phase (C1), directy after the anticipation task (C2), and during
the recovery phase at 10 min intervals (C3 1o C7) (103). Besides, ANS activity reflected by HF power, LF power,
and LF/HF rafio is measured with four 3-min cardiac recordings: one during the baseline, a second during the ICT,
a third during the surprise mental aritmetc task, and a fourth during the recovery (110, 112). Finally, perceived
stress is assessed at ten diferent imes over the LICSP via a visual analogue scale (VAS) (119).

To investigate psychophysiological stress reactivity of mothers at risk of CB-PTSD shortly following traumatic
childbirth and therefore addressing a gap in te literature regarding CB-PTSD development, the LICSP should first
be validated as an efiectve paradigm for mild stress induction adapted to the maternity context In future studies,



the LICSP could represent a valuable ool to evaluate innovatve and early evidence-based interventions that aim
to prevent the negative efiects of CB-PTSD on mothers, but also on their families (52, 70, 104).

1.4. Consequences of traumatic childbirth on infant health outcomes
1.4.1. The intergenerational fransmission of stress and frauma

Traumatc childbirth affects parents, but also teir offspring (13, 120-126). In the United Kingdom, almost three-
quarters of the estimated economic cost of maternal perinatal mental health was related to adverse impacts on the
child rather than the mother, being roughly £6 bilion for each one-year birth cohort (127). Hence, offspring
outcomes after raumatc childbirth are a public health issue and warrant further investigations.

According to the model of intergenerational transmission of stress and tauma, offspring developmental and
biological outcomes can be modulated by parental biological changes after raumatic stress exposure (128). It was
postulated that these epigenetic changes occur through three pathways: (1) at preconception where stress modifies
the gametes; (2) during pregnancy via stress consequences on the uterine environment and; (3) through early
postatal care where parental biological changes tiggered by stress can impede appropriate parentinfant
interactions (128). The tird pathway is suited to investigate alteratons in the offspring’s biological system and
development due to parental CB-PTSD following traumatic childbirth.

Lately, a systematic review investigating associations between maternal CB-PTSD and child outcomes reported
negatve associatons between CB-PTSDand breastieeding (129), which is predictve of both maternal and child
health outcomes (130). Findings are inconsistent regarding associations between maternal CB-PTSD and child
cogniive development, mother-infant relatonship, and bonding (52, 121, 129, 131-133). A recent study concluded
that compared to controls before COVID-19, mothers who gave birth during the pandemic reported higher acute
stress symptoms after delivery, which in turn was associated with CB-PTSD symptoms and bonding problems
(133). Conversely, Naki¢ Rados and colleagues observed no association between maternal birth-related symptoms

of CB-PTSD and bonding (131). Interestingly, they found that maternal general symptoms of CB-PTSD had a direct
eflect on bonding and an indirect effect via maternal postpartum depression symptoms (131).

In sum, although more research on te aftermath of raumatic childbirth on infant outcomes is needed, current
literature suggests a maternal intergeneratonal transmission of stress- and trauma-related consequences (128,
129, 134). Intergenerational transmission of stress- and trauma-related consequences also concerns fathers,
although research on this is scarce (13, 52, 128). The role of fathers should not be underesimated in tis
intergenerational transmission, especially via te tird pathway (52). Mechanisms involved in this possible paternal
transmission of stress- and frauma-related consequences fo their offspring are not known yet (52). It was proposed
that both parents could influence each other's psychological, physical, and biological states, and subsequently
impact child development, e.g., cognifve and sleep outcomes (52). In addion, given that the intergenerational
transmission of stress and trauma was postulated o occur via early postatal care (128), research studying infant

outcomes after taumatic childbirth should also include non-biological parents. Hence, research on the



intergenerational transmission of stress- and frauma-related consequences of both mothers and partners, as well
as the mechanisms underlying this transfer (i.e., direct orindirect path), is necessary to better understand this tird
pathway (52).

1.4.2. The consequences of fraumatic childbirth oninfant sleep

As briefly mentoned above, traumatic childbirth and CB-PTSD can have a deleterious impact on infant outcomes,
even though more research is needed. In addition, poor sleep quality during infancy and childhood is predictve of
adverse developmental outcomes (e.g., socio-emotional or behaviour problems) (135-137) and is associated with
negatve family functioning and maternal well-being (138, 139). To the best of my knowledge, the afermath of
traumatic childbirth and CB-PTSD on infant sleep during the first year postpartum has not been examined so far
and is, therefore, essental to be explored.

From birth, infant sleep consolidation rapidly develops, with the mostsignificant changes occurring between 1 and
2 months, with a sleep consolidation peak at 3 months (140, 141). From 3 to 12 months, the longest period of
continuous sleep without waking is relatively stable, increasing less than 30 minutes between these ages (141).
The self-regulated sleep period (i.e., amount of ime when infants are either sleeping or are quiety awake) rapidly
increases from 1 to 4 months and stays stable unil 9 months, before gradually increasing untl 12 months (141).
Importanty, infants with sleep self-regulaion competencies are more likely to sustain sleep for more than 5 or 6

hours (141). Infant acquision of sleep selfregulation competencies are dependent on environmental factors, such
as the method of falling asleep, as reflected by bedime interactions (142-145).

Sleep problems, e.g., short night sleep duration and night waking, concern 10% to 17% of infants (146, 147). Only
30% of sleep problems seem to have physical causes at <5 years old, suggesting sleep problems may be related
fo parental behaviour (148). Maternal parenting at night was for example associated with infant night waking (138),
supporting that specific maternal behaviours at night can prevent the acquision of selfregulation competencies,
which allows the infant to self-soothe back to sleep (144). In addiion, maternal nightime parening was also
reported to be associated with maternal postpartum depression symptoms (144). Indeed, qualitative data reported
that, following her infant's first non-distressing voicing, a mother with depression symptoms responded to her 12-
month old rapidly at night (sometimes <40 s) (138), which may therefore interfere with self-regulaton competencies
acquisition (144).

Evidence reports associatons between maternal symptoms of postpartum depression or anxiety and their
ofispring’s sleep (120, 138, 149-151). However, only a few prospective studies investigated the direction of these
associations and found inconsistent results (120, 137, 149, 150). Regarding CB-PTSD, only o studies examined
maternal CB-PTSD symptoms and child sleep (126, 152). Pierrehumbert and colleagues found that maternal CB-
PTSD was associated with child sleep at 18 months postpartum, independently of their prematurity status (152),
while Garthus-Niegel and colleagues found a prospective relationship of maternal CB-PTSD symptoms at2 months
postpartum on child sleep at wo years postpartum (126).
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Evidence supports associations between perinatal maternal mental health symptoms (mosty depression), infant
sleep, infant temperament (e.g., negaive emotionality), and bedime interactions (144, 153-158). For example, a
recent study found that the infuence of maternal symptoms of antenatal depression on child night waking was
mediated by the maternal percepton of infant negative emotionality, also referred to as negatve affectivity or
negafve temperament (153). Alternatively, maternal symptoms of postpartum depression and maternal perception
of infant negative emotionality were recenty associated with more infant sleep problems perceived by mothers
(158). In addiion, maternal postpartum depression and anxiety symptoms and maternal interactve bedime
behavior involving active physical comforing predicted infant sleep problems at 12 months postpartum, and the
influence of both problematic maternal cognion and infant temperament on the maternal interactve bedime
behavior mediated the relationship between child sleep problems from 12 to 24 months postpartum (156). It is
important to note that differences are observed in these studies regarding several factors (e.g., participant age,
variables of interest study designs, and offspring sleep or maternal mental health assessment tools and tme
points), making it unclear which and how mechanisms are involved in the associatons between maternal mental
health symptoms and infant sleep.

The complex interplay occurring between parents and infant sleep has been modelised by Sadeh and Anders (143),
and then adapted by Sadeh, Tikotzky, and Scher (144) with the transactional model of infant sleep and parentng
(Figure 2). This model postulates that infant sleep shares ongoing bidirectional complex relaions with a) the distal
extrinsic context (e.g., maternal educational level), b) the parenting factors context (e.g., maternal mental healt),
c) intrinsic infant factors (e.g., infant age), and d) the parentinfant interactive context, including interpersonal

systems (e.g., maternal perception of infant temperament) and interactve behaviours factors (e.g., bedime
interactions) (143, 144).
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Figure 2. Transactional model of infant sleep and parentng adapted from Sadeh and Anders (143) and Sadeh,
Tikoizky, and Scher (144).

As previously mentioned, infant sleep represents a cornerstone of the preventon of adverse developmental
outcomes, and research on infant sleep is needed to help prevent adverse clinical outcomes (142). Studies
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concluded that maternal mental health symptoms are associated with infant sleep (120, 138, 149-151), but its
relation with maternal CB-PTSD symptoms during the first year postpartum has not been examined so far. Further,
given that CB-PTSD is comorbid with posfpartum depression and anxiety, the queston arises of how te
interactions of these symptoms contribute to infant sleep. To the best of my knowledge, no research has addressed
this point

1.5. Overarching aim of this thesis

The overarching objecive of this thesis was to examine the consequences of traumafic childbirth on the
aforementioned aspects of maternal, parter, and infant health within the first year postpartum. The current
dissertaion was based on the theoretical model of family outcomes after traumatic childbirth shown in Figure 3
(159). According to this model, raumatic childbirth directly impacts psychological vulnerability and physiological
stress responses of both mothers and their partner that infuence one another. The afiermath of raumatic childbirth
on infant outcomes is mediated by parentinfant interactions, which are themselves influenced by maternal and

partner outcomes.
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Figure 3. Theorefical model of family outcomes after traumatic childbirth based on Sandoz et al. (159).

The frst research queston this thesis addressed was how an early brief behavioural interventon including a
visuospatal task (i.e., Tefis) delivered to mothers can influence family physiological, psychological, and
developmental outcomes, and more specifically maternal CB-PTSD symptoms. To this purpose, the study protocol
of the Swiss TrAumatic biRth Trial (START)was developed in the form of a mulii-centric double-blind RCT, in the
continuity of previous work (15). Data collection of this RCT is stil ongoing and the study protocol is described in
Study 1.
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The second objective of this thesis was to investigate the early postpartum maternal physiological stress reacivity,
comparing responses of mothers who had a traumatic childbirth experience with those who did not The two
following sub-questions were answered: 2a. How is the maternal psychophysiological stress reactvity to the LICSP
at wo to three days postpartum characterised?; and 2b. How does the psychophysiological stress reactivity of
mothers at high-risk of CB-PTSD compare to mothers at low-risk of CB-PTSD in response to the LICSP? These
questions were addressed in Study 2, via a cross-sectional experimental study.

Lasty, the current thesis aimed to study the distinct infuence of maternal symptoms of CB-PTSD, postpartum
depression, and anxiety, which are highly comorbid afler fraumatic childbirth, on infant sleep. More specifically, it
focused on the following sub-questions: 3a. Are postpartum depression, anxiety, or CB-PTSD associated with infant
sleep?; 3b. Do tese diflerent, but comorbid, maternal mental health dificulties share common mechanisms
resuling in specific mental health symptom profiles (represented by latent factors)?; and 3c. How do these mental
health symptom profiles infuence infant sleep, when including maternal perception of infant negative emotionality
and method o fall asleep as mediators and maternal educational level and infant age as moderators? Study 3
addressed these gaps in te literature through an online cross-sectional study.

The following chapter contains a summary of these three studies. Although Study 1and Study 2 are part of START,

each research methodology difiers and will therefore be presented one after another.
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2. Thesisstudies
2.1. Study1: The study protocol of the Swiss TrAumatic biRth Trial

The study protocol of this RCT was published in the journal BMJ Openin 2019 and the original published article
can be found in Appendix A (159). Note that data collection is ongoing, and that therefore no result is available yet.

2.1.1. Personal contribution

| was significanty involved in designing, establishing, and refining the study protocol, as well as in the wrifing of the
paper. Since the start of my PhD, my main tasks linked to this RCT have consisted of study coordination, co-
supervision of research interns, standard operating procedures development partcipant recruitment data
collection, ethics commitiee procedures, and data management

2.1.2. Aims

This mulicentre double-blind RCT aims to examine the eflects of an early brief behavioural intervention
(visuospatial task procedure) delivered to mothers on maternal CB-PTSD, but also on parental psychological and
physiological outcomes, parentinfant interactions, and infant developmental and physiological outcomes.

2.1.3. Methods

Mothers are included if they: 1. have an ECS at 234 weeks gestation at the Lausanne University Hospital or the
Geneva University Hospitals; 2. gave birth to a live baby; 3. sign a writen consent, and 4. report being raumatised
by their ECS (7, 160). The maternal exclusion criteria consist of. 1. established intellectual disability or psychotic
ilness; 2. insufiicient French-speaking level to participate in assessments; 3. severe maternal or infant illness or if
the infant requires intensive care; and 4. alcohol abuse or illegal drug use during pregnancy. Maternal participation
and permission is mandatory to inform partners of the study. Partner inclusion criteria include: 1. birth attendance;
and 2. writen consent Parters are excluded if their French-language skills are insufiicient to complete the START
assessments. The ethics commitiee of Vaud approved this study (study number 2017-02142).

Asillustrated in Figure 4, participants are randomly allocated to a group, i.e., the intervention or atenton-placebo
control group, within 6 hours afler ECS, at a 1:1 rato. A computer-generated block randomisaton was used to
generate the randomisation sequence using blocks of sizes 2, 4 and 6 over 144 parficipants per stratum (stratified
by research centre). To realise the condition-specific cogniive task, parficipants receive standardised instructions
by the clinical ttam, who does not inform partcipants about which group they are assigned to. Consequenty, te
blinding is guaranteed for both the research group and the participants.

The same interventon procedure that was previously described in the literature is used (see section 1.2.1) (19).
The cogniive task of the attenfion-placebo control group consists of a written activity log, in which mothers briefly
write down the nature and duration of their ongoing activies (86). To date, there is no preventve treatment to be
delivered early afer a frauma that could be used as a control conditon; the actvity log was therefore chosen to

control for nonspecific confounding factors, whilst reducing its potential harmful efiects (161-164). The atiention-
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placebo control task was matched with the intervention on important characteristics (86). Both cognitive tasks are

performed in a hospital bed for 15 min during the frst 6 hours following ECS and are delivered by midwives/nurses.

Importanty, the realisation of these cognitive tasks does not interfere with early infant bonding or important routine

care procedures.

<6 hours after emergency
caesarean section

Follow-up at 6 weeks Follow-up at <1 week

Follow-up at 6 months

Infant: medical data

Recruitment and baseline assessment
Mother: mental health symptoms and medical data

Via self-reportquestionnaires, observational data, and medical records

A

Group allocation

v

L]

Intervention group
Mother: early briefbehavioural intervention inclusive
of the computer game Tetris (15 min) and usual

Attention-placebo control group
Mother: written activity log (15 min) and usual care

care
v

v

Follow-up assessment
Mother: raumatic intrusive memories, mental health
symptoms, physiological stress regulation, and
medical data
Infant: physiological stress reaciivity, neonatal data
Partner: raumafic intrusive memories, mental health
symptoms, and physiological stress regulation
Via self-reportquestionnaires, physiological
measures, and medical records

Follow-up assessment
Mother: raumatic intrusive memories, mental health
symptoms, physiological stress regulation, and
medical data
Infant: physiological stress reactivity, neonatal data
Partner: raumaticintrusive memories, mental health
symptoms, and physiological stress regulation
Via self-reportquestionnaires, physiological
measures, and medical records

v

v

Follow-up assessment
Mother: mental health symptoms, including the
presence and severity of childbirth-related post
traumatic stress disorder symptoms (primary
outcomes)
Partner: mental health symptoms
Via self-reportquestionnaires and standardised
clinical interview

Follow-up assessment
Mother: mental health symptoms, including the
presence and severity of childbirth-related post-
traumatic stress disorder symptoms (primary
outcomes)
Partner: mental health symptoms
Via self-reportquestionnaires and standardised
clinical interview

v

¥

Follow-up assessment
Mother: mental health symptoms, physiological
stress regulation and reacfivity, and mother-infant
interaction
Infant: stress reactivity, neonatal data
Partner: mental health symptoms, psychological
vulnerabilies,bonding, and physiological stress
regulation
Via self-reportquestionnaires, standardised clinical
interviews, observational data, and physiological
measures

Follow-up assessment
Mother: mental health symptoms, physiological
stress regulation and reactvity, and mother-infant
relationship
Infant: stress reactivity, neonatal data
Partner: mental health symptoms, psychological
vulnerabiliies, bonding and physiological stress
regulation
Via self-reportquestionnaires, standardised clinical
interviews, observational data, and physiological
measures

Figure 4. Flowchart of study procedures.
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START includes four assessment time points: <6 hours afer ECS, <1 and 6 weeks, and 6 months postpartum
(Figure 4). Various maternal, partner, and infant outcomes are assessed. The primary outcomes are the diferences
in the presence and severity of maternal CB-PTSD symptoms between groups at 6 weeks postpartum. For tis
purpose, the gold standard clinical interview for PTSD diagnosis (CAPS-5)and a self-report questonnaire (PTSD
Checklist for DSM-5) are used (50, 165). Secondary and other outcomes are assessed using selfreport
questionnaires, standardised clinical interviews, observational data, and physiological measures (Figure 4).

Addiional information on study outcomes, measures and fime points is available in Table 1 and Table 2 of the
published article (Appendix A).

Following an a priori power analysis based on a previous proof-of-principle RCT (15), a sample size of n = 120
parfcipants was required to have 80% power (a = 0.05, two-sided) to detect a between-group diflerence of the
primary outcomes of d = 0.30. Additonal sample size calculaiions were performed to ensure a sufficient power for
secondary outcomes (ranging from n =56 to n = 84). We therefore aimed for a recruitment of n = 144 mothers to
compensate for the estimated 20% drop-out rate.

Group difierences regarding the primary outcomes, i.e., the mean subscales and total scores of the PTSD Checklist
for DSM-5and CAPS-5 at 6 weeks postpartum, will be investigated with separate linear regression analyses,
controlled for recruitment centre and baseline assessment Univariate tests will be performed fo detect associations
between primary outcomes and potential confounders. Regarding the secondary and other outcomes, difierences
in changes between both groups and the four time point assessments of this RCT will be examined. Analysis will

be adjusted for confounding variables that are significanty associated with dependant variables, as described for
the primary outcomes. Missingdata will be treated with muliple imputaon methods, if appropriate.

2.1.4. Conclusion

The findings of Study 1 will address an important gap in the literature regarding the lack of early evidence-based
interventions to prevent maternal CB-PTSD (27,70). The future results of this RCT will allow to atiest for the eficacy
of an early brief behavioural interventon to reduce maternal CB-PTSD symptoms at 6 weeks postpartum, as
previously reported (15). This RCT will also improve our understanding of the eflects of such an early intervention
on parental psychological and physiological outcomes, parent-infant interactons, and infant development and
physiological outcomes.

2.2. Study2: The Lausanne Infant Crying Stress Paradigm in traumatised vs. not traumatised
mothers

Study 2 was published in the Journal of Personalized Medicine in 2021 (166). The original published artcle can be
found in Appendix B.
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2.2.1. Personal contribution

| played a significant role in designing, establishing, refining, and coordinaing the study. | also supervised and took
part in data collecton and cleaning. Moreover, | collaborated with a staisician on the stafistical analysis of the
data. Finally, I was highly involved in the wriiing of the published article.

2.2.2. Aims

The first aim of this study was to provide frst evidence for the validaton of the LICSP as an appropriate stress
paradigm elicing psychophysiological responses in early postpartum mothers (2a; tme efiect). An increase in
salivary cortsol release, of LF power, of LF/HF power, and perceived stress, as well as a decrease of HF power in
response to the LICSP were expected. The second objectve of this study was to compare psychophysiological
stress reactvity of mothers at low- vs. high-risk of CB-PTSD (2b; group effect). Given the lack of knowledge on
stress reactivity shortly after raumatic stress exposure, no directed hypothesis was formulated.

2.2.3. Methods

The inclusion criteria of this cross-sectional experimental study included: 1. being 218 years old; 2. having given
birth to a live baby at 234 gestational age over the past 5 days; 3. having provided writien consent and 4. being
traumatised or not by childbirth to allow group allocation. For this purpose, o screening questions related to the
perceived life threat during childbirth for the mother and the infant were asked (7, 159, 160). Participants at low-
risk of CB-PTSD had a screening score suggesting they had not perceived a life threat for them or their infant
during childbirth, whereas mothers at high-risk of CB-PTSD had a screening scoreindicating they had experienced
a life threat that raumatised them during childbirth. More details on the screening questions and group allocation
are available in Appendix C. Exclusion criteria involved: 1. insufiicient French language level; 2. established
intellectual disability or psychofic illness; 3. antenatal corticosteroids administration; 4. current alcohol abuse and/or
legal drug use; 5. severe maternal and/or infant ilness; and 5. infant hospitalised in a neonatal intensive care unit.
The high-risk group included 24 participants and the low-risk group 28, forming a total sample size of 52 mothers.

The LICSP procedure is explained in section 1.3.2 and in Figure 1. Afer the LICSP, paricipants were asked to

complete a brief set of questionnaires during their maternity stay (see the method section of the published arficle
in Appendix B). The study was approved by the ethics commitiee of Vaud (study number 2017-02142).

Figure 1illustrates the LICSP measurements and their ime points (section 1.3.2). Seven salivary corisol samples
measuring the HPA axis reactvity were taken during the LICSP (C1 to C7). The salivary corisol peak response
was expected between 10 and 30 min post-stress exposure (C3 to C6) (93, 103). Saliva was collected via Sarstedt
salivetes and corsol was extacted from saliva according to standardised procedures. HRV frequency-domain
indices such as HF power showing PNS activation, LF power echoing SNS activaton, and LF/HF rato indicating
ANS imbalance were calculated using the Kubios HRV Standard sofware (version 2.3.0) with the Fast Fourier
Transformation (110, 112). A VAS ranging from not at all stressed (1) to extremely stressed (5) assessed perceived

stress 10 imes during the LICSP (119). Finally, any perceived life threat for the mother and the infant during
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childbirth was measured via the two following screening questions: “Did you think that your life was in danger?” and
“Did you think that your baby’s life was in danger?” (not at all = 1 to extremely = 7) (7, 159, 160).

Anestimation of n =40 was made based on previous studies using the TSST (103, 107, 167). To consider potential
lower effect of the LICSP, we aimed to recruit 50 participants complefing the entire LICSP procedure. Regarding
data analysis, participants having more than 30% missing data were disregarded from the analysis. Otherwise,
missing data were imputed using Bayesian linear regression for numerical values, using the mice package v3.11.0
algorithms of R v3.6.1 (running under RStudio v1.1.463) (168, 169). Factorial plan analysis (group x ime) using an
aligned ranks fransformation repeated measures analysis of variances (ART ANOVA; i.e., a non-paramefric test)
were carried out o test the within effects of each stress reactvity outcome. Post-hoc contrast analysis with Tukey
adjustments were conducted to detect diferences between relevant pair of assessments to measure stress
reactivity to the LICSP. Effect sizes were evaluated using Cohen’s d. One-way analyses of covariance (ANCOVAs)
were conducted to determine group differences on stress reactivity outcomes, using perceived life threat for the
infant as a covariate. Finally, given that participants showed elevated cortsol release at C1, C2 was considered as
a baseline value for all the stafistical analyses.

2.2.4. Results

On average, the birth had occurred 51:04 + 22:02 hours and minutes before the LICSP. Mothers at high-risk of CB-
PTSD reported a higher perceived life threat for the mother (M = 2.58, SD = 2.13) compared to low-risk mothers
(M=1.07, SD =0.26, W=211.00, p =.002). Similarly, infant perceived life threat was greater in the high-risk group
(M=5.08, SD = 1.53) than in the low-risk group (M= 1.21, SD = 0.42, W=6.00, p <.001). All characterisics of the
sample are available in Table 1 and Table 2 of the published arfcles.

Figure 5 depicts maternal stress reactvity over tme. Significant time effects were found for all study outcomes, i.e.,
salivary cortisol (F(5, 250) = 4.84, p < .001), HF power (F(3;142.47) = 4.59, p = .006), LF power (F(3;143.26) =
14.39, p < .001), LF/HF rato (F(3;143.47) = 10.42, p <.001), and perceived stress (F(9, 450) = 43.10, p <.001)

(2a). Figure 5 shows relevant significant pairwise comparisons.

Significant or marginal group diflerence only emerged when controling for perceived life treat for the infant for
salivary cortisol (F(1, 309) = 5.20, p =.023, d= 0.53), HF power (F(1;197) = 3.32, p = .07, d=0.53), LF/HF rato
(F(1,197) = 10.84, p<.001, d = 0.93), and perceived stress (F(1,517) = 25.89, p <.001, d = 0.91) (2b). Hence,
high-risk mothers had lower mean of salivary cortisol (Madjusted=4.26, SDadjusted = 1.96) and of LF/HF ratio (Madjusted
=1.59, SDadjusted = 2.16) than low-risk parficipants (salivary cortisol: Madusted = 5.44, SDadjusted = 2.40; LF/HF rato:
Meadjusted = 3.95, SDadjusted = 2.83). Further, the high-risk group showed higher mean of HF power (Madjusted = 508.01,
SDadjusted = 351.36) and of perceived stress (Madusted = 2.55, SDadjusted = 1.17) than the low-risk group (HF power:
Moadjusted = 287.79, SDadjusted = 469.47; perceived stress: Madjusted = 1.53, SDadjusted = 1.07).
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2.2.1. Conclusion

For the first tme, evidence was collected to consider the LICSP as a suited stress paradigm in maternity setings
to induce maternal psychophysiological stress reactivity. Mothers at high risk of CB-PTSD showed higher perceived
stress and altered ANS and HPA activaiion in comparison with low-risk participants, when controlling for the infant
perceived life threat during childbirth. While replication is needed, these results form the frst steps in idenfifying
mothers susceptible to develop CB-PTSD with their early stress responses, leading to important clinical implications
for early screening of mothers who need professional support

2.3. Study 3: The interactive role of maternal mental health on infant sleep

Study 3 was submitied to the journal of Early Human Development on the 30% of July 2021 (170). The submited
article in Appendix D.

2.3.1. Personal contribution

| significanty contributed to the design, the establishment, the coordination, and the data management of the study.
Together with a statistician, | worked on the staistical analysis. | was highly involved in the article’s wriing.

2.3.2. Aims

This study firsty aimed to investigate the associations between maternal symptoms of posfpartum depression,
anxiety, or CB-PTSD and infant sleep (3a). More specifically, we expected to find posiive associations between
maternal mental health symptoms and infant night waking, and negative associations between maternal mental
health symptoms and infant nocturnal sleep duration. Given the high comorbidity between these three maternal
mental health dificulties, the second purpose of this study was to exploratory extract data-driven maternal mental
health symptom profiles (3b). This led to the tird aim, which was to examine the differential influence of these
profles oninfant sleep when mediated by maternal perception of infant negative emotonality or the method to fall
asleep, and moderated by maternal educational level or infant age. Figure 6 displays the pathways tested.

2.3.1. Method

Participants who took part in an online cross-sectional questionnaire validaton study (171) had the opfon to
complete another sub-study measuring infant outcomes (n = 410). Mothers were eligible when they were 1. the
birthing parent of a 3-to-12-month old, 2. =18 years old, and 3. French-speaking. Table 1 of the revised manuscript
depicts characteristics of the sample Appendix D. The study was mostly advertised via social media. Data were
only saved once the last page of the survey was completed, which meant that information for early dropouts were
not recorded. No ethics approval was required for this study (Appendix E).
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Figure 6. Proposed pathways involved in the associations between maternal mental health symptom profles and
infant sleep, based on Sadeh and Anders (143) and Sadeh, Tikotzky, and Scher (144).

Three selfreport questionnaires were also completed by mothers to assess their mental health symptoms. First,
the Edinburgh Postnatal Depression Scale (EPDS) collected postpartum depression symptoms within the last week
(172). Higher the tofal score is, higher symptom severity is (range: 0-30) (172). The EPDS had adequate internal
consistency (Cronbach a=0.80) and the French version showed good psychometric characteristics (173). Second,
the anxiety subscale of the Hospital Anxiety and Depression Scale (HADS-A) assessed anxiety symptoms over the
last week (174). A higher total score (range: 0-21) suggests higher symptom severity (174). The French version
had good psychometric characteristics and internal consistency (Cronbach’s a = 0.90) (175). Third, the City Birth
Trauma Scale (City BiTS) assessed CB-PTSD symptoms during the last month and is composed of wo dimensions:
the birth-related symptoms and the general symptoms (20). A higher toal score (range: 0-60) indicates greater CB-
PTSD symptom severity (20). The Cronbach’s ain the currentstudy was appropriate at 0.82 and the French version
demonstrated good psychometric characteristcs (171). Finally, mothers reported some sociodemographic and
medical data, such as infant age (=3 months to <6 months =1, 26 months to <9 months = 2, and =9 months to
<12 months = 3) and maternal educational level (no education = 1, compulsory education = 2, post-compulsory
education = 3, university of applied science or university diploma of technology degree = 4, and university =5).

The Brief Infant Sleep Questionnaire measured, over the last week, nocturnal infant sleep duration (in min), infant
night waking, and the method of falling asleep (while being fed = 1, while being rocked = 2, while being held = 3,
alone in the crib= 4, and inthe crib with parental presence = 5) (145). This maternal-report questionnaire had good
psychometric propertes (145). Mothers also filed in the negative emotionality subscale of the Very Short Form of
the Infant Behavior Questionnaire-Revised (IBQ-NEG) reflectng the infant tendency to express negative emotions
(e.g., sadness, distress to limitation, and fear) (176). A higher IBQ-NEG scoreindicates higher negative emotionality
(range: 1-7) (176). The forward-backward method was used for cultural adaptaton and French translation (177). In
this study, the IBQ-NEG Cronbach’s a was 0.82.

21



The nocturnal sleep duration variable contained one missing data, which was not imputed, and no outlier was
detected. To assess aim 3a, six simple linear regressions were performed, with EPDS, HADS-A, or City BiTS score
as the predictor and infant sleep (i.e., nocturnal sleep duration or night waking) as the dependant variable. For aim
3b, an exploratory factor analysis with three predefined factors was conducted to establish maternal mental health
symptom profiles. A confirmatory factor analysis was then performed o assess the quality of the model. Finally, for
aim 3c, maternal educational level and method of faling asleep were recoded into dichotomous variables.
Educational level was comprised of low vs. high educational level and the method of faling asleep by being not
interactive vs. interactive. Twenty-four moderated mediaion models were tested using structural equation
modeliing, each of them including one of the three maternal mental health symptom profiles as the independent
variable, one of the two sleep outcomes as the dependant variable, one of the two mediators (i.e., IBQ-NEG or
method o fall asleep), one of the two covariates (method to fall asleep or IBQ-NEG), and one of the moderators
(i.e., maternal educational level or infant age). Mediation indirect eflects were evaluated with bootstrapping methods
on 1000 samples.

2.3.2. Results

Table 1 displays results of the simple linear regression models investigaiing the associations between maternal
mental health symptoms (i.e., EPDS, HADS-A, and City BiTS scores) and infant sleep (i.e., night waking and
nocturnal sleep duration) (3a).

Table 1. Simple linear regression models for the associations between maternal mental health symptoms and infant

sleep

Model Predictor Dependent variable n B R? F p

1 EPDS Night waking 410  0.03 0019 808 .005
2 EPDS Nocturnal sleep duration 409 -251  0.039 16.54  <.001
3 HADS-A Night waking 410 0.04 0011 449 035
4 HADS-A Nocturnal sleep duration 409 -259 0.016 6.77 010
5 City BiTS Night waking 410  0.01 0.004 160 207
6 City BiTS Nocturnal sleep duration 409 -080 0010 417 042

Note. EPDS = Edinburgh Postatal Depression Scale; HADS-A = anxiely subscale of the Hospital Anxiety and
Depression Scale; City BiTS = City Birth Trauma Scale

The results of the exploratory factor analysis are displayed in Table 3 in Appendix D. The first factor, namely the
depressive profile, contained 8 EPDS ittms, 2 HADS-Aitems, and 8 City BiTS items, with loading values ranging
from 0.41 to 0.74. Only 9 items of the City BiTS loaded on the second factor, called the birth trauma profile, with
loading values from 0.49 to 0.80. Finally, the third factor, which was named the anxious profile, consisted of 3 EPDS
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items, 4 HADS-A items, and 2 City BiTS items that had loading values between 0.44 to 0.71. The depressive and
anxious profiles were highly correlated (r=0.81, p <.001), while the birth rauma profle was moderately associated
with the depressive profle (r=0.41, p <.001) and the anxious profle (r = 0.46, p < .001). The quality indices
resuling from the confirmatory factor analysis indicated an acceptable ft to the data (RMSEA =0.074, CFl==.862,
TLI = 0.851, y2/df = 3.238, SRMR = 0.056) (3b). As shown in Table 2, maternal perception of infant negatve
emotionality was significanly mediating the association between the depressive profle and the night waking,
whatever the infant age (model 1) or the maternal educatonal level (model 2); the associaton between the
depressive profle and the nocturnal sleep duration but only when the infant age was between 6 and 9 months
(model 3); and the association between the anxious profile and the night waking when the infant age was between
3 and 9 months (model 4) or when the education level was high (model 5) (3c). Non-standardised beta coeficients
can be found in Figure 1 in Appendix D, while information regarding non-significant moderated mediaton models
are reported in Appendix F.

2.3.1. Conclusion

Study 3 examined for te frst ime the distinct influences of difierent but comorbid, maternal mental health
symptoms on infant sleep. Birth rauma symptoms were not associated with any of the infant sleep outcomes, while
the influences of the depressive or anxious profles on infant sleep were mediated by the maternal percepton of
infant negative emotionality, but only for some specific infant ages and maternal educational levels. Findings
suggest that diferent mechanisms are involved in the associafions between maternal mental health and infant
sleep, depending on the type of maternal symptomatology. The impact of raumatc childbirth on infant sleep is not
clear during the first year postpartum, and the maternal frauma-related impact on infant sleep may need longer
follow-up for associations to unfold, contrary to the depressive or anxious context
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Table 2. Significant moderated mediation models investigaing the infuence of maternal mental health symptom profiles on infant sleep

Independent variable  Dependent variable M ediator Covariate M oderator ACME, 95% CI p
Model 1

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: =3 months to <6 months 0.013, [0.006, 0.024] <.001

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: =6 months to <9 months 0.006, [0.001, 0.014] .02

Depressive profile Night waking IBQ-NEG  Method to fall asleep  Infant age: =9 months to <12 months 0.009, [0.001, 0.024] 028
Model 2

Depressive profile Night waking IBQ-NEG  Method o fall asleep  Low educational level 0.007, [0.002, 0.015] .004

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  High educational level 0.009, [0.004, 0.017] <.001
Model 3

Depressive profile Nocturnal sleep duration IBQ-NEG  Method to fall asleep  Infant age: =6 months to <9 months -0.29%, [-0.677, -0.067]  .012
Model 4

Anxious profile Night waking IBQ-NEG  Method o fall asleep  Infant age: =3 months to <6 months 0.013, [0.004, 0.026] <.001
Model 5

Anxious profile Night waking IBQ-NEG  Method to fall asleep  High educational level 0.009, [0.001, 0.021] 032

Note. IBQ-NEG = negative emotionality subscale of the Very Short Form of the Infant Behavior Questionnaire-Revised.
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3. General discussion and perspectives

In additon to the economic consequences for society (12, 127), raumatic childbirth has significant negative impacts
on maternal, paternal, and infant outcomes (9, 52, 121, 124, 126, 129). Research on maternal and partner
physiological and psychological outcomes after raumatic childbirth is lacking, including evidence on te eficacy of
early interventons to prevent CB-PTSD (9, 13, 27, 52, 70). Moreover, it is important to stop the ripple eflects caused
by frauma-related consequences (9, 52). Consequently, this tesis intended overall to fil some literature gaps

concerning maternal, partner, and infant health outcomes following traumatic childbirth during te first year
postpartum.

The first part of his thesis was the development of a mul-centric double-blind RCT to test the eficacy of an early
behavioural intervention on various familial outcomes, including maternal CB-PTSD symptoms (Study 1). Due to
COVID-19 consequences, data collection is siill ongoing and the current thesis could not incorporate any results.
The second part of the thesis focused on maternal psychophysiological stress reactivity during the early postpartum,
since altered stress responses could play a major role in CB-PTSD (Study 2) (91, 92). It produced frrst evidence
for the validation of the LICSP as a tool to elicit maternal psychophysiological stress responses at two to tree days
postpartum. When confroling for the infant perceived life threat during childbirth, mothers at risk of CB-PTSD
already showed an altered psychophysiological stress reactivity compared to controls (2b). Finally, the tird part of
tis thesis investigated the associations between maternal mental health symptoms and infant sleep (Study 3). One
of the main interests of Study 3 related o the investigaton of the distinct influence of three maternal mental health
symptom profiles, namely the depressive, birth frauma, and anxious profiles, on infant sleep. Results suggested
that the relationship between the depressive or anxious profles and the adverse infant sleep outcomes was
mediated by the maternal perception of infant negatve emotionality but only for some specific infant ages and
maternal educational levels. In additon, the association between the birth trauma profle and infant sleep was not
mediated by this maternal perception of infant temperament

3.1. Interpretation of findings

Study 1 detailed the study protocol of START, an innovative RCT studying family health outcomes after fraumatic
childbirth. The primary aim of tis ongoing RCT is to assess the preventive efiect of an early brief behavioural
intervention inclusive of a visuospatial task on the presence and the severity of maternal CB-PTSD symptoms at 6
weeks postpartum. The interventon tested is cost-eflective and universal, has no side eflects, and can be integrated
into routine postpartum care with ease (90). Positive results would be highly valuable, as no early evidence-based
treatment for CB-PTSD currenty exists (9, 27, 70).

Beyond tis primary aim, START investigates the efiect of this interventon on many aspects of maternal, parter,
and infant health outcomes, such as psychological, physiological, parent-infant relafonship, and infant
developmental outcomes, as described by the theorefical model of family outcomes after fraumatic childbirth (Figure

3). This design, including all the family, is rare in perinatal research, despite the importance of the father during the
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perinatal period (13, 52, 65). This RCT run with a high-risk population will provide detailed knowledge on CB-PTSD
protecve and risk factors, comorbidity, trajectory, and co-interacton of parental symptoms afer traumatic
childbirth. The findings of this RCT will also determine the mid-term eflect of both maternal and partner CB-PTSD
symptoms on infant development and their interactive effect in line with the model of intergenerational transmission
of stress and trauma (128). START, therefore, represents a significant opportunity to investigate the tird pathway
of this model, for which research is currenty scarce (52).

An important part of tis thesis related to maternal psychophysiological stress reactivity in the early postpartum
period (Study 2). To the best of my knowledge, tis was the first ime that variatons in maternal early
psychophysiological stress reactvity after raumatic childbirth were studied, despite its probable involvement in CB-
PTSD development (91, 92). Hence, a key finding of tis thesis was the collection of the first evidence for the LICSP
validation as an eflectve paradigm for mild stress induction in maternity setings attwo to three days postpartum.
More specifically, in response to the cogniive stressor of the LICSP, mothers had an elevation of perceived stress
and SNS activation, as expected. A simultaneous increase of PNS activaton was also observed, contrary to our
hypothesis. However, the HPA axis did not respond o the LICSP stressors, mainly because salivary cortisol levels
were already high at baseline and remained elevated unfil the expected peak response, before declining at the end
of the recovery period.

Several reasons as to why the LICSP did not cause an HPA response can be assumed. First, precise LICSP-
related requirements and postpartum-specific demands (e.g., maternal and newborn care) may have been stressful
for mothers, therefore increasing salivary cortsol release before the start of the stress paradigm. Second, mothers
were aware of a short upcoming infant separation during the LICSP. Hence, anticipaiing this moment may have
been more stressful than its actual experience, since salivary cortisol levels were higher when measured during
baseline (C1) than during the stress phase (C2). Third, the overall stress level of the stress phase may have been
inadequately low to intensify the HPA activaton (93). In comparison o the TSST (101, 103), the social-evaluative
threat may have been weak during the LICSP, due to the stress phase procedure characteristics (e.g., one
experimenter in the LICSP vs. a panel of experimenters in the TSST). Moreover, the lack of face-to-face feedback
from the experimenter on the maternal performance of the psychosocial stressor could also have reduced the
social-evaluative threat (178). Finally, many early postpartum confounders could have impacted HPA actvation,
such as sleep deprivaton, lactaton and its associated hormonal release, or parentng challenges (96, 179-183).
The fact that our study sample faced many potental early postpartum-specific changes (e.g., breasteeding
inifiaion) makes it dificult to compare their HPA reactvity to other samples. Moreover, mothers of the current

sample showed higher mean cortsol levels than what was previously reported in raumatised vs. non-raumatsed
women (107), which may possibly be associated with general childbirth-induced hormonal changes.

The fact that a simultaneous increase in HF power was observed during the cognifve stressor was unexpected.
When looking more carefully at the patiern of HF power mean response, it appears that only raumatised mothers
had an increase of HF power. This could be explained by childbirth-related pain resulfing in compensatory
sympatho-adrenal activaton that includes catecholamine release into the circulaion system (184). As a result, a
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co-activation of SNS and PNS occurs. Although the traumatised group had more ECS and instrumental deliveries,
both of which are associated with higher pain intensity at 24 hours postpartum, this does not justfy why tis increase
is not observed in non-traumatised mothers, since pain is frequent during the early postpartum (185).

Another explanation could be related to infant-focused ruminations: an increase of PNS activity was reported under
stress in fraumatised mothers, potentially caused by ruminations linked to the threat of the separaton with teir
child (186). Thus, the parallel PNS and SNS activaton observed in the high-risk group of the current study may be
associated with levels of hypervigilance posttrauma, as participants might have had ruminations related to their
infants well-being while performing the ICT (186).

Importanty, this study compared for the first tme the early psychophysiological stress responses of mothers with
and without fraumatc childbirth. Findings showed that the group at risk of CB-PTSD had higher perceived stress
and altred ANS and HPA actvaton compared to non-raumatised mothers, while controling for the infant
perceived life treat Hence, this suggests that the nature of the perceived life threat ie., whether the mother
perceived danger for her or her infant impacts diferenty the early postparum psychophysiological stress
mechanisms, which could play a major role in CB-PTSD development (91, 92). Given that admission to neonatal
intensive care was shown o be a predictor of CB-PTSD (19), tis result is not surprising.

The last study of this thesis (Study 3) investigated for te first ime the distinct associations between different, but
comorbid, maternal mental health dificulies (postpartum depression, anxiety, and CB-PTSD) and infant sleep in
the frst year postpartum. As expected, significant associations between symptoms of maternal postpartum
depression or anxiety and infant sleep were observed, which is in line with previously reported findings (120, 138).
In addiion, maternal CB-PTSD symptoms were associated with infant nocturnal sleep duration but not with night
waking, contrary to our expectatons. Hence, CB-PTSD-specific mechanisms associated with infant sleep may be
difierent from the ones linked to postpartum depression or anxiety. Since an alteration of the infant percepton was
observed in mothers with CB-PTSD symptoms (62), mothers experiencing symptoms of CB-PTSD may have biased
beliefs concerning the expected number of their infants night waking, which might, in turn, afiect their reporting.
Nonetheless, tis remains to be explored in future studies.

The lack of associaton between CB-PTSD symptoms and night waking may be related to te infant acting as a
trauma reminder and thus triggering re-experiencing symptoms in mothers (19, 62). As a consequence, CB-PTSD
avoidance symptoms may manifest in mothers in the form of infant-related avoidance, resuling in their parer
faking over (19, 62). This is supported by findings showing that mothers with a probable CB-PTSD diagnosis had
less desire for closeness o their infant (62). Also, infant-directed hostlity and diminished pleasure when interacting
with their infant were observed in mothers with CB-PTSD symptoms (62). However, this remains hypothetical, as
we did not measure partner involvement

One of Study 3'simportant findings was the identification of three types of maternal mental health symptom profiles
occurring in the first year postpartum, i.e., the depressive, birth trauma, and anxious profiles. The depressive profile

was defined by symptoms of low mood, anhedonia, problems in concentrating, culpability, anger, irritability, social
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detachment, and selfdestruction. The second profile, which is the birth frauma profile, was composed of birth-
related symptoms, such as birth-related intrusive memories, avoidance, and negative mood and cognitons. Lasty,
the anxious profile refected symptoms of abnormal or constant worries, infant-unrelated sleep dificulties, panic,
and scare. Hence, the depressive and anxious profles contained symptoms of postpartum depression, anxiely,
and CB-PTSD. Onthe contrary, the birth trauma profle was only composed of birth-related symptoms of CB-PTSD.
As suggested by previous findings (10), this may indicate that postpartum depression, anxiety, and CB-PTSD are
not completely distinct childbirth-related phenotypes. Considering the high comorbidity of postpartum depression,
anxiety, and CB-PTSD (7, 10, 54, 56), appraising maternal symptomatology via a holisiic approach instead of
mental health clinical classifications can be relevant for both clinical and research purposes.

Finally, one of the main interests of Study 3 lays in the study of the distinct influences of these maternal mental
health symptom profiles on infant sleep. First of all, the associaton between the depressive profile or the anxious
profle and infant sleep was mediated by maternal perception of infant negative emotionality (i.e., a dimension of
infant temperament), but only for some specific infant ages and maternal educatonal levels. Both maternal
symptoms of postpartum depression and anxiety have been reported to be associated with maternal perception of
infant negative emotionality (187, 188). It was also shown that depressed mothers tended to report more hostile
feelings towards teir infant and to have a more negative perception of their behaviour in comparison with controls
(189). As a consequence of their infant negative perception, depressed or anxious mothers may have adopted a
less atuned behaviour towards their infants needs, impeding the acquision of self-regulaton competencies that
are associated with good infant sleepers (190). Therefore, as reflected by te high correlaon between the

depressive and anxious profiles, the mechanisms involved in the associaions between maternal depressive or
anxiely symptoms and infant sleep may share similariies.

The association between the depressive profle and infant nocturnal sleep duraton was mediated by maternal
perceplion of infant temperament, only when infants were aged 6 to 9 months. From a clinical point of view,
paediatricians consider that 6-month olds should sleep at night (191). According to qualitatve observations,
mothers with elevated depression symptoms and concerns regarding their infant needs at night tended to adopt
specific infrusive behaviours that could prime infant nocturnal waking resulting in shorter nocturnal sleep duraion
(e.g., nursing the infant when they are not hungry, picking them up while they are asleep) (138). The primary aim
of these intrusive behaviours of depressive mothers would be to satisfy maternal emotional needs, instead of infant
needs (138). In addion, the cessation of breasteeding potentally occurring around this age (i.e., the prevalence
rate of breasteeding were reported to fall from 60% at 2 months postpartum, to 42% at 6 months postpartum, and
24% at 12 months postpartum (192)) may also be an explanation of this result Since breastieeding is ofen used
as a soothing method (191), one canassume that depressed mothers who had a negative perception of their infant
temperament may have been in dificuly comforting their infant other than with maximal maternal support (191),

which then have impacted nocturnal sleep duration, since infants do not acquire self-regulaion competencies (144).
Nevertheless, these hypothetical explanations remain to be tested.
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The maternal perception of infant negative emotionality also mediated the association between the anxious profile
and night waking, only for infants of 3 to 6 months old or when the maternal educational level was high. A high
educational level provides information on the socioeconomic environment (193), which, according to the
transactional model of infant sleep and parenting, is associated with parental cognions and style that are related
fo infant sleep (144). Future researchwould be needed o investgate in more detail the effect of the socioeconomic
environment on the association between maternal anxious symptoms and infant sleep.

Regarding the moderation eflect of the infant age, some evidence showed that, in comparison with controls, infants
of 4 months old having a mother with a panic disorder woke up more often (194). In addion, these mothers
interacted with their infant less sensitively and adopted parenting behaviours that may impede infant sleep (e.g.,
more nightime feeding) (194). Since the self-regulated sleep period stabilises around 4 months (141), one can
assumethat, between 3 and 6 months, infants of our sample started to resume sleeping at night without crying. As
a consequence, mothers with an anxious profle and a negative infant perception may have adopted, in reacton to
this new sleep rhythm, behavioural hypervigilance towards their infant (e.g., checking on the infant if they had not
cried for a while to ensure they are healthy). Such infrusive maternal behaviours may therefore have disrupted
infant sleep (120). The assumption that infrusive maternal behaviours at night firsty aimed to address maternal
anxiety and not infant needs was also postulated by others (138).

Interestingly, the maternal perception of infant temperament did not mediate the associaton between the birth
trauma profle with infant sleep. Therefore, Study 3 suggests that difierent mechanisms are involved in the
associatons between maternal mental health and infant sleep, depending on the nature of the experienced
maternal symptoms. This result echoes recent findings showing that mother-infant bonding was not associated with
birth-related symptoms of CB-PTSD, but was with general symptoms of CB-PTSD and postpartum depression
symptoms (131). Therefore, the diflerent dimensions of CB-PTSD (i.e., birth-related symptoms and general
symptoms) may have a specific influence on infant outcomes (131). In addion, according to te transactonal
model of infant sleep and parenting, maternal cognitons linked o infant sleep influence their sleep-related
behaviour, which in turn impacts infant sleep (144). Our results, though, could not confrm that the associations
between maternal mental health symptom profiles and infant sleep were mediated by an interactve method to fall
asleep.

3.2. Clinical implications

Early evidence-based interventons to prevent CB-PTSD are currenty lacking (9, 27, 70). Nevertheless, this
literature gap may be addressed by START, since its primary aim is o examine the efects of an early brief
behavioural interventon inclusive of the computer game Tetris on maternal CB-PTSD (Study 1). Hence, if this RCT
can replicate previous findings (15), results would change the current clinical guidelines for mothers afler raumatc
childbirth. Given that this early brief behavioural intervention does not interrupt rouine postpartum care and does

not require a mental health professional, its implementation in maternity units should be facilitated, as reported by
others in an emergency department (90).
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Study 1 should also provide substantial knowledge on the consequences of raumatic childbirth on various aspects
of family health outcomes within the 6 months postpartum, as well as on the third pathway of the intergenerational
transmission of stress and frauma, which is currenty limited (52). Hence, risk factors, but also protectve factors,
are examined. For example, lack of post-trauma social support was shown to be one of the strongest predictors of
PTSD symptom severity in populaiions tat experienced other raumatic events (195, 196). On the contrary, high
levels of social fes and social support could promote and bufler both psychological and physical health (197).
Although a social model of PTSD has recenty been developed, mechanisms involved between social support and
(CB-)PTSD require more investigation (198). Another factor worthy of further studies is the quality of the couple
relaonship. Investgating the protecive role of couple relatonship could be valuable to shed light on the
mechanisms involved in the intergenerational transmission of stress and trauma, since it was shown o influence
child development (199). Hence, START could stmulate evidence-based interventions to support early childhood
development in the context of parental CB-PTSD.

Findings of Study 2 demonstrated tat, in comparison with confrols, raumatsed mothers showed diflerent
psychophysiological stress mechanisms at wo to three days posfpartum already, when confroling for infant
perceived life treat Although more research is needed, these results provide preliminary evidence tat some
physiological indicators could be used o identfy mothers at risk of CB-PTSD rapidly after childbirth. According to
the model of intergenerational transmission of stress and trauma, maternal biological changes resulng from
traumatic stress exposure may interfere with early postatal care and thus impede appropriatt mother-infant
interactions (128). Early detection of mothers at risk of CB-PTSD is therefore primordial to prevent intergenerafional
transmission of stress and rauma-related consequences.

Although Study 3 reported that maternal postpartum depression, anxiety, and CB-PTSD symptoms were predictors
of adverse infant sleep outcomes, the clinical efects were small. For example, for every one unit increase in the
EPDS total score (refecting maternal postpartum depression symptoms), there was a decrease of 2.51 min of
nocturnal sleep. Parents should helpfully be told that night waking is observed in mostinfants and children (144,
157). In comparison with fathers, mothers tend to set fewer limits, which in turn restricts the infant's ability to learn
selfsoothing with minimal parental support (190). Currenly, mechanisms involved in the associations between
depressive or anxious profles and infant sleep are not clear. For example, the direction of the associations between
maternal mental health symptoms and infant sleep are unknown due o the cross-sectional design of this study
(144). However, our findings suggest that tackling negative maternal perception of their infant temperament could
be a key therapeutc element Hence, future infant sleep interventions should focus on reviewing and modifying
maternal perception of infant negatve emotionality.

3.3. Theoretical implications of the thesis and research perspectives

The findings of this thesis confribute to a betler understanding of the family outcomes after raumatic childbirth.
Figure 7 displays the adapted theorefical model of family outcomes afler fraumatic childbirth, according to the
scientfic contribuons made by the current work. This tesis investigated the nature of the perceived life threat
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during childbirth, maternal physiological stress reactivity, maternal psychological vulnerability, infant sleep, and
maternal-infant interactive context (previously called maternal-infant interactions).
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Figure 7. Adapted theoreical model of family outcomes after raumatic childbirth based on Sandoz et al. (159). All

the relations are investigated in Study 1, but only dashed lines represent the ones studied in Study 2 and Study 3.
Bold variables displayed in the model were added following the findings of this thesis.

This thesis also hypothesised that the associaton between maternal psychological vulnerabiliies and infant sleep
(represented in the model with infant development) was mediated by the parent-infant interactive context between.
Study 3 concluded that maternal depression, anxiety, and CB-PTSD sympioms were predictors of less infant
nocturnal sleep duraton. While associatons between postpartum depression, anxiety, and infant sleep were
already reported in literature (150), this was the first ime that an associaton between symptoms of CB-PTSD and
a dimension of infant sleep was demonstrated within the first year postpartum. However, contrary to postpartum
depression and anxiety symptoms, we could not confirm that CB-PTSD symptoms predicted infant night waking.
Given that the maternal perception of infant negatve emotionality mediated the associations between adverse

sleep outcomes and maternal depressive or anxious profiles, we could partally confrm the hypothesis that the
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psychological vulnerability to infant sleep link was mediated by the parent-infant interactve context In additon,
findings of this thesis suggest a moderating role of intrinsic infant factors (e.g., infant age) and socioeconomic
factors (e.g., maternal educational level). Therefore, these two components were added to the theoretical model.

As previously mentioned, the results of this thesis reinforced some associations postulated by the theoretical model
of amily outcomes after traumatic childbirth. However, they also raised other scienfific questions or remaining gaps
in the literature that warrant further investgations. First of all, assuming START results will be conclusive (Study
1), the next step would be o conduct an implementation study. Indeed, given that it requires 17 years for evidence
fo be implemented info clinical care, and that only 14% of evidence is implemented, it is primordial to make sure
that families can take advantage of this intervention rapidly (200, 201). In addiion, research would be needed to
formally evaluate the costs of such an early brief evidenced-based interventon inclusive of a visuospatial task and
its subsequent savings (90). Furthermore, there is valid reason to assume that this early brief behavioural
intervention inclusive of a visuospatial task could be eficient in parters, since they are also at risk of developing
CB-PTSD afier taumatic childbirth (13, 14, 16, 29, 39-49). Addifonal research is, therefore, necessary to
investigate the impact of this intervention on partner CB-PTSD symptoms.

Future research would also be required to evaluate if the 6 hours consolidation window can be extended. Indeed,
one of the frequent reasons for mothers to decline participation in START is because they are exhausted and prefer
to rest There is, therefore, a clinical argument for this research question. From a theorefical point of view, memory
consolidaton is a continuous processing, which progressively fades over ime (79). Hence, receiving te
intervention slightly later than 6 hours postpartum may stil take place during the memory consolidaion window,
and therefore, be eficient Further, given that mothers are stil hospitalised and receiving care during the acute
postpartum period, the hospital context may provide an ongoing in vivo cue, keeping the traumatic memory
malleable (15, 202, 203).

Regarding the LICSP, perinatal stress research has now a validated and standardised stress paradigm to
investigate the physiological stress mechanisms potentally involved in the development of maternal CB-PTSD,
opening, therefore, many avenues of research. Certainly, the procedure would first benefit from further adaptatons,

including a revision of the baseline conditions to allow an appropriate measure of HPA activaton and an adjustment
of the psychosocial stressor of the stress phase to induce moreacute physiological stress reactivity.

According o our results, the infant perceived life threat during childbirth seems to play a specific role in the early
physiological stress mechanisms, potentially involved in CB-PTSD development Therefore, future research should
examine whether the maternal perceived life threat for herself and/or the infant has a differential or cumulatve
influence on the CB-PTSD development The perceived life threat for a loved one, such as one’s infant, is a
characteristic of raumatic childbirth, as also shown by associations of infant hospitalizaton or low 1-min Apgar
score with parental CB-PTSD (19, 42). Therefore, one could assume that early physiological stress mechanisms
potentially involved in CB-PTSD may differ from the ones implicated in PTSD, since other types of fraumatic events
usually involved a perceived life threat for oneself (e.g., sexual assault). If tis hypothesis is confrmed with future
research, this would support the proposiion that CB-PTSD represents a subtype of PTSD (18).

32



In addiion, to assess the predictability of the LICSP on CB-PTSD, longitudinal studies must be conducted to help
to identfy risk factors, to clarify mechanisms underlying the development of CB-PTSD, and to highlight mental
health biomarkers (104). Moreover, research examining the evoluion of both physiological stress responses of
traumatsed mothers and their infant at birth and later on could shed light on the mechanisms underlying the
intergenerational transmission of stress and frauma.

Regarding infant sleep, aetiology of its associaion with maternal mental health is not clear, despite the large body
of evidence showing a link between maternal depression or anxiety symptoms and infant sleep (120, 138, 142,
149-151). The transactional model of infant sleep and parenting reports evidence for bidirecional associations
(143, 144). However, due fo various methodology and inconsistent results in literature, the causal associations or
the direction of prediction between maternal mental health and their offspring’s sleep stil need to be clarified (126,
138, 144, 204-206). One could hypothesize that, first, these associations are parent-driven, and when infant sleep
problems become chronic and prolonged, they are infant-driven, resuliing in bidirectional associations (137, 138,
207).

Additonally, according to the adapted theoretical model of family outcomes afier traumatic childbirth, future
research should investigate the mechanisms underlying the associations between maternal mental health symptom
profiles, infant sleep, maternal perception of infant negative emotionality, socioeconomic factors, and infrinsic infant
factors. Given that maternal CB-PTSD symptoms at 2 months postpartum were recenty prospectively associated
with child sleep at wo years postpartum (126), this indicates that the consequences of the intergeneraional
transmission of stress and trauma on infant sleep may only appear after the first year postpartum. Future research
examining infant sleep should also integrate physiological and psychological measures in both parents during
pregnancy and postpartum, and use objective measures for sleep, such as an actigraphy (144).

Finally, a crucial aspect of this thesis relates to the maternal subjective perception of their infant, whether it is infant
perceived life threat during childbirth, or their temperament, supporting the importance of considering mothers as
a component of a whole family. Mothers are not only women, they also are both caregivers interactng with a
growing infant and co-parents usually involved in a romantic relatonship. In line with this, an editorial recenty
argued for the extension of the focus of perinatal mental health in mothers o the family context (51). Authors
examined the role and implicatons of the perinatal context for parental mental health, couple relationship, child
parenting, and parent-child relafionship through a Research Topic of 29 arficles (51). Besides encouraging future
research on protective factors and posifve outcomes with various types of populaton (e.g., families in low- and
middle-income countries or LGBTQIA+ families) and partner-sensive measures, the importance of conducting
studies with dyadic and triadic designs was also strongly highlighted (51). Therefore, it is primordial for future
research to consider the family as a whole and to develop study design accordingly, as this was done in Study 1.

3.4. Strengths and limitations of this thesis

This thesis demonstrates several strengths. First of all, it is innovative. Study 1 tackles an important literature gap

(27, 70). Hence, START will provide crucial knowledge on an early evidence-based interventon to prevent CB-
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PTSD. In addition, it considers the family as a whole, which is the exception rather than the rule in literature (51,
52). START findings will allow a global understanding of the mechanisms involved in the intergenerational
transmission of stress- and frauma-related consequences. Moreover, the validaion of a new maternal stress
paradigm for the early postpartum period also represents an important innovation for perinatal stress research, as
exposed in Study 2. For the first ime, maternal stress reactivity in the first days following childbirth was studied and
altered psychophysiological stress reactivity in mothers at risk of CB-PTSD, when controlling for the infant perceived
life threat, could be observed. Finally, Study 3 adopted an innovatve approach to examine the associatons
between maternal mental health dificulies and infant sleep by studying mental health symptom profiles instead of
mental health clinical classifications.

The second strength of the current work lies in the methodological rigour adopted throughout the studies. Study 1
reported the main recommended information when publishing a study protocol for a clinical frial (208), whereas
Study 2 and Study 3 followed the STROBE reporting statements (209). Further, all studies used validated self-

report questonnaires. Study 1 was based on a muli-method assessment self-report questionnaires, clinical

interviews, clinical observations, and physiological measures. Concerning Study 2, validated physiological stress
measurements, such as salivary cortisol or HRV parameters, were used. Finally, Study 1 assessed important
cofounders whose infuence on CB-PTSD development and the intergenerational fransmission of stress and rauma
were highlighted in literature (e.g., postparum and antenatal depression symptoms, acute stess disorder
symptoms, or history of raumatic event) (14, 32, 52). Furthermore, both Study 2 and Study 3 take info account
important variables that could influence their findings (e.g., infant perceived life threat, maternal educational level,

and infant age). The validity of the results is, therefore, enhanced.

The third strength relates to the fact that the current work is theory-driven (210). Thus, given that the theoretcal
framework, which this thesis relies on, is derived from empirically validated theories, drawn conclusions are very
likely to be meaningful and generalizable (210). As a result it allows a relevant and scholarly contribuon to
knowledge on the consequences of raumatc childbirth on the whole family (210, 211).

Fourth, this thesis used appropriate statistical analysis techniques in close collaboraton with a statistcian. Study 2
used ART ANOVA, which is a nonparametric factorial analysis, instead of performing a two-way repeated measure
ANOVA with violated assumptions that inflates Type | error rates (212). Advanced analyses including moderators
and mediators were performed in Study 3. As a consequence, te potential insights that could be gained from each
study were maximised.

Finally, this thesis addresses a tmely topic and has important clinical and research implications. For several years
now, interest in fraumatic childbirth and its consequences has increased, as demonstrated by the growing number
of works published on this topic during the last few years. Indeed, PubMed research including the MESH terms
"Stress Disorders, Traumatic" and "Parturiion" showed tat from 2003 to 2013, only 7 articles were published on
average per year, whereas from 2014 to 2020, there was a mean of 24 published papers each year (213). In
additon, as previously mentioned, tis thesis opens the path to relevant clinical and research perspectives, which
are described in secfion 3.2 and section 3.3.
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Nonetheless, some limitaions must be pointed out The first limitation of this thesis concerns study populations.
Due o ethical considerations, the eligibility criteria of Study 1 and Study 2 make the samples less representaive

of the complete high-risk populaton. For example, mothers with an infant hospitalised in neonatal intensive care
were excluded despite it being a risk factor for CB-PTSD development (19). Since advertisement for Study 3 was
mainly made on social media, a self-selection bias cannot be excluded. Hence, mothers with an interest in their
mental health and/or infant development might have been more likely to engage in the survey, potentially
decreasing the external validity of the results.

A second limitaion of this thesis relates to the imeframe. In Study 1, both parental and infant outcomes are only
assessed up to 6 months postpartum, although this is due to the funding structure. While Study 3 includes
measurements up fo 1 year postpartum, a full understanding of the parental frauma-related impact on child
development may need a longer follow-up for associations to unfold (124, 126).

Thirdly, the absence of longitudinal designs in Study 2 and Study 3 is an important limitaton. A cross-sectional

design prevented us from investigating the predictive role of psychophysiological stress reactvity in maternal CB-
PTSD development in Study 2, and no prospective association could be studied in Study 3 (144).

Finally, Study 2 and Study 3 did not examine the protective role that some factors could play on stress reactivity or

infant sleep. For example, examining the role of social support or the quality of the couple relaionship on stress
reactivity or infant sleep could have been interesting. Indeed, social support was reported to moderate the eflect of
TSST (167), potentially indicating that early evidence-based preventon could integrate a social support component.
Besides, couple relafonship was shown to influence child development suggesing once more that perinatal
research must include all family members (199).
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4. General conclusion

This thesis aimed to fill someliterature gaps concerning maternal, pariner, and infant outcomes following traumatic
childbirth based on the theoretical model of family outcomes after traumatic childbirth (159). Firsty, it addressed
the lack of early evidence-based interventions to prevent maternal CB-PTSD (27, 70) with START (Study 1). In
additon, START also examines the eflects of this intervention on partner health outcomes and the intergenerational
transmission of stress and frauma. Given this RCT is stil ongoing, results could not be discussed. If START is
conclusive, findings will improve our understanding of suchan early interventon on maternal CB-PTSD symptoms,
but also on other family outcomes.

Secondly, this thesis validated a new standardised stress paradigm, namely the LICSP, for the early postpartum
period, allowing for the frst time to examine early maternal physiological stress reactivity (Study 2). This cross-
sectional experimental study showed that traumatised mothers had aliered ANS and HPA reactvity, when
controling for the infant perceived life threat, already at two to three days postpartum. While replication and revision

of the LICSP are needed, these results are promising for the future development of an early screening of mothers
at risk of CB-PTSD.

Finally, this thesis examined associafions between postparum maternal mental health and infant sleep, with the
main focus on the distinct eflects of diflerent, but comorbid, maternal mental health symptom profiles on infant
sleep, while taking into account theory-driven mediators and moderators (Study 3). When including mediators and
moderators, no significant associaton was observed between birth frauma symptoms and infant sleep, suggesting
that the consequences of the intergenerational transmission of stress and rauma may unfold later on. Inversely,
this online cross-sectional study could confrm the mediation eflect of the maternal perception of infant negatve
emotonality on the influence of maternal depressive and anxious symptom profles on adverse infant sleep
outcomes. The maternal educational level or infant age moderated these associations. The findings suggest that
maternal perception of infant ttmperament is a key therapeutic element and mustnot be neglected in mothers with
mental health symptoms.

In sum, the scholarly contributions of this thesis pave the way for new research questions. Future studies should
focus on the investgations of early physiological stress responses to develop a screening intervention identfying
mothers at risk of CB-PTSD, the role of the nature of the perceived life threat in CB-PTSD development, the
direction of the associations between maternal mental health symptom profiles and infant sleep outcomes, as well
as the influence of intrinsic infant, socioeconomic factors. To conclude, given that mothers, partners, and their infant
are interconnected components of a system, it is equally primordial for future research to adopt friadic study designs
fo investgate the aflermath of raumatc childbirth.
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5. Outputand contribution to science

The Lausanne Perinatal Research Group, which | am part of, is a mulidisciplinary research group composed of
psychologists, midwives, nurses, and graduate students, which collaborate closely with perinatal clinicians, such
as obstetricians, neonafologists, paediatricians, or child psychiatrists. Although the main part of my PhD was linked
to the START coordination, | was pleased to have the opportunity o be involved in other research projects led by
both research colleagues and clinical collaborators during the last few years, as shown in my publication list (section
7). In addion, | increased my clinical skills through frequent contact with participants: | frained for the Neonatal
Behavioral AssessmentScale (214), the Bayley Scales of Infant Development (215), the CAPS-5(50), and the
Stuctured Play Interacton Scales (216-218). Co-coordinaiing a RCT allowed me to co-supervise a team of
psychological and nursing students and psychologists (Appendix G), to develop a scientfic rigour, to gain
experience in good research practice, to work for and in a muldisciplinary team, to be resilient to unexpected
events, and therefore, to be creative o find solutions. During my PhD | successfully co-supervised three master
theses, which taught me how to constructvely and eficienty provide feedback (Appendix G). In addition, | took
various public and scientiic engagements (Appendix G). For example, | was actively involved in the Early Career
Researchers secton of the Sociely for Reproductve and Infant Psychology or in the establishment of the
Interdisciplinary Academy for Early Childhood Researchers of the Swiss Society for Early Childhood Research.
Moreover, | had the opportunity o present my work at various national and international conferences (Appendix
G), which helped me to be more confident in my research and to speak with more ease in front of an audience. |
also talked about the mental health of parners in the perinatal period on the YouTube channel of Le Fou de
Normandie. Last but not least, | partcipated in Ma these en 180 secondes, and | won the public prize, showing

once more the increasing interest in raumatic childbirth and its consequences on the family.
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https://www.youtube.com/watch?v=Y5DAcO6qTTU
https://www.youtube.com/watch?v=Y5DAcO6qTTU
https://www.youtube.com/watch?v=kTshanZJy3E
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ABSTRACT

Introduction: Emergency caesarean section (ECS) qualiies as a psychological trauma, which may result in
postatal postraumatc stress disorder (PTSD). Maternal PTSD may not only have a significant negative impact
on mother-infant interactions, but also on long-term infant development The pariner’s mental health may also affect
infant development Evidence-based early interventons 1o prevent the development of postparum PTSD in
mothers are lacking. Immediately after a raumatic event, memory formation is vulnerable to interference. There is
accumulating evidence that a brief behavioural intervention including a visuospatial task may result in a reduction
in infrusive memories of the rauma.

Methods and analysis: This study protocol describes a double-blind muli-centre randomised controlled phase II
trial testing an early brief maternal interventon including the computer game "Tetris" on infrusive memories of the
ECS trauma (1 week) and PTSD symptoms (6 weeks, primary outcome) of 144 women following an ECS. The
intervention group will carry out a brief behavioural procedure including playing Tetris. The attenton-placebo control
group will complete a brief writen activity log. Both simple cognitive tasks will be completed within the first 6 hours
following traumatic childbirth. The intervention is delivered by midwives/nurses in the maternity unit The primary
outcome will be diferences in the presence and severity of maternal PTSD symptoms between the intervention
and the attention-placebo control group at 6 weeks postpartum. Secondary outcomes will be physiological stress
and psychological vulnerability, mother-infant interaction, and infant developmental outcomes. Other outcomes will
be psychological vulnerabilty and physiological regulation of the partner and their bonding with the infant, as well

as the number of intrusive memories of the event

Ethics and dissemination: Ethical approval was granted by the Human Research Ethics Commitiee of the Canton
de Vaud (study number 2017-02142). Dissemination of results will occur via national and international conferences,

in peer-reviewed journals, public conferences, and social media.

Trial registration number: clinicaltrials.gov (NCT 03576586)
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ARTICLESUMMARY
Strengths and limitations of this study

e This muli-centre RCT will test the eflects of an early brief behavioural interventon carried out by
midwives/nurses on the labour ward.

e The primary outcome will be the presence and severity of maternal PTSD symptoms at 6 weeks.

e The early brief intervention, conducted in the same hospital where the raumatic event occurred, includes
a visuospatial task aimed at competing with sensory aspects of the fraumatic memory before it has been
fully consolidated.

e Methodological rigour, including a double-blind design, an active confrol group, concealment of random
allocation, regular monitoring, and prospective trial registration, limits risk of bias.

e Someoutcomes are measured with self-report questionnaires, which may induce a social desirability bias.

o8



ABBREVIATIONS

ANS: Autonomic Nervous System / ASD: Acute Stress Disorder / ASDS: Acute Stress Disorder Scale / BSID-III:
Bayley Scales of Infant Development, 3¢ Ediion / CAPS: Clinician-Administered PTSD Scale for DSM-5/CAR:
Cortisol Awakening Response / CRIB: Clinical Risk Index for Babies / EAS: Emotional Availability Scales / ECG:
Electrocardiography /ECS: Emergency Caesarean Section / EPDS: Edinburgh Postnatal Depression Scale / FFSF:
Face-to-Face Stil-Face paradigm / HADS: Hospital Anxiety and Depression Scale / HPA: Hypothalamic-Pituitary -
Adrenal / HRV: Heart Rate Variability / IBls: Interbeat Intervals / IBQ-R: Infant Behavior Questionnaire-Revised /
MEQ: Morningness-Eveningness Questionnaire /MIBS: Mother-to-Infant Bonding Scale / M OS-8: Modified M edical
Outcomes Study Social Support Survey /NBAS: Neonatal Behavioural AssessmentScale / PCL-5: PTSD Checklist
for DSM-5/ PDPSI: Post-delivery Perceived Stress Inventory / PPSI: Postnatal Perceived Stress Inventory / PSI-
SF:Parenting Stress Index - Short Form / PSQI: Pitisburgh Sleep Quality Index / PSQI-A: Pitisburgh Sleep Quality

Index Addendum / PTSD: Post-Traumatic Stress Disorder / RCT: Randomised Controlled Trial / RDAS: Revised
Dyadic Adjustment Scale / START: Swiss Traumatic Birth Trial
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INTRODUCTION
Childbirth and PTSD

Though childbirth is a common and often fulfiling event, one third of mothers rate teir childbirth as traumatic(1).
Childbirth can meet diagnostic criteria for a fraumatic event, if women perceived teir life and/or te life of their
baby to be in danger(2). Postraumatic stress disorder (PTSD)related to childbirth is diagnosable in around 3-4%
of women(3, 4). PTSD consists of four symptom clusters (infrusions, avoidance, hyperarousal, and negative
cogniions and mood) and can be diagnosed atleast one month after the traumatic stressor occurred(2). Comparing
difierent modes of childbirth, obstetric complications, suchas emergency caesarean secfion (ECS) produce higher
rates of postatal PTSD (19-39%)(3). ECS is arelatively frequent event, and there is thus a need to better identify
and support women who are vulnerable to developing PTSD following an ECS.

Postatal PTSD can significanly influence the experience of subsequent pregnancies, with increased risk of
maternal stress and its associated risks of intrauterine growth refardation, premature birth and low birth weight(5-
7). It can lead to a fear of subsequent pregnancy and childbirth, sexual problems, and avoidance of medical care(8,
9). Postnatal PTSD can also have important negative consequences for breastieeding, the attachment relations hip
with the baby and mother-infant interactions, with a subsequent detrimental impact on the development of the child,
as well as for the couple relaionship(7, 10-13). PTSDis also highly co-morbid with depression, for which there is
substantal evidence of long-term negative efiects on child development and behaviour(14-16). Estmated economic
costs of perinatal mental health problems are about £8.1 billion for each one-year cohort of UK births, of which 72%
relate to adverse impacts on the child rater than the mother(17). In Switzerland, 16.7% of women in the perinatal
period used mental health services(18). New and innovative evidence-based interventons are therefore needed to
reduce those costs by preventing the development of postnatal PTSD(19).

To date, research investgating PTSD symptoms in parters following ECS is missing. Moststudies on partners so
far have focused on postnatal depression reporting that 1-8% experience depression symptoms in the first 6 weeks
and 5-6% at 3-6 months following childbirth without complications(20-22), with increased risk following high risk
situaions(23). In one study, 5% of partners reported severe infrusions and avoidance symptoms at 9 weeks
postpartum(24). Although the influence of partner mental health is understudied, it also seems to negatively impact
child outcomes(25-27). Thus, partner mental health needs to be betier understood not only in order to help the
pariner but also to support family and child outcomes.

Physiological stress responses associated with PTSD

Traumatc exposure activates the hypothalamic-pituitary-adrenal (HPA) axis, a cascade-like
hormonal system resuling in the release of cortisol from adrenal cortex cells in body fuids. In parallel, the organism
activates the more rapidly mobilizing autonomic nervous system (ANS) resuling in the release of norepinephrine
from nerve terminals of the sympathetic nervous system as well as epinephrine and norepinephrine from the
adrenal medulla(28). While the HPA axis shows the above stress-related reactivity, it also shows a basal actvity

with circadian variafions in the respective hormones. For instance, cortisol peaks 30-45 minutes after awakening
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(the so-called CAR: cortisol awakening response) and gradually declines throughout the day with lowest levels
early during sleep(29, 30).

Specific paterns of HPA axis functioning have been shown in PTSD(31) although this has so far not been studied
after traumatc childbirh. While studies indicate that individuals with PTSD show different patierns of HPA axis
functioning to those without PTSD, there is litle consistency in the specificity of these patierns(32-38). A meta-
analysis examining diurnal cortisol levels in adults with PTSD showed that low cortsol levels were not related to
PTSD in general, but rather to frauma exposure and co-morbidifies(39). Finally, a recent study in a postatal
populaton found a negative associafon between symptoms of re-experiencing and diurnal corfisol slopes in
mothers of preterm children(40). Concerning cortisol reactviy to a subsequent stressor, again, results are
discrepant(41, 42).

Although HPA axis reactvity following stress or rauma is tought to be adaptive, acute or chronic exposure o
stress has been shown fo have deleterious eflects(43, 44). It may not only result in dysfunctions of HPA re-activity,
but also in health-relevant changes in the basal activation of this system(45). Overall, these studies show the strong
implicaion of the HPA axis dysregulaton in the development and maintenance of PTSD, although studies in
postnatal populations are scarce.

Reduced heart rate variabilty (HRV), an indicator of autonomic flexibility, has been found to be related to
psychopathological processes(46). Individuals with PTSD show lower levels of HRV in comparison with frauma-
exposed individuals without PTSD or healthy controls(47, 48). However, the relatonship of PTSDand HRV has so
far not been studied in a postatal population.

Sleep in PTSDis also disrupted. Sleep disturbance (i.., dificulty faling or staying asleep) and recurrent distressing
dreams are both diagnostc criteria for PTSD(2), with 70-91% of patients with PTSD suffering from subjective sleep
disturbances and 19-71% reporting nightmares(49). Findings from experimental researchindicate that sleep on the
first night after rauma may be important for the development of subsequent intrusive memories of the index trauma.
One study found that fotally sleep deprived participants reported fewer intrusive memories after a laboratory
stressor compared to those who slept(50), though findings are mixed(51-53). Thus, it is important to assess sleep
over ime following areal world raumatic event, such as following an ECS. To date, no studies to our knowledge
have examined sleep in postpartum PTSD.

Maternal PTSD and infant physiological stress responses

Maternal PTSD and its associated dysfuncton of the HPA axis can also impact on the stress regulaion of the
offspring(54-63), such as the infants HPA secretion paterns(64-66). A growing body of neuroendocrine research
supports the notion that an altered maternal HPA axis functioning plays a role in the intergenerational fransmission
of stress-related psychopathology from parents(67, 68). Overall, findings suggest that PTSD symptoms and cortsol
levels in mothers are important to assess, prevent and/or freat as they may affect the relationship with the infant(69-
72) and impact the child's later regulatve abiliies(54). Some authors have suggested low maternal cortsol as a
possible mechanism contributing to the mother’s dificulty in sensitvely atuning to her infanfs cues, which in turn
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impacts on the infants reactvity to and recovery from a stressor(73-78).

In contrast, studies assessing the role of ANS in te intergeneratonal fransmission of stress in the postpartum
period are so far scarce. Lieime maternal psychopathology and maternal postatal psychopathology have been
found o be related with reduced HRV of their infants(79). Furthermore, mothers with anxiety symptoms during
pregnancy and their infants showed lower HRV(80) and there was a higher sympathetic activation in children of
mothers with abuse histories(81). However, to our knowledge none of the previous research has investigated the
autonomic functioning in offspring of mothers with PTSD.

Developing an early intervention inspired by behavioural and cognitive neuroscience

To date, there is a lack of evidence-based early interventions for women following a traumatic childbirth(82). Atthe
heart of PTSD are intrusive memories of the fraumatic event, in which the person re-experiences aspects of the
traumatic event, inficng significant distress(2). They have also been indicated as a precursor to the disorder(83).
Intrusive memories of rauma comprise sensory-perceptual images that are proposed to occur due to excessive
perceptual (sensory) processing during a frauma(84).

The way in which individuals process a fraumatic event influences their later intrusive memories of the frauma.
Evidence from lab-based experiments have demonstrated that a brief behavioural intervention including a reminder
cue, mental rotaion and a visuospatial task (Tetris) can signifcanty reduce the frequency of intusive images
following exposure to traumatc fim material(85, 86). One study showed that individuals who were instructed to
engage in conceptually-driven processing, relatve to those engaged in sensory-based, data-driven processing,
reported more infrusive memories fo a fraumatc fim(87). It has been hypothesised that tasks which interfere with
data-driven processing, such as sensory-perceptual, visuospatial tasks, may reduce the occurrence of infrusive
memories of an index event(85, 86). Visuospatal cognive tasks, such as the computer game Tetris, are thought
to compete for resources with visuospatial images(88). Studies of memory consolidaton have shown that human
memories are likely 1o stil be malleable within 10 min to 6 hours, at which point the memoryis tought to stabilise
consolidation, making it more resistant to interference from a competing memory(89-91). This indicates that such
a working memory task may be most beneficial if delivered within approximately the first 6 hours following a
traumatic event (see(92) for a review).

Two recent translational studies presented preliminary evidence for the eficacy of a brief interventon (including
Tetris) in reducing the number of fraumatic infrusive memories (over 1 week post-trauma) in patients arriving at an
accident and emergency department (vs. atienion placebo)(93) or in women in the first hours following ECS, the
latter when compared with a treatment-as-usual control group(4). In the later study, per protocol analyses also
showed significanty lower re-experiencing symptoms at 1 week and lower rates of PTSD diagnosis at 1 month
following ECS (secondary outcomes)(4).

Aims of the present study

The objectives of the present study are o investigate the effects of an early brief, behavioural intervention

(including the computer game Tetris) delivered in the hospital context within 6 hours of the trauma, on maternal
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mental health and infant development after a traumatic event (ECS). The primary outcome measure will be the
presence and the severity of maternal PTSD symptoms at 6 weeks. Secondary objecives will be to measure the
impact of this infervention on inrusive memories of the frauma, on stress exposure and perception, on other
indicators of maternal psychological vulnerability (including acute stress disorder (ASD), PTSD, anxiely,
depression, and sleep), on physiological stress reactvity, on physiological regulation, on mother-infant interactons,
and on infant development The START study also aims to investgat addional maternal and partner
psychological vulnerability, partner physiological regulaton, parter-infant bonding, and measures related o the
acceplabilty and expectancy of the interventon.
METHODS
Study Design

We will conduct a muli-centre double-blind randomised confrolled frial (RCT) with minimal risk tesing te eflect of
an early brief behavioural intervention including computer game play for women at risk of PTSDin the hospital soon
following an ECS and their infant, compared with an atiention-placebo control task.

Study population, recruitment, group allocation, and blinding

All women who have an ECS =34 weeks gestation, give birth to alive baby, and give writen consent are eligible
to participate. In additon, they have to answer with a score of =2 separately for at least wo out of four screening
questions regarding perceived threat(94). All screening questions are answered on a 7-point Likert scale (7 = not
at all, 7 = extremely): Did you tink that your life was in danger? Did you think that your baby’s life was in danger?
Did you feel frightened during the birth? Did you feel helpless during the birth?

Exclusion criteria include: established intellectual disability or psychotc illness, insuficient French-speaking level
to participate in assessments, severe illness of mother or infant (e.g., cancer, cardiovascular disease, severe
neurodevelopmental dificulties, malformations) or if the infant requires intensive care, and alcohol abuse and/or
ilegal drug use during pregnancy.

Following an ECS and once the mother has sufficienty recovered, the mother’s midwife/nurse will assess eligibility
and if eligible, will inform the mother about the study. After providing writen and informed consent to be screened,
parfcipants will be screened immediately for perceived threat of the mother and/or child with four screening
questions. If partcipants score =2 separately for at least wo out of te four questions, they will be randomly
assigned to either the intervention or attenfion-placebo control group. We aim to recruit 144 women and their infants

(see sample size calculation).

If the woman agrees, then the partner will also be informed about the study. Inclusion criteria for the partners are

that they were present at the childbirth and give writen consent Partners are excluded if they do not speak French
suficieny well to participate in assessments. All participants will be reimbursed for their tme and effort

The allocaton ratio of randomisation is 1:1. The randomization sequence will be generated using a computer-
generated block randomisation (StataCorp. 2017. Stata Statistical Soffware: Release 15. College Staton, TX) using

blocks of sizes 2, 4 and 6 over 144 parfcipants per stratum (stratified by research centre). Opaque envelopes will
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be prepared in advance, numbered sequentally by alernating between stratums by block. Afer conducing the
baseline assessment, the clinical midwife/nurse will open the envelope and announce te cognitve task to be
carried out (i.e., the cognitve visuospatial task or the attention-placebo control task) to the partcipant(95). All
members of the research group as well as participants are blind to group allocation. All participant data will be
coded o ensure confidentiality. After completng the 15-minute cognitve tasks, both women of the control and
intervention group will complete the same assessments, as shown in Table 1; see Figure 1 for an overview of the
study variables.

Intervention group

Mothers in the intervention group will be instructed to engage in a cognive visuospatial task, the computer game
Tefris, for 15 minutes continuously, on a handheld gaming device (Nintendo DS) (see(4)). They are given a 3-min
training in how to play the game and how to actively use mental rotafion as they play the game. The intervention is
delivered in the same context as that in which the frauma occurred (e.g,, wake-up room) so addional memory
reminder cue to the rauma is not used.

The interventon will take place within the first six hours after ECS whilst participants are sfill in their hospital bed.
Procedures are managed not o interfere with important routne care procedures. An unblinded independent
researcher will check during the days following the intervention that the intervention protocol was followed correctly
via a 4-item survey completed by the participant Study information and materials refer o 'simple tasks' in both
condiions for credibility.

Attention-placebo control group

Mothers assigned to the control group will be asked to engage in a writen actvity log for 15 minutes (based on
previous research(93)). They are instructed to write down very briefly nature and duraton of the actvites (e.g.,
“being with baby for 10 min”, “phone call for 5 min”) and they are instructed not to sleep. The activity log was
selected to confrol for nonspecific confounding factors, while minimizing the potential for harmful effects, as o date,
no preventve treatment in the immediate afermath of frauma exists that could be used as a control condiion(96-
99). This control condifion was matched with te intervention conditon for nonspecific factors including length of
the task, contact with the midwife/nurse, location of freatment procedure and engagement in a structured task(93).
The attention-placebo control task will take place within the six hours after ECS, whilst participants are still in their
hospital bed and will not interfere with important routine care procedures. Anunblinded independent researcher will
check during the days following childbirth that the atienion-placebo control task protocol was followed correctly via
a 2-item survey completed by the participant Study information and materials refer to 'simple tasks' in both
conditons for credibility.

Primary outcome

The primary outcomes are difierences in the presence and severity of maternal PTSD symptoms between te
inferventon and the atenion-placebo control group at 6 weeks postparum measured with the Clinician-
administered PTSD Scale(100) and the PTSD Checklis(101).
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Secondary outcomes

The following outcomes will be assessed via validated assessments at different time-points (i.e., 26 hours following
ECS, <1 and 6 weeks, and 6 months follow-up).

Maternal outcomes

The maternal mental health outcomes will be compared between the two groups at all ime-points, including number
of infrusive memories of the index trauma (at <1 week follow-up) and indicators of maternal psychological
vulnerability namely: symptoms of ASD, PTSD, anxiety, depression, sleep and physical actvity (at =6 hours
following ECS, <1 and 6 weeks, and 6 months follow-up) (see Table 1). Addiional physiological outcomes will be
collected in reactivity to stress and as regulation indicators (at 6 weeks and 6 months follow-up). Finally, maternal
bonding and sensitivity in mother-infant interaction will also be measured (at <1 and 6 weeks, and 6 months follow-
up).

Child outcomes

As shown in Table 1, infant development will be assessed at 6 months postpartum. Additonally, physiological
outcomes will be assessed in response to stress and as regulation indicators (at 6 weeks and 6 months follow-up).

Other outcomes

Additonal measures of maternal and partner psychological vulnerability (at<1and 6 weeks, and 6 months follow -
up), partner infant interaction (at <1and 6 weeks, and 6 months follow-up), infant neurodevelopmental vulnerability
(at =1 week), medical outcomes (at <1 and 6 weeks, and 6 months follow-up), and measures related to the
acceplability and expectancy of the interventon (at 26 hours following ECS) are described in Table 2.

Data collection and visits
Figure 2 summarises study procedures and Table 1 indicates the measures collected at each ime point
Measures

Measures of the primary and secondary outcomes can be found below, measures relating to the ‘other outcomes’
in the study can be found in Table 2. The tme points of when all measures are taken can be seen in Table 1.

Psychological Vulnerability

Clinician-administered PTSD Scale (CAPS-5)(100). The CAPS-5 assesses presence and severity of PTSD
symptoms and diagnosis. This gold standard instrument contains 20 items referring to the four symptom clusters,
as well as 10 items referring to symptoms duration, distress or impairment, global rafings, and dissociative subtype.
Each diagnostic criterion is rated fom O=absent to 4=extreme/incapacity in functon of symptoms intensity and
frequency with a diagnostic cut-off equal to 2. The CAPS-5 has demonstrated good psychometric proprieties(100).

In the absence of a French version at the ime when the study was designed, a forward-back method was executed
to realise a franslation and cultural adaptation(102).
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The PTSD Checklist (PCL-5)(101). This 20-item self-report questionnaire measures symptoms of PTSD over the
past month and is used to assess frequency of PTSD symptoms. The PCL-5 refers to the four symptoms clusters
of PTSD and scales on a 5-point scale with 0=not at all and 4=extremely. Scores are summed to create a total
symptom severity score (103). The French version of the PCL-5 demonstrated strong reliability and validity(104).

Trauma-related intrusive memories diary(4). Intrusive memories of birth-related trauma experienced during the
seven days following ECS are reported in a daily diary, adapted from previous work(4), to assess the frequency of
infrusive memories of the frauma . For each infrusion, the time, content and type (intrusive memory, nightmare or
other) are recorded, as well as the level of distress on a 5-point scale with ratings of O=not at all 1o 5=extremely.

Acute Stress Disorder Scale (ASDS)(105). This self-assessment instrument measures frequency of ASD symptoms
over the last week and is based on DSM 5(106). Each of the 19 items is scored using a scale from 7=not at all to
5=extremely, with a higher score indicating higher ASD symptoms. Good sensitivity and specificity has been
reported(105). The forward-back method was executed to realise a French version translaon and culural
adaptation(102).

Anxiety subscale of Hospital Anxiety and Depression Scale (HADS)(107). This self-report questionnaire measures
severity of anxiety symptoms during the last week. The anxiety subscale consists of 7 items scored on a 4-point
scale (0=never, 3=most of the time). Higher scores indicate higher distress. Good psychometric properties have
been reported for the French version(108).

Edinburgh Postnatal Depression Scale (EPDS)(109). This sel-assessment examines postatal depression
symptoms over the previous week(109). The 10 items are scored on a 4-point scale and scores range from 0 to
30. Higher scores indicate higher distress. The French version has demonstrated good psychometric
propriefies(110). Aclinical cut-off scoreof 10.5 has been reported for the use of the French validated version(110).

Physicaland sleep activity. Frequency and duration of maternal sleep and physical actvity of the 5 days following
childbirth is measured using an accelerometer watch GENEActv®(111).

Sleep diary. Mothers record their hours of sleep during the week following ECS in a daily sleep diary.

Pittsburgh Sleep Quality Index (PSQI)(112). This 19-item questionnaire measuring sleep during the past month is
composed of seven sleep quality-related subscales. The overall score assessing sleep quality is scored by
summing the subscales; scores range from 01o 21. Higher results indicate poor sleep quality while a score of >5
distinguishes good and poor sleepers. The validated French version of the PSQlhas shown good psychomefrics
propriefies(113).

Wealso included the 10 items of the PSQI-A(114) to assess PTSD-specific sleep disturbances over the past month,
answered on a four-point Likert scale (O=not during the past month; 3=three or more times a week), that assess
the frequency of difierent kinds of rauma-related sleep disturbance. The ittms are summed to create te total
score, where the higher the score the more disturbed the sleep. The validated French version of the PSQI-A has
shown good psychometrics(114).
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Maternal and infant physiological stress responses.

Physiological regulation. Resting heart rate of the mother and infant are assessedusing restng HRV measured by
Firstoeat Bodyguard 2 devices providing a contnuous measure of cardiac activity. Restng heart rate wil be
assessed during the 15 minutes resting period before the stress paradigms (see Physiological stress reactivity for
stress paradigms) at <1 week and 6 months. Baseline salivary corisol and cortsol daily profle will be established
for the mother in the two days after leaving the maternity ward (usually the 6t and 7t day postpartum) and for her
and her baby for wo days at 6 months through salivary sample; 5 saliva samples are taken per day, including CAR.

Maternal salivary cortisol will be collected using Saliveties® Sarstedt (ittm number: 51.1534.500) and SalivaBio
Infants Swab (Salimetrics, ittm number: 5001.08 50) for infants.

Physiological stress reactivity. Maternal and infant stress reactivity will be assessed via salivary corfsol and HRV
using Firstoeat Bodyguard 2 devices during the stress phases of teir respective stress paradigms at 6 months for
the mother and at <1 week and at 6 months for the infant The stress paradigm for the mothers is the Trier Social
Stress Test (TSST)(115) at 6 months. Maternal salivary cortisol will be measured 7 imes before, during, and after
the stress paradigms and heart rate throughout the stress paradigm. Stress paradigms for the infants involve the
Neonatal Behavioural Assessment Scale (NBAS)(116) at <1 week and the double-exposure Face-to-Face Stil-
Face paradigm (FFSF)(117-120) at 6 months. Salivary cortisol will be measured 3 times, once before and twice
afer the stressor, and HRV wil be measured troughout the stress paradigms. Maternal cortisol will also be
collected during the FFSF. Maternal salivary cortisol will be collected using Saliveties® Sarstedt and SalivaBio

Infants Swab (Salimefrics) for infants. Participaton in maternal stress reactvity assessments at <1week is optional
(involving an addiional consent obtained before hospital discharge).

Mother-infant interaction

Mother-to-Infant Bonding Scale (MIBS)(121). This 8-ittm questionnaire assesses the mothers’ feelings towards her
new baby in the first few weeks after birth. Eight adjectives are rated on a scale from O=very much to 5=not at all.
Scores are summed to create a total score, with a higher score indicating worse mother-to infant bonding. The
MIBS has shown good iniial psychometrics(121), and has been validated in French(122).

Emotional Availability Scale (EAS)(123, 124). Maternal sensitivity and responsiveness will be investigated during a
free-play session of mothers with their six-months old. Interactons are coded on six dimensions: sensitvity,
structuration, intrusion, hostiity toward the infant reactvity to the mother, and maternal involvement(123, 124).
Higher scores on each scale indicate betier performance. Two trained psychologists blind to the conditon will rate
each interaction and inter-observer reliability will be calculated. The EAS shows good psychometric properties (123,
124).

Infant developmental outcomes.

Infant Behaviour Questionnaire — Revised (IBQ-R) Very Short Form(125). This is a parentreport questionnaire
consisting of 36 items answered on a 7-point Likert-scale (1=never to 7=always). The ittms assess the frequency

of infants’ behaviours during the previous wo weeks to measure child emperament The very short form has shown
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good psychometric properties(125). There was no available validaon French franslation. Therefore, the forward-
back method was completed o realise a French version franslaton and cultural adaptation(102)

Bayley Scales of Infant Development (Bayley-Ill)(126). The cognifive, language and motor subscales of the Bayley
Scales of Infant Development assess the developmental functioning of the infant The scales are administered by

a frained psychologist or paediatrician through a standard set of play tasks following a standardized protocol. The
composite scores for the subscales are age-standardized with a mean score of 100(127).

Sociodemographic, obstetric and neonatal characteristics

Mothers will report demographic information, including marital status, nationality, profession, level of
education(128), and previous and current psychiatric disease as well as any frauma history via a self-report
questionnaire. Mothers will also report their height, weight (before pregnancy and current), menstrual cycle,
smoking behaviours, and alcohol/drug use. Obstetric data will be extracted from the hospital medical record, such
as pregnancy-, labour- and birth-related information, gravidity, parity, mode of previous childbirths, history of
miscarriage, sfilbirth, and prematurity, pain, medication, birth control, sexual actvity, and psychological support.
Neonatal characteristics will be collected from the medical record on severity of morbidity (gestaional age and
weight at birth, Apgar score, neonatal complications), as well as the Clinical Risk Index for Babies (CRIB 11)(129),
which represents neonatal morbidity severity.

Sample size calculation

Based on a previous proof-of-principle RCT(4), a sample size of n=120 participants is necessary to have 80%
power (a=0.05) to detect a between-group diflerence of d=0.30 of the primary outcome (PTSD symptoms at 6
weeks). Furthermore, we calculated the sample sizes necessary to obtain significant group diferences with 80%
power (0=0.05) based on small efiect sizes (d<0.30) for maternal secondary outcomes (PTSD diagnosis, ASD
symptoms and physiological stress reactivity) and infant secondary outcomes (physiological stress reactivity) based
on small effect sizes (d<0.30) with 80% power (a=0.05), which range between a fofal of n=56 and n=84. Predicting
a 20% drop-out rate, we aim fo recruit 144 women.

PATIENT AND PUBLIC INVOLVEMENT
The acceptability of the intervention was assessed by participants during the previous proof-of-principle RCT(4). A
questionnaire of satisfaction and acceptability examined the burden of the intervention. An individual feedback and
debriefing session will be ofered 1o each participant Resulis will be disseminated in writien form to the parficipants
and distibuted to the public via social media and public events. They will also be discussed with clinical
professionals involved in this project

DATA MANAGEMENT AND STATISTICAL ANALYSES
All study data will be entered by researchstaff Study data will be managed using REDCap electronic data capture
tools hosted at Lausanne University Hospital(130, 131). REDCap (Research Electronic Data Capture) is a secure,
web-based sofware platorm designed to support data capture for research studies. Double data entry will be done

for the primary outcomes. For the rest of the data, a random 5% will be double-checked. Access to the full final trial
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dataset will be restricted to the principal investgator.

For the primary analyses, group diferences regarding the meansubscale and fotal scores of the PCL-5 and CAPS-
5 at 6 weeks will be analysed using separate linear regression analyses. Analyses will be adjusted for recruitment
centre and the respective baseline values. Associations between primary outcomes and potential confounders,
such as maternal and gestational age, will first be assessed applying univariate tests. Subsequent analyses will be
adjusted for significant covariates. For secondary aims, the analyses will be performed for differences in changes
between groups and differences between groups at diferent ime points in maternal and infant outcomes.
Proportion of participants meeting the diagnostic criteria for PTSD at 6 weeks and 6 months between the two groups
will also be compared using logistc regression analyses. The same procedure for identifying significant covariates
described above will be applied here. Furthermore, posthoc exploratory analyses will be conducted but described
as such in publications. All regression analyses regarding cortisol data will be adjusted for potential covariates,
such as co-sleeping, breasteeding, menstrual cycle, and infant and maternal medication. For HRV analyses
interbeat intervals (IBls) from baseline, stress task and recovery will be analysed by the extracton fom ECG
recordings. Statistcal parameters of HRV(132) will be calculated using Kubios HRV Analysis2.2 sofware(133).
Time domain measures and spectral frequency measures will be used for calculations. M ultiple imputation methods
will be used to manage missing data, if appropriate.

ETHICAL APPROVAL

This study protocol was approved by the Human Research Ethics Commitee of the Canton de Vaud (Switzerland,
study number 2017-02142, protocol version 5 of September 13 2019) and is registered in clinicaltrials.gov
(NCT03576586). Substantial amendments will only be implemented after approval of the ethics commitiee, and all
non-substantal amendments are communicated to the ethics commitice within the Annual Safety Report.
Participaing mothers and, where included, partners will provide their writien informed consent before their
enrolment in the study by the clinical and research staff. The writen informed consent contains an optional part on
the re-use of data in ancillary studies. Participaton will not interfere with typical care provided to pafients after an
ECS. The scientific conduct of the study is overseen by an interdisciplinary steering commitice of national and
international experts. Confidentality will be ensured by utlising subject identfication code numbers to correspond
fo treatment data in the computer fies.
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Table 1. Overview of primary, secondary and other outcomes, measures, and ime points

DOMAIN VARIABLES INSTRUMENTS TIMING
6h after S1week 6weeks 6 months
ECS(T1) (T2 (T3) (T4)
MOTHER Sociodemographic and | Sociodemographic Demographic questionnaire X X X
medical data variables
Medical data Obstetric data and pregnancy outcomes X X
from medical records
Menstrual cycle (if applicable) X
Breastieeding diary/questions X X
Acceptability and Satisfaction and Feedback questionnaire X
expectancy of the expectancy
intervention
Maternal psychological | Infrusive frauma- Trauma-related intrusive memories diary X
vulnerability related memories (4)
Stress exposure and | Postdelivery Perceived Stress Inventory X
perception (PDPSI) (134)
Majorlife events (135, 136) X X
Postnatal Perceived Stress Inventory X
(PPSI) (137)
Parenting Stress Index — Short Form X
(PSI-SF) (138) (139)
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PTSD

Clinician-administered PTSD scale
(CAPS) 102

PTSD Checkiist (PCL-5) (101)

ASD Acute Stress Disorder Scale (ASDS)
(105)

Anxiety Hospital Anxiety and Depression Scale:
anxiety subscale (HADS) (107)

Depression Edinburgh Postnatal Depression Scale

(EPDS) (109) (109)

Social support

Modified Medical Outcomes Study Social
Support Survey (MOS-8) (140)

Revised Dyadic Adjustment Scale
(RDAS) (141) (142)

Sleep

Pitsburgh Sleep Quality Index
Addendum for postraumatic stress
disorder (PSQI-A) (114)

Morningness-Eveningness questionnaire
(MEQ) (143)

Pitisburgh Sleep Quality Index (PSQI)
(112)

Sleep diary

Overnight accelerometer assessments
(GENEACtv®)(144)
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Maternal physiological
stress responses

Physiological
regulation

Baseline cortisol and cortisol daily profile
(saliva)

Resing heart rate and heart rate
variability (Firstbeat Bodyguard 2)

Physiological stress

Cortisol (saliva)

reacfivity
Heart rate variability (Firstbeat
Bodyguard 2)
PARTNER Sociodemographic data | Sociodemographic Demographic questonnaire
variables

Paternal psychological

vulnerability

Intrusive fraumatic

memories

Traumatc intrusions diary (4)

Stress exposure and

Major life events (135, 136)

perception Parenting Stress Index — Short Form
(PSI-SF) (138, 139)

PTSD Clinician-administered PTSD scale
(CAPS) 192(145)
PTSD Checklist (PCL-5) (101)

ASD Acute Stress Disorder Scale (ASDS)
(105)

Anxiety Hospital Anxiety and Depression Scale:

anxiety subscale (HADS) (107)
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Depression

Edinburgh Postatal Depression Scale
(EPDS) (109)

Social support

Modified Medical Outcomes Study Social
Support Survey (MOS-8) (140)

Revised Dyadic Adjustment Scale
(RDAS) (142) (141)

Perception of ECS-

related frauma

Screening questions of the Postraumatic

Diagnostic Scale (94)

Sleep Pitisburgh Sleep Quality Index (PSQI)
(112)
Pitsburgh Sleep Quality Index
Addendum for postraumatic stress
disorder (PSQI-A)(114)
Morningness-Eveningness questionnaire
(MEQ) (143)
Partner physiological Physiological Cortisol daily profile (saliva)
responses regulation
INFANT Sociodemographic and | Sociodemographic Demographic questionnaire (completed
medical data variables by mother)
Medical data Neonatal outcomes from medical records
Infant Infant irritability Dubowitz neurologic examination (146)
neurodevelopmental
vulnerability
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Infant physiological Physiological Baseline cortisol and cortisol daily profile X
stress responses regulation (saliva)
Resting heart rate and heart rate X
variability by (Firstbeat Bodyguard 2)
Physiological stress Cortisol (saliva) X
reacfivity
Heart rate variability (Firstoeat X
Bodyguard 2)
Developmental Neonatal behaviour Neonatal Behavioural Assessment Scale
outcomes (NBAS) (116)
Infant development Infant Behaviour Questionnaire-revised X*
(IBQ-R) (125)
Bayley Scales of Infant Development X
(Bayley-IlIl; clinician-rated) (126)
PARENT-INFANT Mother-infant interaction | Maternal sensitivity Emotional Availabilty Scale (EAS, X
INTERACTION clinician-rated) (123, 124)
Bonding Mother-to-Infant-Bonding Scale (MIBS) X
(121)
Parter-infant Bonding Mother-Infant-Bonding Scale (MIBS) X

interaction

(121)

Note: * = completed by mothers and partners

Note: * = completed by mothers and parners
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Table 2. Other Outcomes and a brief description of the measures used for each outcome. Participant groups for

whom the outcome is relevant are highlighted in bold.

Domain

Instruments

Description

Maternal and paternal
psychological vulnerability

Morningness-Eveningness Questionnaire
(MEQ) (143) (at <1 week follow-up)

19 muliple-choice questions self
assessment questionnaire
investigang the mother and
partner’s circadian rhythm. Scores
are summed fo create a fofal and
a higher score indicates a more

‘morning’ person.

Modified Medical Outcomes Study Social
Support Survey (MOS-8) (140) (122) (<1
and 6 weeks, and 6 months follow-up)

8-item self-report questionnaire
assessing mother and partner
social support across four
funcional support scales:
emotional/ informative, tangible,
aflectionate, and positve social
inferaction. ltems are answered on
a 6 point scale (0= Never, 5 =

Always).

Revised Dyadic Adjustment Scale (RDAS)
(141, 142) (at <1 and 6 weeks, and 6
months follow-up)

14-item self-report questionnaire
measuring the mother and the
partner relatonship satisfaction.
Three categories are evaluated:
consensus, satisfacton and
cohesion.

Parenting Stress Index - Short Form (PSI-
SF)(139) (138) (6 months follow-up)

Selfreport questionnaire
measuring the mother and
partner parenting stress. It
consists of three subscales:

parental distress, parent-child

dysfunctional interactions, and

child dificulties. 36 items are
answered on a 1-point Likert scale
(1= Strongly agree, 5 = Strongly

disagree).
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The Post-delivery Perceived Stress
Inventory (PDPSI) (134) (at <1 week
follow-up)

16-item self-report questionnaire
assessing mother’s perceived
stress linked fo delivery. Each ittm
is a potential stressor the mother
may have experienced during or
after delivery. Mothers are asked
whether they found te items more
or less stressful using a 5-point
Likert scale (1=Never, 5=Very

often).

Postnatal Perceived Stress Inventory
(PPSI)(137) (at 6 weeks, and 6 months
follow-up)

19-item self-report questionnaire
assessing maternal postpartum
perceived stress. Each item
relates to a potential stressor they
may encounter witin the postnatal
period. Mothers are asked o
indicate whether they were more
or less stressed on a 5 point scale
(1=Not atall, 5 = Extremely).

Lie Events Questionnaire (135, 136) (at <1
week and 6 months follow-up)

15-item self-report scale where
mother and partners are asked
to indicate if they have

experienced diferent major life
events and how stressful they
found these events. Oneitem
allows participants to identfy an
event not mentioned and one asks
if a major life event occurred within

the first trimester of pregnancy.

Trauma-related intrusive memories diary
(4) (at <1 week follow-up)

Completed by partners; see

Measures section for more details.

Clinician-administered PTSD scale (CAPS)
(100) (at 6 weeks and 6 months follow-up)

Completed by partners; see

Measures section for more details.

PTSD Checklist (PCL-5) (101) (at 6 weeks
and 6 months follow-up)

Completed by partners; see
Measures section for more details.
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Acute Stress Disorder Scale (ASDS) (105)
(at <1 week follow-up)

Completed by partners; see
Measures section for more details.

Edinburgh Postnatal Depression Scale
(EPDS) (109) (at <1 and 6 weeks, and 6
months follow-up)

Completed by partners; see

Measures section for more defails.

Anxiety subscale of Hospital Anxiety and
Depression Scale (HADS) (107) (at<1and

6 weeks, and 6 months follow-up)

Completed by partners; see

Measures section for more details.

Pitsburgh Sleep Quality Index (PSQI)
(112) (at <1 and 6 weeks, and 6 months
follow-up)

Completed by partners; see
Measures section for more details.

Pittsburgh Sleep Quality Index Addendum
for postraumatic stress disorder (PSQI-A)
(114) (at 6 weeks and 6 months follow-up)

Completed by partners; see

Measures section for more defails.

Perception of ECS-related rauma (at <1
week follow-up)

Partners complete the 4
screening questons of the
Postraumatc Diagnostic Scale
(94)

Partner physiological

regulation

Cortisol daily profile (at<1and 6 months

follow-up)

Completed by partners; see

Measures section for more details.

Partner-infant interaction

Mother-to-Infant-Bonding Scale (MIBS)
(121) (at <1 and 6 weeks, and 6 months
follow-up)

Adapted for parters, see
Measures section for more details

Demographic Information

Partner demographics (at<1and 6 weeks,
and 6 months follow-up)

Adapted for parters, see
Measures section for more details

Infant demographics (at <1 and 6 weeks,

and 6 months follow-up)

Mothers report on their child's
weight and height

Medical data

Breasteeding diary and questons (at <1

and 6 weeks, and 6 months follow-up)

Mothers report on breastieeding
in a 2-day daily diary including
breastieeding length and type

(exclusive or mixed).

Acceptability and
expectancy of the
intervention

Selfreport questionnaire of satisfacton and
acceptabilty of the interventon (at =6
hours following ECS)

On completing the intervention
activity, mothers complete 7 items
to assess interventon fidelity,
satisfacion and acceptability of

the intervention.
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Infant neurodevelopmental

vulnerability

Dubowitz neurologic examination (146) (at
<1 week follow-up)

Examination of the infanton 34
ittms subdivided into 6 categories
(fone, tone paterns, refiexes,
movements, abnormal signs, and
behavior). Full examination by a
pediatrician follows standardised
instructons and takes 10-15
minutes.
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ABSTRACT
Stress reactivity is typically investigated in laboratory setings, which is inadequate for mothers in maternity settings.

This study aimed at validating the Lausanne Infant Crying Stress Paradigm (LICSP) as a new psychosocial stress
paradigm eliciing psychophysiological stress reactvity in early postpartum mothers (n=52) and to compare stress
reactivity in women at low- (n=28) vs. high- risk (n=24) of childbirth-related postraumatic stress disorder (CB-
PTSD). Stress reactivity was assessed at pre-, peri-, and post-stress levels through salivary cortsol, heart rate
variability (high frequency (HF) power, low frequency (LF) power, and LF/HF ratio), and perceived stress via a
visual analogue scale. Significant time eflects were observed for all stress reactvity outcomes in the fotal sample
(all p<.01). When adjusting for perceived life threat for the infant during childbirth, high-risk mothers reported higher
perceived stress (p<.001, d=0.91), and had lower salivary cortisol release (p=.023, d=0.53), lower LF/HF rafio
(p<.001, 0=0.93), and marginally higher HF power (p=.07, d=0.53) than low-risk women. In conclusion, the LICSP
induces subjective stress and autonomic nervous system (ANS) reactivity in maternity seftings. High-risk mothers
showed higher perceived stress and altered ANS and hypothalamic—pituitary—adrenal reactivity when adjusting for

infant life threat Ulimately, the LICSP could stmulate (CB-)PTSD research.

Keywords: PTSD; cortsol; heart rate variability; stress reactvity; childbirth; TSST; postpartum; women; mothers;
perceived stress
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INTRODUCTION

Childbirth-related posttraumatic stress disorder

Postraumatic stress disorder (PTSD) may develop following a traumatic event, as defined by the PTSD stressor
criterion of the Diagnostic and Stafistical Manual of Mental Disorders, 5th ed., (DSM-5) (1). Four symptom clusters
(criteria B-E of the DSM-5) characterize this disorder: intrusions, avoidance of trauma-related cues, negative
cogniions and mood, and hyperarousal (1). PTSD can be diagnosed one month following the fraumatc stressor
(1), even if an acute postraumatic stress response can be observed in the meantme (2). The question arises to
understand why afler having been exposed o a fraumatic event, only some individuals develop PTSD symptoms
(3). According to psychobiological findings, altered stress reactvity, such as a dysregulaton of the hypothalamic -
pituitary-adrenal (HPA) axis or the autonomic nervous system (ANS), may play a major role in the development of

PTSD(4,5).

Up to one-tird of mothers report perceiving giving birth as raumatic (6-8) and may develop childbirth-related PTSD
(CB-PTSD) (9, 10). According to the DSM-5 PTSD stressor criterion, perceived life threat is a key element
contributing to the traumatic appraisal of childbirth (1). Therefore, mothers who fear for teir life or their physical
integrity, or the ones of their infant during childbirth are at higher risk of CB-PTSD compared to those who did not
(1, 11). In community samples, 3-4% of women reach the clinical threshold for CB-PTSD (12, 13), whereas in high-
risk samples, CB-PTSD prevalence rates increase up o 16-19% (12, 13). Studies investigaing the relatonships
between CB-PTSD and traumatic childbirth experience and parity reported inconsistent results (14-17) Although
traumatic childbirth perception depends on the maternal subjective appraisal of the event, objective elements, such

as obstetric or neonatal complications, can worsen the fraumatic experience (11).

There are several arguments to assume that CB-PTSD might difer rom PTSD by the nature of its frauma (18, 19).
As a posiive and expected life event, childbirth is generally perceived positively by the society. Mothers might be
terrified not only for themselves but also for their infant, which diflers from other traumatic events. The perceived

life threat for the infant is a strong predictor of CB-PTSD (17). Accordingly, mechanisms involved in the development

of CB-PTSD might be difierent from the ones of PTSD following other traumatic events.

Besides the maternal distress and interference with everyday functioning due to CB-PTSD symptoms (9), CB-PTSD

can negatvely afiect the couple relatonship (20, 21) and subsequent future reproductve experiences (22, 23).
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Maternal CB-PTSD sympioms may also be associated with child sleep problems (22, 24), breasteeding initiation
and continuaion (22, 25), and, potentially, with problems regarding the mother-infant relationship or bonding (22,

26).

To date, evidence-based interventons to prevent CB-PTSD are lacking (27). Given the significant consequences
of CB-PTSD on mothers and their families, it is fundamental to beter understand the underlying physiological

mechanisms that play a role in the development of CB-PTSD, as this may open up options for the early assessment

and treatment of CB-PTSD (28).

Psychophysiological stress reactivity and posttraumatic stress disorder

The stress response system is composed of the sympathetic (SNS) and the parasympathefic (PNS) branches of
the ANS, and the HPA axis (29). Under stress conditions, HPA activation increases (elevation of cortisol release),
whereas PNS activaton withdraws (reduction of high frequency (HF) power), and SNS activaion intensifies
(increase of low frequency (LF) power), resuling in a short-term imbalance of the ANS (assessedby LF/HF rafio)
(29). Cortisol release peaks at 10 to 30 min afler stress exposure, whereas changes of SNS and PNS activation
are seen more immediately earlier (29). Cortsol is released to mobilize physiological and psychological resources
of the organism, and to support recovery by counteracting the physiological efects of the SNS activation (29).
Cortsol release gradually increases during pregnancy, with a peak at the end of the pregnancy, and then returns
to nongravid levels 12-24 hours afler childbirth (30-33). There is evidence that early postpartum condions can

have an additonal impact on cortisol release, suchas breasteeding witin the last hour that causes blunted cortisol

stress reactivity (34).

Overall, the literature suggests that the development and maintenance of PTSDiis related to an HPA dysregulation
(35). Individuals exposed to rauma or with PTSD show mainly blunted stress responses (35-38), and only one
study with childhood abuse-related PTSD in women showed elevated salivary cortisol responses following
exposure to raumatic reminders compared to women with a history of childhood abuse but without PTSD (39).
However, given the small sample size (n = 12 per group) and the unstandardized stress procedure, the
interpretation of these findings requires caution. All other studies reported blunted cortisol reactivity in response to
laboratory stress induction (e.g., Trier Social Stress Test (TSST), Emotional Stroop task), including a study on US

female veterans compared to civilian women, regardless of their PTSD status (38), or in postpartum women with

99



emotion regulaion dificulties and a history of child malteatment (37). Similar results were found in mothers

suffering from interpersonal violence-related PTSDat 12 and 48 months postpartum (40).

PTSD patients had altered ANS responses at rest compared to controls in a meta-analysis (i.e., reduced HF and
LF power, with a higher reducion in HF than LF, and increased LF/HF rato), indicaiing that the cardiovascular
system cannot properly adapt to external and internal demands (5). Further, in response fo lab-based stress tasks,
individuals showed an increase of SNS, a decrease of PNS acfivaton, as well as a short-term imbalance of the
ANS (41-43). As far as we know, there is no study that investigated early postpartum mothers with a traumatic
childbirth experience who might be at risk of CB-PTSD, even though hormonal changes linked to childbirth might
influence ANS and HPA activation. It furthermore remains unclear whether the physiological changes can already
be expected early afler rauma at a ime point where PTSDis not yet established. In additon, stress also provokes

a psychological stress response, suchas perceived stress (44, 45). To our knowledge, nostudy has yet investigated

early perceived stress reactvity in women following traumatic childbirth or in individuals at risk of CB-PTSD.

The current study

Assessment of stress responses during the early post-partum is limited due to te physical and psychological
constrains of the early postpartum period in women (e.g., standing up during the stress phase can be physically
impossible and pretending to be in ajob interview, as it is used in standard lab-based stress tasks, is likely to be
far from maternal concerns during the days following chidbirth) (46-48). Nevertheless, studying

psychophysiological stress reactvity in mothers during the early postpartum period could be relevant o identfy CB-

PTSDrisk factors and fo clarify physiological mechanisms underlying the development of CB-PTSD (35).

Therefore, the current study firstly aimed to provide first evidence for the validaton of a new stress paradigm, the
Lausanne Infant Crying Stress Paradigm (LICSP) for the early postpartum period. More specifically, we
hypothesized a psychophysiological stress response to the LICSP (i.e., increase of salivary corisol release,

reducton of HF power, increase of LF power, increase of LF/HF ratio, and increase of perceived stress).

Given that the general PTSD literature reported altered physiological stress reactivity in raumatised individuals,
this study secondly intended to investigate group diflerences in psychophysiological stress reactivity in women at
low- vs. high-risk of CB-PTSDin the early days following childbirth. However, given that stress reactivity has never

been studied shory afer the traumatic stress exposure, exploratory analyses were conducted for group
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diferences.

MATERIALS AND METHODS

Design and study population

This cross-sectional experimental study took place on the postpartum ward of the maternity unit of a Swiss
university hospital between December 2018 to December 2019. The following inclusion criteria were applied: (a)
being = 18 years old, (b) having given birth to a live baby at =34 weeks of gestaion during the <5 days, (c) having
given writen consent, and (d) obfaining a certain score in response to screening questons that allowed the
allocaton to the group at low- vs. high-risk of CB-PTSD. For this purpose, wiling mothers answered screening
questions consisting of wo items related to perceived life threat during childbirth (based on PTSD stressor criteria
of DSM-5) (1, 18, 49). Responses were scored on a 7-point Likert scale (1= not at all to 7 = extremely): “Did you
think that your life was in danger?” “Did you think that your baby’s life was in danger?” To be included in the study,
low-risk participants had to respond <2 to each of the two items, whereas high-risk participants had to score =4 to
one of the two items. The reason for such classificaion was to ensure parficipants were either not raumatized or
suficienty traumatzed to find group differences. Exclusion criteria included (a) insuficient French language skills,
(b) established intellectual disability or psychotic illness, (c) antenatal corticosteroids administration, (d) current
alcohol abuse and/or illegal drug use, (€) severe maternal and/or infant illness, and (f) infant hospitalized in neonatal
intensive care unit The total sample consisted of 52 participants, with 28 mothers in the low-risk and 24 in the high-

risk group.

As part of the Swiss TrAumatic biRh Trial (START) (18), tis study was conducted in accordance with the
Declaration of Helsinki, and was approved by the local ethics commitiee for research in humans (study number
2017-02142). Before enrolling in the current study, participants received an information sheet and gave written

consent The current study was writen up according to the STROBE reporting statements (50).

Procedure and Measures

The Lausanne Infant Crying Paradigm procedure

The LICSP development was based on the principal components of the TSST, which is the gold standard paradigm

fo induce physiological stress responses in adults (46-48). The LICSP procedure comprised a baseline phase, a
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stress phase, and a recovery phase, ending with an 8-min optional guided relaxaton. Bot the baseline and the

recovery phases lasted 40 min, whereas the stress phase lasted 20 min.

Mothers were encouraged to breastieed and were asked to have lunch before starting the LICSP at 1pm. Visitors
were prohibited during the whole LICSP procedure, which coincided with the ime the maternity did not allow other
visitors than partners (outside of public vising hours). During the baseline and the recovery phases, parficipants
were instructed fo restin their hospital bed with their baby around and their partner (if they were present). During
the stress phase, parficipants were alone in a separate consultaion room siting at a desk and facing an unknown
female experimenter that observed them, gave them instructions, and adopted a neutral facial atitude (47). Al
parfcipants were flmed on the pretext that their facial expressions and their stress coping skills would be analysed
by specialists. The stress phase consisted of a 3-min anticipation of the infant crying test (ICT), the ICT being a
psychosocial stressor, and a surprise mental ariimetc task as a cognifve stressor (47). The ICT involved
diferentiaing one’s own infant crying among several recordings of infant crying. The experimenter read instructions
implying that mothers usually diferentiate their infants crying from those of others, which can threaten the social
self of participants and induce stress (46, 51). Actually, mothers can recognize teir own infant crying already at 24

hours posfpartum, but cannot diflerentiate it from other infant crying (52). The instructions of the surprise mental

arithmetic task did not difier from the ones used in the TSST (47).

The ICT was designed and run with E-Prime 3.0 sofware (Psychology Sofware Tools, Pitisburgh, PA). Five 20-
sec recordings of infant crying were first played to participants through headphones, followed by 14 other 10-sec
infant crying recordings. Between each infant crying recording, participants had 3 sec fo indicate by pressing on
specific keyboard keys whether this was their own infant crying or not Amongthe 19 infant crying clips, one of 10-
seclength and another of 20-sec were from the parficipants own infant Those two crying clips were recorded prior

to the LICSP during a routine care episode (e.g., diaper change, bath) in the absence of the partcipant

Both the psychosocial and cognifive stressors contained main evidence-based characteristics required to elicit
psychosocial stress: anticipation, novelty and/or unpredictability, social-evaluative treat, uncontrollability, and
motivated performances (46, 47, 53). Figure 1 illustates the LICSP procedure, including tme points of
measurements. Atthe end of the recovery phase, a guided relaxaton was offered to participants, followed by a

moment to debrief to ensure no side efects would result from the stress phase. Finally, partcipants completed a
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set of questionnaires (see section 2.3.3) right after the LICSP or during their stay on the postpartum ward.

Psychophysiological stress responses

Given that saliva collection does not induce addional stress, and is non-invasive and reliable, salivary cortisol was
chosen as a measure of the HPA activity in response to stress (54, 55). As illustrated in Figure 1, saliva was
obtained using salivetes (Sarstedt, Sevelen, Germany) 5 min before the start of the stress phase (C1) and directly
after the 3-min anticipation of the ICT (C2). Five additional samples were collected during the recovery phase at 10
min intervals (after the stressor and during early, mid and late recovery, and at the end of the paradigm (C3 to C7).
The timing of salivary collection is consistent with the standardized protocol of the TSST, with a salivary cortisol
peak response expected between 10 and 30 min post-stress (i.e., C4 to C6) (29, 47). Participants were instructed
not to eat, drink, have a chewing gum, or brushteeth within 30 min before saliva collection. After chewing the cotion
wool during 60 sec, salivary samples were stored at < 20°C until they were sent for analysis o the biochemical
laboratory of the Clinical Psychology and Psychotherapy Department at the University of Zurich, Switzerland.
Cortsol levels (nmol/L) were analyzed using luminescence immunoassay based on the competiion principle (IBL,

Hamburg, Germany). Inter- and inra-assay coeficients of variance of cortisol were <5%.

Cardiac activity was measured confinuously via an ECG device Firstoeat Bodyguard 20 (Firstoeat Technologies
Ltd., Jyvaskyla, Finland). During the 3-min recordings of the baseline (i.e., HF1, LF1, and LF/HF1) and recovery
(i.e., HF4, LF4, and LF/HF4) phases, paricipants were instructed to restin their hospital beds and were allowed to
be with their baby. The Kubios HRV Standard software (ver. 3.2.0) was used to graphically display the cardiac
activity in order o spot outiiers. Data quality was assessed by inspecing the normality of interbeat intervals (1Bl
values) for each recording and by comparing HRV metrics with and without the Kubios' arffact correction algorithm
applied (set to medium). Data quality was high in all recordings and no artifact correction was therefore necessary.
Frequency-domain HRV parameters (i.e., HF power, LF power, and LF/HF ratio) were calculated using Fast Fourier
Transformation. LF power (range: 0.04-0.15 Hz) reflects mainly SNS activation, whereas the HF power (range: 0.15
to 0.4 Hz) echoes the PNS activation (41, 43). The LF/HF rafio illustrates the balance of SNS and PNS activity (41,

43).

Perceived stress was measured repeatedly at 10 imes via a visual analogue scale (VAS) raiing from 1 = not at all

stressed to 5 = extremely stressed (Figure 1) (56). Perceived stress was assessed at the beginning and the end of
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the baseline phase, during the stress phase, at the end of the anticipaion period and of the psychosocial and

cognifive stressors, and finally, during recovery at each tme point of saliva sampling.

Psychosocial and medical information

Perceived life threat for the mother and the infant during childbirth were measured via the screening questions (see
section 2.1). To situate the sample and given that depression is frequent and comorbid with acute stress during the
early postpartum period (57), depression was assessed via the Edinburgh Postatal Depression Scale (EPDS)
(58). This self-report questionnaire assesses the severity of postatal depression symptoms over the past week
(58). A sentence was added o instructions stating that researchers were particularly interested in how mothers feel
since childbirth. The 10 ittms are scored on a 4-point Likert scale (0-3), with a fotal scoreranging from 0 to 30 (58).
A higher score suggests a higher level of symptom severity (58). The French version has demonstrated safisfying
psychometric proprieties (59). A good internal consistency was observed in the present study (Cronbach’s a = 0.85)

and was slighty higher than previously reported in postpartum mothers of Switzerland (60, 61).

Since anxiely is also commonin the early postpartum period and comorbid with acute stress (57), anxiety was
measured through the anxiety subscale of the Hospital Anxiety and Depression Scale (HADS-A). This 7-item self
report questionnaire refrospectively measures te severity of anxiety symptoms witin the week preceding
childbirth, using a 4-point Likert (0-3) scale that ranges from 0 to 21 (62). Higher scores indicate greater symptom
severity (62). The Frenchversion has shown good psychometric characteristics (63) with Cronbach’s alpha of 0.72,

which is similar to previous studies of Swiss posparum women (57, 64).

Participants responded to psycho-sociodemographic questions on age, civil status, educaton level, and smoking
habits. Parity, gravidity, and type of delivery were refrieved fom medical records. In additon, a dichotomous
variable was created depending on whether the participant breastied over the 60 min preceding the stress phase
(yes=1,no=2).

Evaluation of the stress phase of the Lausanne Infant Crying Stress Paradigm

Afler the LICSP and as a manipulation check, participants were asked to evaluate the stress phase with a 100-
point Likert scale (0 = not at all, 50 = moderately, 100 = extremely) according o the following parameters: novelty,

dificulty, stress, confrollability and predictability (46, 53).

Sample size calculation
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Given that the LICSP is a new stress paradigm, no prior data existed for an a priori power calculaton Therefore, a
sample size of N =40 was estmated based on previous studies using the TSST (i.e., the gold standard stress

paradigm) (38, 47, 65). The current study consequenty aimed to include 50 mothers completng the LICSP

procedure to account for a potental lower effect of the LICSP.

Data analysis

All the statistical analysis were carried out using R v3.6.1 (running under RStudio v1.1.463) (66). The salivary
cortisol levels of wo participants were missing for C1, as well as the perceived stress ratings of one parcipant for
the last assessment (VAS10). Given this missing data represented <30% of the dataset, they were imputed using
Bayesian linear regression (NORM ) for numerical values. The missing data imputation was performed by the mice
package v3.11.0 algorithms (67). Due o technical issues, the cardiac activity of one participant during the stress
phase was missing. Given that more than 30% of her data were missing, these data were not imputed. Further,

seven parficipants did not entrely perform the mental arithmetc task, but HRV data were not imputed.

Results were considered as significant at p < 0.05. Descriptive diferences between the low vs. high risk groups
were assessed with the appropriate stafistical tests, namely the Chi square (X?),the Fischer’s exact test (p), or the
Mann-Whiney test (W). Given that data did not meet assumptions for a wo-way repeated measures analysis of
variance (ANOVA; group™ime), te aligned ranks transformaton repeated measures ANOVA (ART ANOVA;
group*ime), ie., a non-parametric test was carried out To assess stress reactvity to the LICSP, pairwise
comparisons with Tukey adjustments were conducted as post-hoc tests to determine differences between relevant
pair groups. Effect sizes (Cohen’s d) were calculated. Finally, one-way analyses of covariance (ANCOVAs) were
conducted to determine diflerences between low- vs. high-risk groups on psychophysiological stress responses,
using perceived life threat for the infant as a covariate. Results are reported as unadjusted and adjusted for
perceived life threat for the infant Given the potential impact of breastieeding on salivary corisol activity, an
additonal exploratory ANCOVA was carried out for tis outcome. Note that, given the inconsistent literature on CB-
PTSD or fraumatic childbirth experience and parity, parity was not considered as a covariate in the current paper
(14-17). Finally, cortisol levels were expected to be low at C1 and C2. However, as shown in Table 1, participants
showed elevated corfisol release at C1. Therefore, C2 was considered as a baseline value for all the statistical

analyses.
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RESULTS
Characteristics of the sample and of the Lausanne Infant Crying Stress Paradigm

The study was presented to n = 195 mothers, of whom n =72 accepted to answer the screening questions. Man
reasons for declining partcipation were being tired, imminent return home, or being unavailable at the tme of the
LICSP. Of those who participated in the screening process, n = 20 had a screening score that did not allow their
group allocation, i.e., the perceived life threat of these women was not sufficienty low or high for them to confinue
with the study. The final study sample included n = 24 mothers at high-risk of CB-PTSDand n =28 CB-PTSD low-
risk mothers. Two partcipants from the low-risk conditon stopped the experiment after the stress phase and did

not complete the recovery period.

Sociodemographic, medical, and psychological characteristics of the sample are presented in Table 2. The high-
risk group reported a greater perceived life threat for the mother (p =0.002) and for the infant (p < 0.001). The low-
and high-risk groups significanty difiered in the type of delivery, with more vaginal births and planned caesarian
sections for the former, and more operatve vaginal birhs and emergency caesarian sections for the later (p <
0.001). Further, low-risk mothers had a significant higher parity (p = 0.022) and gravidity (p =.013) than high-risk
mothers. Asillustrated in Table 3, no significant group difierence was observed regarding procedural characterisics
of the LICSP. The baseline phase lasted on average 44 min (SD = 3 min), the stress phase 22 min (SD = 3 min),

and the recovery phase 43 min (SD =4 min).

Salivary cortisol response to psychosocial stress

Table 1 shows the characteristics of the salivary cortisol assessments during the LICSP. Analyses revealed a
significant ime eflect (F(5, 250) =4.84, p <0.001) for salivary cortisol (Figure 2). Salivary cortisol increase between
C2 (baseline) and C4 (expected peak response within early recovery period, 10 min post-stress) was not significant
(p=0.94, d=0.01), but a significant diference was observed between baseline (C2) and recovery period C7 (end
of paradigm, p = 0.027, d = -0.21) and within recovery at C5 (20min post-stress) and C7 (end of paradigm; p =
0.003; d=-0.27), revealing that cortisol was high at baseline and kept the samelevel up to the expected peak tme
point and reduced afterwards. There was a significant and moderate group eflect when controlling for the perceived
life threat for the infant (F(1, 309) = 5.20, p = 0.023, d = 0.53), with mothers of the high-risk conditon showing
slighty lower adjusted mean level of salivary cortisol (M =4.26, SD = 1.96) than the ones of the low-risk group (M

= 5.44, SD = 2.40). Further, an exploratory ANCOVA examining the role of breastieeding showed no significant
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group efect on salivary cortisol levels.

ANS response to psychosocial stress

ANS properties during the LICSP including HF power, LF power, and LF/HF rao are displayed in Table 1. A
significant time eflect was observed for HF power (F(3;142.47) = 4.59, p = 0.006) (Figure 2), with a significant
increase of HF power from the baseline (i.e., HF1) to the cognitive stressor (i.e., HF3) (p =0.004, d =0.21), followed
by a HF power decrease during the recovery (i.e., HF4) (p = 0.066, d = -0.20). A moderate group eflect was found
for HF power when controlling for the perceived life threat for the infant (F(1;197) =3.32, p=0.07, d = 0.53). Mothers

at risk of CB-PTSD showed higher adjusted mean of HF power (M= 508.01, SD = 351.36) than women at low-risk
(M=287.79, SD =469.47).

Regarding LF power, a significant tme eflect was observed (F(3;143.26) = 14.39, p < 0.001) (Figure 2). From the
baseline (i.e., LF1) to the cognitive stressor (i.e., LF3), LF power significanty increased (p< 0.001, d=0.77), before
significanty decreasing during the recovery (i.e., LF4) (p <0.001, d = -0.78) showing medium fo large eflect sizes.

No significant group efiect on mean of LF power was detected, even when adjusting for the perceived life threat for

the infant

There was a mean LF/HF ratio tme eflect (F(3;143.47) = 10.42, p < 0.001) (Figure 2) with a decrease between
baseline (LF/HF1)and the psychosocial stressor (i.e., LF/HF2, p=0.002, d =-0.29) and an increase to the cogniive
stressor (i.e., LF/HF3, p< 0.001, d = 0.54). The group eflect for the mean LF/HF rafio was large, and only significant
when controlling for the perceived life threat for the infant (F(1, 197) = 10.84, p <0.001, d =0.93), with mothers of
the high-risk condiion showing a lower adjusted mean of LF/HF ratio (M = 1.59, SD = 2.16) than the ones of the
low-risk group (M =3.95, SD = 2.83).

Perceived stress in response to psychosocial stress

A significant ime eflect was reported for perceived stress (F(9; 450) = 43.10, p < 0.001) (Figure 2). Perceived
stress from the baseline, i.e., VAS2, increased during the psychosocial and cognitve stressors (VAS4: p < 0.001,
d = 1.36; VAS5: p < 0.001, d = 1.84), and then reduced during recovery, i.e., VAS8 (p < 0.001, d = -1.79). The
group eflect was large and significant when confrolling for the perceived life threat for the infant (F(1, 517) = 25.89,

p <0.001, d = 0.91), but not otherwise. Hence, high-risk mothers reported more perceived stress (Madusted = 2.55,

SDadjusted = 1.17) than low-risk mothers during the LICSP (Madjusted = 1.53, SDadjusted = 1.07).
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DISCUSSION
Changes of psychophysiological stress responses occurring during the early postpartum period after a traumatic

childbirh have not been investigated so far. However, these changes might play a significant role in te
development of CB-PTSD. In this study, first evidence for te validation of a new stress paradigm, namely the

LICSP,was collected regarding the ANS and subjective stress responses of mothers in the early postpartum period

(2-3 days after childbirth).

Results revealed that the LICSP elicits ANS and subjective stress responses in women in the early postpartum
period. Mothers perceived increased levels of stress and an increase of LF power, which corresponds with primary
SNS activation as a response fo the stress task. In parallel, HF power representing PNS activaton also increased
during the stress task, which did not correspond with our expectations. Further, salivary cortisol did not change in
response o the stress task, but maintained at an increased level that already existed before the stress induction
up to the expected peak tme point in response to the stress task and declined afterwards, showing significantly

lower levels at the end of the paradigm than at baseline.

Further, the results of tis study revealed higher perceived stress, higher HF power, and lower LF/HF rafio in the
high-risk group when confrolling for the role of the perceived life threat for the infant, with moderate to large effect
sizes. Although these results need o be replicated, these group diflerences hint at future possibiliies of identifying

distinct early stress responses in mothers at high risk of developing CB-PTSD, with important implicatons for the

early identfication of those potentially in need of professional support

In sum, the LICSP revealed stress responses to the new paradigm in the total sample of postpartum mothers. There
was no increase of salivary cortsol in response to the LICSP, as mothers showed increased levels of cortsol
already at baseline. Reasons for this could be diverse but are likely to be linked to the anticipation of partcipating
in a study. First, mothers were instructed to breasteed and have lunch before the start of the LICSP at 1pm.
Managing these requirements, as well as the demands related to the early postpartum period (e.g., maternal and
newborn care, hospital schedule for lunch) might have been a source of stress, augmenting the mean baseline
salivary cortisol level. In addion, given tat mothers knew they would be separated from their infant during the
upcoming stress phase, they might have been more stressed by anticipating this moment Therefore, assessment

afler the anticipation period (C2) showed lower cortisol levels than during the baseline (C1) and remained higher
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than expected until after the expected peak in relation to the stress task. Potentially, an appropriate salivary cortsol

baseline could have been obtained by prolonging the baseline period.

Overall, the mean cortsol levels observed in the current sample were higher than what was previously observed in
traumatized vs. non-raumatzed women (38). In the early postpartum period, various confounders might have
influenced HPA activation, including sleep deprivaton and parenting challenges after birth (45, 68-70). Regarding
the cortisol reactivity, estrogen, progesterone, oxytocin and prolactn are known to play a major role in the initiation
and maintaining of lactation and might blunt or reduce HPA activation during a stress task (71, 72). A study reported
diminished blood corfisol reactivity in lactating women at 2 months postpartum (73). In contrast, cortisol levels in
our sample were increased. This discrepancy could be the result of the fact tat assessmenttook place only a few
days after childbirth when the lactation was only inifiated, which is a difierent stage of the postpartum period and
therefore difficult to compare. Further, cortisol levels could have been affected by hormonal condiions related to
the previous pregnancy state, but there is evidence shows that maternal salivary cortisol should return to pre-

pregnancy levels already at 12-24 hours postpartum (31, 32).

Another reason for these results could be that the overall level of stress during the stress phase may not have been
suficienty intense to further actvate the HPA axis (29). The limited social-evaluative threat (i.e., when some part
of the self is judged by others) might have caused less HPA activation during the LICSP (46), as, contrary o the
stress phase of the TSST that contains a panel of experimenters (47), the stress phase of the LICSP includes only
one experimenter. Therefore, the single experimenter might have had less social-evaluative impact, and therefore

limited the cortisol release. Further, the absence of a face-to-face feedback of the experimenter on the participant's

performance during the ICT may have decreased the social-evaluative threat (74).

The results clearly showed an increase in perceived stress and LF power, a marker for SNS activaton under stress,
and an unexpected parallel increase of HF power. This is contrary to a previous study with pregnant women
revealing HF power withdrawal, a decreased LF/HF ratio but no change of LF power (42). Given that following
childbirth, the HPA activation changes back to non-pregnant stages, similar refurns to a non-pregnant stage of ANS
activation could have been expected (31, 32, 75). However, an examination of the HF response pattern revealed
anincrease of HF power in the total sample, and particularly in the high-risk group. This could be related to the pain

condifon afler birth caused by compensatory sympatho-adrenal activation that includes catecholamine release into
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the circulation system (76) in the total sample, which may result in parallel acvation of SNS and PNS. It does not,
however, explain the diference between the high- and low risk groups. Interestingly, a previous study reported a
similar increase in maternal PNS activaton during a stress task that caused ruminations in relaton to the threat of
being separated from the child (77). This co-acvaton of SNS and PNSin the high risk group could be related to

the levels of hypervigilance afler the trauma (77), and could have caused contradictory PNS elevaton during the

task as mothers, while listening to infants’ crying, might have had ruminations linked to their baby’s wellbeing.

Moderate and large eflects were found for difierences between high and low-risk groups in relaton to other
physiological stress responses. We therefore conclude that, when conftroling for the infant life threat mothers at
high risk of CB-PTSD report more perceived stress and show altered ANS and HPA activation during a stress task
within the first days after childbirth. Psychophysiological stress mechanisms potentially involved in CB-PTSD
development seem fo be difierenty affected according to whether a danger was perceived for the mother or the
infant during childbirth. This is not surprising given that an admission to neonatal intensive care is a predictor of
CB-PTSD (78). This assumpton is supported by recent evidence showing that PTSD and CB-PTSD
symptomatology difler (78-80). Reassessment afier a couple of weeks might reveal a difierent stress response

pattern, particularly regarding the HPA response.

Strengths and limitations

This study addresses a methodological gap in perinatal stress research. To our knowledge, this is the first study
that examined physiological stress reactivity in mothers who recenty gave birth using a stress paradigm, which
allows assessmentin a hospital ward context The development of the LICSP was based on the gold standard of
lab-based stress testing, the TSST, which is a robust stress paradigm (46, 47). The sample of tis study included
mothers at risk of CB-PTSD with lower parity and more operafve vaginal deliveries and emergency caesarian
sections, which are known to be risk factors for CB-PTSD (13, 14, 17), thus suggesting a good internal validity. The
fact that the measurement of stress responses included psychological and physiological, namely both stress
branches (HPA axis and ANS), and the applicaion of a standardized procedure (LICSP), are strengths of the study.
The manipulaon check of the LICSP (Table 3) further revealed that high novelty, high dificuly and low

predictability but medium controllability were achieved.

Nonetheless, some limitaions must be highlighted. First the mean salivary cortisol level at baseline (C1) was
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higher than expected for a baseline (81). Future research could address tis by lengthening the baseline, although
the circumstances in tis early postpartum period might not allow tis to be feasible. Second, early postpartum
factors might have influenced stress responses and would need fo be assessed in the future (e.g., oxytocin
provoking a blunted HPA response) (71-73). Similarly, sleep deprivation (68-70), or lifestyle factors (e.g., history of
nicoine, alcohol or cafieine use) (45) could have caused physiological changes, none of which were included here
as covariates, given the small sample size. Fourth, potental PTSD symptoms resuling from previous fraumatic
events were not assessed, which could have impacted on the well-being of postpartum mothers (35, 36). Fifth, this
study would have benefited from the inclusion of a passive control group. Sixth, seven participants stopped te
surprise mental arihmetic task before entrely completng it leading to HRV missing data. To our knowledge,
previous studies did not report such defails. Consequenty, we cannot compare whether this early stress phase
termination is higher in our sample than in others populations. Finally, although the screening questions were based
on PTSD stressor criteria of DSM-5and previously used (1, 18, 49, 64), assessing CB-PTSDrisk with only these
two items is an important limitaton, and validated assessment of CB-PTSD risk should be developed o be

considered in future studies.

Future research perspectives

The literature suggests that an altered stress activity might play a major role in the development of PTSD, and thus
by extension, of CB-PTSD (4, 5). In our study, high-risk mothers perceived higher stress levels and showed altered
ANS and HPA activaton during the LICSP stress paradigm, when controling for the perceived infant life threat.
Given that important research gaps persist, further studies need to be conducted to beter understand these
psychological and physiological stress mechanisms at such an early tme period after giving birth and how these
are linked to the development of CB-PTSD later on. The findings of this study need replication in alarger sample,
and the LICSP procedure would benefit from further adaptations, including a change of condions for the baseline
assessment, and improving the psychosocial stressor of the LICSP in order o elicit more intense physiological
stress responses. Adding a passive control group is needed to betier understand the LICSP’s potential in eliciting
physiological stress responses. Regarding the uflity of the LICSP to identfy biomarkers specific to CB-PTSD,
longitudinal studies need to be conducted, with CB-PTSD assessmentat least one month following childbirth.
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Figure 1. The procedure of the Lausanne Infant Crying Stress Paradigm contains a baseline phase and recovery
phase, in which partcipants rest in their hospital room with their baby, as well as a stress phase, in which
parficipants complete three stressful tasks (i.e., 3-min anticipation of the infant crying test the infant crying test,
and a surprise mental arithmetc task) ina consultaion room. Atthe end of the recovery phase, an optional guided
relaxation is ofiered to partcipants. Salivary cortisol assessments are represented by salivetie icons, with te 1st
salivary sample (C1) taken 5 min before the beginning of the stress phase, the 2™ salivary sample (C2) taken after
the 3-min anticipation before the psychosocial and cognitive stressors, and the 3@ to 7t salivary samples (C3-C7)
taken after the stress phase at 10 min interval. Perceived stress are illustrated with the head icon, measured 10
fimes via a visual analogous scale (VAS) ranging from 1= not at all stressedto 5= extremely stressed. Heart rate
variability covering high-frequency (HF) power, low-frequency (LF) power, and LF/HF ratio is symbolized by the

heart icon and is measured at four different ime points.
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Figure 2. Mean psychophysiological stress reactvity during the difierent phases of the Lausanne Infant Crying
Stress Paradigm: (a) mean salivary cortisol for the total sample; (b) mean salivary cortisol for the low- and high-risk
groups; (c¢) mean HF power (HF, range: 0.15-0.4 ms?) for the fotal sample; (d) mean HF power for the low- and
high-risk groups; (e) mean LF power (LF, range: 0.04-0.15 ms?) for the fotal sample; (f) mean LF power for the low-
and high-risk groups; (g) mean LF/HF ratio for the total sample; (h) mean LF/HF rato for the low- and high-risk
groups; (i) mean perceived stress ratings (range: 1 = not at all — 5 = extremely) for the total sample; (j) mean
perceived stress for the low- and high-risk groups. Error bars represent standard error. Graphs showing mean group
stress response patterns over tme are unadjusted and were displayed for illustrative purposes. When conftroling
for the perceived infant life threat, significant or marginal group eflects on salivary cortisol release (d = 0.53%), HF
power (d = 0.537), LF/HF ratio (d = 0.93"), and perceived stress (d = 0.91**) emerged that are not indicated in
tis figure. Tp <0.10, *p < 0.05, **p < 0.01, **p < 0.001.
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Table 1. Descripive characteristics of the psychophysiological stress assessments

Total sample Low-risk group (n=28) High-risk group (n=24)
(n=52)
M SD M SD M SD
Salivary cortisol [nmol/l]

C1 level 5.5 (2.57) 5.31 (2.57) 5.72 (2.6)
C2 level 4.96 (2.19) 4.87 (2.27) 5.06 (2.15)
C3 level! 4.98 (2.13) 5.03 (2.31) 4.92 (1.96)
C4 level! 5.07 (2.35) 5.26 (2.79) 4.86 (1.79)
C5 level! 512 (2.47) 513 (2.8) 512 (2.12)
C6 level' 4.7 (2.13) 4.79 (2.29) 4.61 (1.98)
C7 level' 4.51 (2.19) 4.65 (2.51) 435 (1.82)

HF power [ms?]
HF1
HF22
HF323
HF4!
LF power [ms?]
LF1
LF22
LF323
LF41
LF/HF ratio
LF/HF1
LF/HF22
LF/HF32 3
LF/HF4!
Perceived stress
VAS1
VAS2
VAS3
VAS4
VAS5!
VAS6'
VAST
VAS8!

1299.73

359.56 (472.95)
386.04 (364.14)
454.3 (417.7)
369.2 (427.57)

646.08 (572.69)
497.08 (440.61)

(
663.36 (483.53)

2.95 (2.2
217 (3.09
3.74 (2,79

(

2.71(1.78

)
)
)
)
167 (0.83)
154 (0.67)
2.43 (0.96)
2.85 (1.19)
3.38 (1.29)
(1.19)
(0.87)

)

o O -

156(

1101.02)

409.07 (593.5)
371.93 (363.87)
413.04 (421.67)
416.19 (508.43)

609.82 (574.26)
410,44 (280.52)
(

(

1372.04 (1336.12)

602.81 (491.58)

2,67 (1.81)
2.26 (3.96)
439 (3.18)
2.38 (1.53)
154 (0.79)
15 (0.64)
2.25 (0.7)
2.89 (1.17)
3.38 (1.24)
196 (1.04)
15 (0.81)
138 (0.57)

301.79 (275.74)
401.92 (371.61)
499.48 (418.85)
318.29 (321.41)
688.38 (580.22)
59454 (560.67)
122052 (793.71)
728.96 (476.23)

3.27 (2.62)
2.06 (1.72)
3.03 (2.13)
3.07 (1.98)
183 (0.87)
158 (0.72)
2,65 (1.18)
2.79 (1.25)
3.38 (1.38)
2.54 (1.28)

1.88 (0.9)
1.75 (0.85)
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VASY! 146 (0.71) 1.23 (0.51) 1.71 (0.81)
VAS10! 1.27 (0.53) 1.15 (0.46) 1.39 (0.57)

Note. C1 = 1t salivary cortisol sample during the baseline; C2 = 2" salivary cortisol sample taken before the

psychosocial and cognive stressors; C3 = 3¢ salivary corisol sample during recovery after the stress task; C4 =
4 salivary corisol sample during early recovery; C5 = 5% salivary cortisol sample during mid recovery; C6 = 6
salivary cortisol sample during late recovery; C7 = 7t salivary cortisol sample during the recovery at the end of the
paradigm; HF = high-frequency power; HF1 = HF during baseline; HF2 = HF during the psychosocial stressor; HF3
= HF during the cognifve stressor; HF4 = HF during the recovery; LF = low-frequency power; LF1 = LF during
baseline; LF2 = LF during the psychosocial stressor; LF3 = LF during the cognitve stressor; LF4 = LF during te
recovery; LF/HF1 = LF/HF ratio during baseline; LF/HF2 = LF/HF rafio during the psychosocial stressor; LF/HF3 =
LF/HF ratio during the cogniive stressor; LF/HF4 = LF/HF ratio during the recovery; VAS = visual analogous scale
ranging from 1 =not all stressed to 5 = extremely stressed; VAS1 = perceived stress at the beginning of the LICSP;
VAS2 = perceived stress at C1; VAS3 = perceived stress at C2; VAS4 = perceived stress at the end of the ICT;
VASS = perceived stress at the end of the math; VAS6 = perceived stress at C3; VAS7 = perceived stress at C4;

VASS8 = perceived stress at C5; VAS9 = perceived stress at C6; VAS10 = perceived stress at C7. See Figure 1 for
the detailed study procedure.

"Two parficipants of the low-risk group dropped at the of the stress phase, resuling in two missing data points

2 Due to technical issues, the cardiac activity of one participant of the low-risk group was not recorded. Given >
30% of her data were missing, these data were not imputed.

3 Seven participants (niow-isk = 4, nnigh-isk = 3) decided to stop the surprise arithmetic task before the recording of the

3-min cardiac acfivity.
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Table 2. Descriptive of the sample

Total Low-risk group  High-risk group ~ Group difierence
sample (n=28) (n=24)
(n=52)
Sociodemographic and medical characteristics
Age (M, SD) 31.71 W=382.00, p =
33.48 (4.00) 31.83 (3.89)
(4.00) 0.276
Missingdata (N, %) 1(1.92) 1(3.57) 0
Civil status p =0.507
Married or in a relationship (N, %) 36 (69.23) 20 (71.43) 16 (66.67)
Single, separated, divorced, or
. 7(13.46) 3(10.71) 4 (16.67)
widowed (N, %)
Others (N, %) 2(3.87) 2(7.14) 0
Missingdata (N, %) 7(13.46) 3(10.71) 4 (16.67)
Education level p=0.407
Compulsory educaton (N, %) 3(5.77) 2 (7.14) 1(4.17)
Post-compulsory education (N,
1(3.57) 2
%)
Apprenticeship (N, %) 6(11.54) 2(7.14) 4 (16.67)
University (N, %) 30 (57.69) 17 (60.71) 13 (54.17)
Other (N, %) 3(5.77) 3(10.71) 0
Missingdata (N, %) 7 (13.46) 3(10.71) 4 (16.67)
Smoking p=0.242
Yes (N, %) 3(5.77) 3(10.71) 0
No (N, %) 42 (80.77) 22 (78.58) 20 (83.33)
Missingdata (N, %) 7 (13.46) 3(10.71) 4 (16.67)
Parity (M, SD) 0.40 W=436.00, p =
0.57 (0.74) 0.21 (0.66)
(0.72) 0.022
Gravidity (M, SD) 1.65 W=450.00, p =
1.89 (1.23) 1.38 (1.24)
(1.25) 0.013
Type of delivery p<0.001
Vaginal birth (N, %) 28 (53.85) 22 (78.57) 6 (25.00)
Planned caesarean section (N,
6(11.54) 5(17.86) 1(4.17)
%)
Vacuum-assisted vaginal delivery
(1.92) 0 1(4.17)

(N, %)
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Forceps delivery (N, %)
Emergency caesarean section
(N, %)
Psychological characteristics
Perceived life threat for the mother
(M, SD)
Perceived life threat for the infant
(M, SD)
Anxiety, HADS-A (M, SD)

Cronbach’s Alpha
Missingdata (N, %)
Depression, EPDS (M, SD)

Cronbach’s Alpha

Missingdata (N, %)

3(5.77)

14 (26.92)

177
(1.63)
3.00
(2.22)
6.91
(3.65)
0.72
8 (15.38)
6.75
(5.13)
177
(1.63)
3.00
(2.22)

0

1(3.57)

1.07 (0.26)

121 (0.42)

6.40 (3.25)

0.68

3(10.71)

5.24 (3.75)

107 (0.26)

121 (0.42)

3 (12.50)

13 (54.17)

258 (2.13)

5.08 (1.53)

758 (4.1)

0.76

5(20.83)

8.74 (6.06)

2,58 (2.13)

5.08 (1.53)

W =211.00, p =
0.002
W =6.00, p < 0.001

W =198.50, p =
0.360

W =155.00, p =
0.051
W =211.00, p =
0.002
W =6.00, p < 0.001

Note. HADS-A = anxiety subscale of the Hospital Anxiety and Depression Scale (range = 0-21); EPDS = Edinburgh

Postatal Depression Scale (range =0-30). Significant group difierences were tested with Fischer’s exact test (p),

or Mann-Whitney test (W).
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Table 3. Descriptve data of the Lausanne Infant Crying Stress Paradigm

Total Low-risk group  High-risk group ~ Group differences
sample (n=28) (n=24)
(n=52)
Time between birth and the LICSP 51:04 46:23 (21:50) 56:31 (21:27) W=236, p=
[hh:mm] (M, SD) (22:02) 0.068
LICSP start tme [hh:mm PM](M, SD) 1:13 1:13 (0:20) 1:15 (0:20) W=3095, p=
(0:20) 0.632
Baseline phase durafon [mm:ss] (M, 43:43 42:58 (2:45) 44:35 (4:01) W=256.5, p=
SD) (3:28) 0.146
Stress phase duraion [mm:ss] (M, SD) 21:41 21:58 (3:00) 21:23 (2:01) W =349, p =643
(2:39)
Missingdata (N, %) 1(1.92) 1(3.57) 0
Recovery phase duration [mm:ss](M, 42:37 43:10 (5:53) 42:02 (2:02) W=3415,p=
SD) (4:28) 0.561
Missingdata (N, %) 2(3.85) 2(7.14) 0
LICSP duraton [mm:ss](M, SD) 107.68 107.38 (4.73) 108 (4.56) W=2895, p=
(4.61) 0.668
Missingdata (N, %) 2(3.85) 2(7.14) 0
Breasteeding within the hour X2(1)=0.06, p =
preceding the stress phase 0.799
Yes (N, %) 9(17.31) 4 (14.29) 5(20.83)
No (N, %) 43 (82.69) 24 (85.71) 19 (79.17)
Characteristics ofthe stress phase
Novelty (M, SD) 77.80 7212 (29.91) 83.96 (25.75) W=2205, p=
(28.34) 0.061
Missingdata (N, %) 2(3.85) 2(7.14) 0
Dificuty (M, SD) 63.96 65.31 (23.42) 62.50 (22.70) W =335, p=0.66
(22.88)
Missingdata (N, %) 2(3.89) 2(7.14) 0
Stress (M, SD) 50.16 52.81 (24.61) 47.29 (29.82) W =345, p=
(27.09) 0.525
Missingdata (N, %) 2(3.89) 2(7.14) 0
Controllability (M, SD) 49.12 54.04 (33.32) 43.79 (23.48) W =376, p=
(29.19) 0.212
Missingdata (N, %) 2(3.89) 2(7.14) 0
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Predictability (M, SD) 32.73 36.88 (27.22) 28.00 (31.36) W=303, p=
(29.23) 0.247
Missingdata (N, %) 7 (13.46) 4 (14.29) 3(12.50)
Note. LICSP = Lausanne Infant Crying Stress Paradigm. Significant group diferences were tested with Mann-

Whitney (W) or Chi-square (X?) tests. Characteristcs of the stress phase were assessed on a 100-point Likert
scale, with 0 = not at all, 50 = moderately, 100 = extremely.
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8.3. AppendixC
Instructions for the screening questions

Dear Madam,

The next four questions are about how you experienced and perceived your birth. | would like you to tell me the
number that corresponds to your feeling/impression, knowing that 1 = not at all, and 7 = extremely. Don't get too
hung up on what answer o give: your immediate reaction to each queston will probably provide the best indication
of how you feel, compared to along thought-out answer. Also, when it comes to feelings, there are no right or wrong
answers.

1. Did you tink that your life was in danger?

1 2 3 4 5 6 7
| \ | \ | | |

Not at all Extremely

2. Did you think that your baby’s life was in danger?

1 2 3 4 5 6 7
| \ | \ | | |

Not at all Extremely

Table C.1. Group allocation based on the scoring of the screening questions

Group at low-risk of CB-PTSD _ Not eligible

Scoring of : If the scoring includes a response = 4, such as example : | Scoring of :
1-1 1-4 2-2

1-2 1-7 2-3

2-1 3-2

3-3

Note. CB-PTSD = childbirth-related post-traumatic stress disorder.
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8.4. AppendixD

The distinct influence of different maternal mental health symptom profiles on infant sleep during the first
year postpartum: a cross-sectional survey’

Vania Sandoz', Alain Lacroix', Suzannah Stuiizand!, Myriam Bickle Graz?, and Antie Horsch'2*

'Institute  of Higher Educaon and Research in Healthcare, University of Lausanne, Switzerland.
Vania.Sandoz@bluewin.ch

Institute  of Higher Educaion and Research in Healthcare, University of Lausanne, Switzerland.
Alain.Lacroix@bluewin.ch

dInstitute  of Higher Educaion and Research in Healhcare, University of Lausanne, Switzerland.
Suzannah.Stijfzand@protonmail.com

“Department Woman-M other-Child, Lausanne University Hospital, Swizerland. M yriam.Bickle-Graz@chuv.ch

SInstitute of Higher Education and Research in Healthcare, University of Lausanne, Switzerland and Department
Woman-M other-Child, Lausanne University Hospital, Swizerland. Anfie.Horsch@chuv.ch

Correspondence concerning this arfcle should be addressed to Prof. Anfe Horsch, Insfitute of Higher Educaton
and Research in Healthcare, University of Lausanne, Biopdle 2, Route de la Corniche 10, 1010 Lausanne,
Switzerland. Email: anfie.horsch@chuv.ch

5 Sandoz V, Lacroix A, Stuifizand S, Bickle Graz M, horsch A. The distinct influence of different maternal mental health sy mptom profiles
on infant sleep during the first y ear postpartum: a cross-sectional survey . Submitted to Early Human Dev elopment.

131


mailto:Vania.Sandoz@bluewin.ch
mailto:Alain.Lacroix@bluewin.ch
mailto:Suzannah.Stuijfzand@protonmail.com
mailto:Myriam.Bickle-Graz@chuv.ch
mailto:Antje.Horsch@chuv.ch
mailto:antje.horsch@chuv.ch

ABSTRACT
Background: The distinct infuence of diflerent, but comorbid, maternal mental healh (MMH) dificulties
(postpartum depression, anxiety, childbirth-related postraumatc stress disorder) on infant sleep is unknown,
although associations between MMHandinfant sleep were reported.

Aims: 1. To examine associatons between MMH symptoms and infant sleep; 2. To extract data-driven maternal
MMH symptom profles from MMH symptoms; 3. To investgate the distinct influence of these MMH symptom
profles on infant sleep, when including mediators and moderators.

Study design: cross-sectional study.

Subjects: French-speaking mothers of 3-12-month old infants (n=410).

Outcome measures: Standardized questionnaires assessed infant sleep (night waking and nocturnal sleep
duration), method to fall asleep, maternal perception of infant negative emotonality (temperament dimension), and
MMH symptoms. Sociodemographic data were also collected. Data was analyzed using 1. simple linear
regressions; 2. factor analysis; and 3. structural equation modelling.

Results: 1. MMH symptoms were all negatively associated with nocturnal sleep duraton. Only postpartum
depression and anxiety symptoms were associated with night waking. 2. Three MMH symptom profles were
extracted: depressive, anxious, and birth trauma profles. 3. The birth trauma profle (e.g., childbirth-related
flashbacks) was not associated with infant sleep. Maternal perception of infant negative emotionality mediated the
associatons between the depressive or anxious profles and infant sleep, but only for particular infant ages or
maternal education levels. Associations between MMH symptom profiles and infant sleep were not mediated by
the method o fall asleep.

Conclusions: The relatonships between MMH and infant sleep may involve distinct mechanisms, contingent on
maternal symptomatology.

Keywords: infant sleep, depression, PTSD, anxiety, birth trauma, mothers
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HIGHLIGHTS

Maternal depression or anxiety are linked to infant night waking or sleep duration.

Maternal perception of infant emperament mediates these relationships.

Links between childbirth-related PTSDand infant sleep are less evident

Method to fall asleep does not mediate any symptom profiles 1o infant sleep links.
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INTRODUCTION
Infant sleep and maternal mental health

The prevalence of sleep problems during infancy is estimated to be between 10% and 17% (1, 2). Mothers typically
reported short nocturnal sleep duration and/or night waking (1, 2). Focusing on sleep problems during infancy and
childhood is important because tey are negatively associated with maternal well-being (3, 4) and infant
developmental outcomes (5). Interestingly, 69% of child insomnia does not have a physical cause, suggesting that
it may be linked to parental behavior (6), e.g., nighime parening has been shown to be associated with infant
night waking (3). Thus, several maternal nightime behaviors may interfere with the infants acquision of self-
regulaion skills necessary to maintain sleep through the night or to self-soothe back to sleep (7). Associations

between maternal nightime parentng and maternal postpartum depression symptoms have also been reported
(7).

Postpartum depression is common following childbirth, as are anxiety, and childbirth-related postraumatc stress
disorder (CB-PTSD) (8-12). Postpartum depression is characterized by a general state of low mood and/or
anhedonia, and aflects 13% of mothers during the first year postparum (8, 9, 13). Anxiely involves worries,
avoidance, obsessions, and physical changes, and its prevalence is up to 15% of mothers during the first six months
postpartum (9, 10, 13). Finally, CB-PTSD develops after traumatic childbirth (i.e., perceived threat to te life of the
mother and/or infant) and contains symptoms of re-experiencing, avoidance, negatve cognitons and mood, and
hyperarousal (13, 14). The prevalence of maternal CB-PTSDis estmated at 3-4% in low-risk samples and 16-19%
in high-risk populations (11, 12).

Mounting evidence shows associations between maternal symptoms of postpartum depression or anxiety and the
sleep of their offspring (3, 4, 15-17). However, regarding causal associations, findings of the few prospective studies
are inconsistent, although recent results support mother-driven mechanisms in infancy (4, 15, 16). Moreover, the
influence of maternal CB-PTSD symptoms on infant sleep during the first year posfpartum has never been
investigated, although maternal CB-PTSD symptoms at 8 weeks postpartum were shown to be prospectively linked
to child sleep at 2 years postpartum (18).

The transactional model of infant sleep and parentng describes the interactions involved in infant sleep (7, 19).
This model proposes that infant sleep shares complex and ongoing relationships with 1) the distal extrinsic context
(e.g., maternal education), 2) the parenting factors context (e.g., maternal mental health), 3) infrinsic infant factors
(e.g., infant age), and 4) the parent-infant interactive context including interpersonal systems (e.g., maternal
perceplion of infant temperament) and interactive behaviors factors (e.g., bedtme interactons) (7, 19). The
evidence so far reported associatons between infant sleep, perinatal maternal mental health symptoms (mainly
depression), infant temperament (e.g., negatve emotionality, ofen referred to as negative affectivity or negatve
temperament) and bedtme interactions (e.g., method fo fall asleep), therefore supporting this theoretical framework
(7, 20-23). Note that these studies diverge by their participants’ age, variables of interest, study designs (e.g., cross
sectional or longitudinal), as well as assessmenttools and ime points for their offspring sleep and maternal mental
health. Importanty, findings on mechanisms underlying these associations are inconsistent and additonal research
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is therefore required, e.g., on the role of maternal perception of infant temperament in the relafionships between
maternal mental health and infant sleep.

Comorbidity of maternal mental health difficulties and their influence on infant sleep

Given the important comorbidity between maternal postpartum depression, anxiety, and CB-PTSD (13, 24-26), it
raises the question of whether these mental health dificulies are distinct childbirth-related phenotypes. For
example, in a recent cross-sectional study, postpartum depression and CB-PTSD symptoms loaded onto one-factor
model explaining 68% of the total variance, when excluding the overlapping symptoms (i.e., anhedonia, sleep
disturbance, and concentration dificulties) (24). Moreover, risk factors involved in comorbid postpartum depression
and CB-PTSD were difierent from the ones associated with postpartum depression or CB-PTSD alone (24).

Authors, therefore, suggested a specific postraumatc stress-depressive profle that difiers from postpartum
depression or CB-PTSD (24).

The comorbidity between maternal mental health dificulies during the postpartum period also raises the question
of how they interact together to influence infant sleep. To better understand the relatonships between these
postpartum disorders and infant sleep is important for both research and clinical practice. From a research point of
view, if postpartum depression, anxiety, and CB-PTSD are associated with infant sleep via shared mechanisms,
they could be investigated as one concept whereas if distinct processes are involved, they would have o be
considered separately. From a clinical point of view, tis could have major implications on how families are cared
for by perinatal health professionals, as mothers seldom experience symptoms of postpartum depression, anxiety,
or CB-PTSD alone. To our knowledge, the shared infuences of distinct mechanisms of postpartum depression,
anxiety, and CB-PTSD contributing to deleterious eflect oninfant sleep have never been examined so far.

The current study

The first purpose of the current study was to examine the associations between maternal symptoms of postpartum
depression, anxiety, or CB-PTSD and infant sleep (i.e., night waking and nocturnal sleep duration). Based on the
literature, maternal mental health symptoms were expected to be positively associated with infant night waking, but
negatively with nocturnal sleep duraton (3, 18). Given that postpartum depression, anxiety, and CB-PTSD are
comorbid (13, 24-26), the second aim consisted of extractng data-driven maternal mental health symptom profies.
Finally, the third aim was fo investgate the distinct influence of these maternal mental health symptom profiles on
infant sleep, when including mediators (i.e., the method to fall asleep and maternal perception of infant negative
emotionality) and moderators (i.e., maternal education or infant age). The pathways to be tested were based on
the transactional model of infant sleep and parenting (7, 19) (Figure 1).

[Insert Figure 1 - no color needed]
METHODS

Study design and population
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This online cross-sectional study included 410 mother-infant dyads. Mothers and birth parters (i.e., male or female
co-parent) first participated in a validaton study and then completed an optional part assessing infant sleep and
temperament Details of the maternal validaton study (n = 541) are reported elsewhere (27). Given that data
collection for the birth partners is stil ongoing, they will also be reported elsewhere. Therefore, the current paper
only includes mothers who completed the two parts of the survey. Maternal eligibility criteria consisted of being the
birth mother of an infant aged 3 to 12 months old, being = 18 years old, and speaking French. For the 1.2% of
parfcipants who had twins, only data related to the first-born baby was used in the current study.

Infant and maternal measures

Brief Infant Sleep Questionnaire: This maternal-report quesfionnaire assessed various infant sleep variables over
the previous week, such as nocturnal sleep duration (between 7pm o 7am), number of night waking, and method
of faling asleep with the following response options: while being fed = 1, while being rocked = 2, while being held
=3, alone in the crib=4, and in the crib with parental presence = 5(28). A French translaton and cultural adapfation
was carried out according to the forward—backward method (29). This questonnaire demonstrated good
psychometric propertes (28).

Negative Emotionality dimension of the Very Short Form of the Infant Behavior Questionnaire-Revised (IBQ-NEG):
This maternal-report questionnaire measured maternal perception of infant ttmperament, including the frequency
of recent and concrete infant behaviors reported by mothers on a 7-point Likert scale (30). One of the three
dimensions assessed by this maternal-report questionnaire is negative emotionality (IBQ-NEG). The|BQ-NEG 12-
items indicate the tendency for the infant to express negative emotions, suchas sadness, distress to limitation, and
fear (30). The fotal scoreranges from 11o 7, with a higher scoreindicating higher negative emotonality (30). Given
no validated French version exists, the forward-backward method was used for cultural adaptaon and French
translation (29). Good psychometric propertes were reported for this questionnaire (30), and the IBQ-NEG internal
consistency in this study was adequate (Cronbach’s a = 0.82).

Edinburgh Postnatal Depression Scale (EPDS): This 10-item self-report quesfonnaire assessed maternal
postpartum depression symptoms within the last week (31). A higher total score (range: 0-40) indicates higher
symptom severity (31). The French version of the EPDS showed good psychometric characterisics (32). In the

current study, internal consistency was appropriate (Cronbach’s a = 0.80) and slighty lower than that previously
reported in postpartum French-speaking mothers of Switzerland (33).

Anxiety Subscale of the Hospital Anxiety and Depression Scale (HADS-A): Anxiety symptoms occurring in the last
week were assessed with the HADS-A (34). The total score of this 7-item self-report questionnaire ranges from 0
to 21, with higher scores suggesting higher symptom severity (34). Good psychometric propertes have been

reported in the French version (35). In the current study, Cronbach’s a was good at 0.90, which was higher than
what was previously reported in postpartum French-speaking mother of Switzerland (36).
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City Birth Trauma Scale (City BiTS): The City BiTS is a selfreport tool measuring the frequency of CB-PTSD
symptoms over the last month (14). The City BiTS contains 29 items, with 20 of them evaluaing PTSD symptom
clusters of the Diagnostc and Statstcal Manual of Mental Disorders, 5" ed (DSM-5; criteria B o E), namely
infrusions, avoidance, negative cognitons and mood, and hyperarousal (13, 14). The City BiTS contains the birth-
relattd symptoms subscale and the general symptoms subscales (14). The birth-related symptoms subscale is
composed of items assessing symptoms of intrusion, avoidance, and a few that measure negafive cognitons and
mood. The general symptoms subscale consists of the rest of the items assessing negative cognitons and mood,
and hyperarousal symptoms. Greater severity of CB-PTSD symptoms is suggested by a higher fofal score, which
includes DSM-5 criteria B-E items (range: 0-60). The French version has demonstrated good psychometric
properties (27). The Cronbach’s a in the current study was good at 0.82, which was slighty lower than what was
observed in postpartum English-speaking mothers (27).

Sociodemographic and medical data: The following information was collected via single items completed by the
mothers: maternal age, marital status, and educational level (no education = 1, compulsory educaton = 2, post-
compulsory education = 3, university of applied science or university diploma of technology degree = 4, and
university =5), as well as weeks of gestation, and infant gender and age (=3 months to <6 months =1, =26 months
o <9 months =2, and =29 months to <12 months = 3).

Procedure

This online study was hosted on Sphinx iQ2, allowing data to be stored on a secure server owned by a Swiss
university hospital. Data was collected between June and September 2020. The study was advertsed mainly via
social media, such as Facebook and Instagram, but also via personal and professional networks, and nurseries.
Given that parfcipants had to complete the last page ofthe survey for data to be saved, no information was available
for early dropouts. The local ethics commitee classified te study as anonymous, therefore not requiring full

approval processing. Data are available free of charge and without restriction from the open access repository
Zenodo (htfps://doi.org/10.5281/zenodo.5070945) (37).

Statistical analysis

Descripive analyses and simple linear regressions were performed with IBM SPSS Statistics 27 (SPSS Inc.,
Chicago, IL, USA), while the rest of the analyses were carried out with R studio version 1.2.5033 and R version
3.6.2. Descriptive and exploratory analyses were conducted first to ensure that the data was appropriate for the

planned analyses.

To detect relationships between maternal symptoms of postpartum depression, anxiety, or CB-PTSD symptoms
and infant sleep (i.e., nocturnal sleep duration and night waking), six simple linear regressions were conducted.
Maternal EPDS, HADS-A, or City BiTS score were used as predictors; infant nocturnal sleep duraton or night

waking were dependent variables.

To establish maternal mental health symptom profiles, an exploratory factor analysis with tree predefined factors

was conducted. The factor scores were computed as the sum of the ittms having a factor loading greater than
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0.40. The main objective that drove this approach was the simplicity of interpretaion of the computed scores.
Cronbach’s a was used to assess internal consistency. A confrmatory factor analysis was then conducted o assess
the quality of the model. The following fit indices were used to evaluate te fit to the data: Root Mean Square Error
of Approximation (RMSEA), Comparative Fit Index (CFl), Tucker-Lewis Index (TLI), and Standardized Root Mean
Square Residual (SRMR). As a non-significant x2 test, indicating a good fi, is rarely obtained with a large data set
(38), we used the statistic adjusted by its degrees of freedom instead. RMSEA values below .06, CFland TLI values
above .95, and SRMR values below .08 indicate a good fit (39). It has then been suggested, with some consensus
in the psychometric literature, that a model demonstrates reasonable fit if the value of x2/df does not exceed 3.0
(40). No outliers were detected.

Finally, to take into account the role of mediators (i.e., IBQ-NEG and method of falling asleep) and moderators (i.e.,
maternal educational level and infant age) in the associations between maternal mental health symptom profiles
and infant sleep, we first recoded the educational level and method of faling asleep into dichotomous variables.
Low educational level included responses 1, 2, and 3, whereas high educational level comprised responses 4 and
5. Regarding the method of faling asleep, responses 1, 2, 3, and 5 were grouped as interactve method of faling
asleep, while the non-interactve method of falling asleep only included response 4. This choice was theory-driven,
since infants who fall asleep with minimal parental involvement (e.g., alone in teir crib) were reported to have
beter sleep outcomes (7). Mediaton and moderation efiects have been tested using structural equation modelling.
To test for the significance of the indirect efects within the mediaion models, bootstrapping with 1000 iteraions
was used.

Due o a technical issue, the response of one participant was missing for nocturnal sleep duration, which was not
imputed. Results were considered as significant at p < .05.

RESULTS

Mothers were on average 30.20 years old (SD = 4.36), and most of them (94.9%) reported being in a couple
relationship. Concerning infants, 51.7% were female and their age was, to a certain extent equally distributed
between categories (Table 1). Regarding the method to fall asleep, 56.8% children fell asleep with an interactve
method, while a43.2% required a non-interactve method of falling asleep. In addifion, 31.7% mothers had a low
educational level and 68.3% reported ahigh educational level. More information on the characteristics of the sample
are displayed Table 1.

[Insert Table 1- no color needed]
Associations between maternal mental health symptoms and infant sleep problems

Associafions between maternal mental health symptoms (i.e., fotal score of EPDS, HADS-A, and City BiTS) and

infant sleep (i.e., night waking and nocturnal sleep duration) are shown in Table 2. All associations tested were
significant, except for the association between City BiTS fotal scoreand night waking.

[Insert Table 2 - no color needed]
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Maternal mental health symptom profiles

Loading values > 0.40 resuling from the exploratory factor analysis with 3 predefined factors are displayed in Table
3. The quality indices showed an acceptable ft to the data (RMSEA = 0.074, CFl ==.862, TLI = 0.851, y2/df =
3.238, SRMR = 0.056). Eight EPDS ittms, 2 HADS-A items, and 8 City BiTS items loaded on the first factor, which
was named the depressive profile. Only 9 City BITS items, all of which from the birth-related symptoms subscale,
loaded on the second factor, eniled the birth trauma profile. Finally, 3 EPDS ittms, 4 HADS-A items, and 2 City
BiTS items loaded on the third factor that was called the anxious profile. ltlem 11 of the HADS-A and ittms 8 and
18 of the City BiTS were included in neither of these three latent factors, since their loading values were < 0.40.
The depressive profile was highly correlated with the anxious profile (r=0.81, p <.001), but moderately with birth
trauma profile (r=0.41, p <.001). The anxious profle was also moderately correlated with the birth trauma profile
(r=0.46, p<.001).

[Insert Table 3 - no color needed]
Associations of maternal mental health symptom profiles to infant sleep problems

Out of the 24 moderated mediaion models, five were significant (Table 4). Non-standardized befa coeficients are
displayed in Figure 2. The association between the depressive profile and night waking was mediated by IBQ-NEG,
whatever the infant age (model 1) or maternal educaton level (model 2). The associaion between the depressive
profle and sleep night duraton was also mediated via IBQ-NEG for infants aged 6 to 9 months (model 3). Finally,
IBQ-NEG mediated the association between the anxious profle and night waking, but only when infant age was

between 3 to 6 months (model 4) or maternal educational was high (model 5). Statistical information on the non-
significant moderated mediaion models is reported in Supplementary material.

[Insert Table 4 - no color needed]

[Insert Figure 2 - no color needed]
DISCUSSION

To our knowledge, this is e first study to explore the distinct effects of different, but comorbid, maternal mental
health dificules (postpartum depression, anxiety, and CB-PTSD) on infant sleep in the first year postpartum.
Maternal postpartum depression and anxiety symptoms were associated with more night waking and less nocturnal
sleep duration, as reported in previous studies (3, 4), whereas CB-PTSD symptoms were only associated with a
shorter nocturnal sleep duraton. When analyzing the EPDS, HADS-A, and City BiTS items, three mental health
symptom profles emerged, namely the depressive, the birth tauma, and the anxious profles. The mothers’
perceplion of infant negative temperament mediated several associations. Hence, maternal perception of infant
negafve emotionality mediated the association between the depressive profle and night waking, whatever the
infant age (model 1) or maternal education (model 2); in 6-9 months old infants the association between depressive
profle and nocturnal sleep duration (model 3); and finally, the association between the anxious profle and night
waking when infants were 3 to 6 months old (model 4) or maternal education was high (model 5). We found no
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mediating effect of infant temperament percepiion on the associaion between the birth rauma profle and infant
sleep. Finally, the method to fall asleep did not mediate the influence of any of the maternal mental health symptom
profles on infant sleep problems, contrary to what was expected based on the fransactional model of infant sleep
and parenting (7).

In contrast to assumptions, maternal symptoms of CB-PTSD were not linked to infant night waking. One explanation
may be that the infant may act as a reminder of the rauma, which could trigger re-experiencing symptoms (41, 42).
As a result, mothers may experience infant-related avoidance (PTSD criteria C), and require their partner to care
for the infant at night (41, 42). This is supported by findings demonstrating that mothers with CB-PTSD symptoms
showed infant-directed hostiity and diminished pleasure when interaciing with their infant (41). Moreover, mothers
with a likely CB-PTSD diagnosis showed less desire for proximity to their ofispring (41). This assumpton is
speculatve though, since partner involvement was not assessed in our study.

The unexpected lack of association between maternal CB-PTSD symptoms and night waking contrasts with the
significant negative relationship observed between maternal CB-PTSD symptoms and nocturnal sleep duration.
CB-PTSD-specific mechanisms associated with infant sleep may difer from the ones related to postpartum
depression or anxiety. Given that CB-PTSD symptoms can impact maternal infant perception (41), mothers with
CB-PTSD symptoms could have distorted beliefs concerning the expected night waking in infants, which might
influence their reporting; however, this remains to be investigated. Since maternal CB-PTSD symptoms at 8 weeks
postpartum prospectively predicted child sleep problems at wo years postparum (18), tis suggests that the
consequences of the intergeneraional transmission of stress and frauma on infant sleep may develop after the first
year postpartum.

Three profles of mental health symptoms in mothers during the postpartum period emerged, namely the
depressive, birth trauma, and anxious profiles. The depressive profile was characterized by symptoms linked to low
mood, anhedonia, concentration problems, guilt, anger, irritability, social detachment, and self-destructon. The
birth rauma profile covered symptoms including intrusive memories, avoidance, and negative mood and cognitions,
all of which are related to childbirth. Finally, in the anxious profle symptoms of excessive worrying, infant-unrelated
sleep dificulies, panic, and fear were present Both the depressive and anxious profiles were composed of various
symptoms of postpartum depression, anxiety, and CB-PTSD, while the birth frauma profle contained solely birth-
relattd symptoms of CB-PTSD. In line with previous findings (24), this may suggest that these mental health
dificulties are not totally distinct childbirth-related phenotypes. Given the important comorbidity of these disorders
(13, 24-26), adoping a holistic approach and using maternal mental health symptom profiles can be of relevance
for both clinical and research practice.

Three items of the City BiTS and HADS-A questionnaires did not contribute o the mental health profiles, which is
relevant from a theorefical point of view. City BiTS item 8 relates to the dificulty of remembering the birth. Unlike
other raumatic events, mothers usually experience childbirth with a birth partner, who can remind them about their
experience. City BiTS item 18 refers to hypervigilance and HADS-A item 6 o feeling restess, and both could be
seen as the norm when taking care of an infant
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Finally, an important aspect of the current study is the exploration of te distinct influence of the tree profiles of
maternal mental healh symptoms on infant sleep problems. Both the associations between the depressive or
anxious profles and infant sleep were mediated by maternal perception of infant negatve emotionality. Maternal
symptoms of postpartum depression and anxiety have been shown o be associated with maternal perception of
infant negative emotionality (43). Moreover, anxious or depressed mothers tended to report more dificult infant
temperament, or to show more hostile feelings towards their infant and a more negative perception of their behavior
in comparison with controls, respectively (44, 45). This negative perception of the infant may be linked o a behavior
less attuned to their infant in depressed or anxious mothers, interfering with the acquision of self-regulation  skills
(46). Thus, the associations between maternal depressive or anxiety sympioms and infant sleep may share
common mechanisms, as illustrated by the high correlations observed between te depressive and anxious profiles.

Itis important to note that the mediating eflect in mothers with an anxious profile of the perception of negative infant
temperament on night waking was only significant when maternal educaton was high or for infants aged 3 to 6
months old. A study showed that 4-months-old infants of mothers with a panic disorder woke up more ofen than
controls (17). Their mothers were less sensitve with them and displayed parenting behaviors that may interfere
with infant sleep (e.g., increased feeding at night) (17). The longest selfregulated sleep period (i.e., tme of
behavioral quietude with sleep and calm awakening) starts stabilizing around 4 months (47). It is therefore likely
that infants aged between 3 to 6 months begin to sleep at night without manifesting distress, since they can self-
soothe alone (47). In anxious mothers, who have a negative infant perception, hypervigilant behaviors towards their
infant might develop as a response to this new sleep rhythm. For example, mothers, who are used to repeatedly
waking up to help their infant fall back to sleep, may need to alleviate their anxiety by ensuring that their infant is
healthy when they start sleeping through the night which may inadvertently lead to maternal intrusive behavior (3).

This intrusive maternal behavior may, in urn, impede infant sleep (4).

The finding related to maternal education was surprising. A higher educational level may give indications on the
socioeconomic environment that is associated with parental cogniions and style, which are related to infant sleep
(7). This remains to be explored in more detail in further studies.

Maternal perception of negative infant ttmperament mediated the association between the depressive profile and
nocturnal sleep duration, but only for infants aged between 6 to 9 months. By the age of 6 months, infants are
expected fo sleep throughout the night (48). Teti and Crosby described behaviors in mothers with high depression
symptoms who had concerns regarding infant needs at night that could result in infant waking (3). Authors proposed
that mothers would engage in behaviors at night that would not aim to soothe their infant but rather to bring her
closer to them (e.g., nursing them without sign of hunger, picking up their sleeping infant) (3). Their primary goal
would then be to safisfy their own emotional needs (3). Furthermore, the possible cessation of breasteeding
occurring at tis me (i.e., the rates of breastieeding fall fom 60% at 2 months postpartum, to 42% at 6 months
postpartum, and 24% at 12 months postpartum (49)) might also explain this result, since breastieeding is a soothing
method (48). Thus, depressive mothers with a negative infant perception may struggle to soothe their infant with
less than maximal maternal support (e.g., rocking their infanf) (48), which, in turn, may interfere with te infant
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acquiring self-regulation competencies (7). This hypothesis remains o be tested though.

Finally, it is interestng to note that the effect of the birth rauma profile on infant sleep was not mediated by the
mother’s perception of negative infant emotionality. Our findings, therefore, suggests that different maternal mental
health symptoms influence infant sleep through distinct mechanisms. Recent results observed a lack of association
between maternal birth-related symptoms of CB-PTSD and bonding, while general symptoms of CB-PTSDhad a
direct effect on bonding and an indirect effect via depressive symptoms (50). This suggests that the two dimensions
of CB-PTSD, namely the birth-related symptoms and general symptoms, may have disinct infuence on infant
oufcomes.

Strengths and limitations

This study addressed several gaps in te literature in perinatal research. To our knowledge, this is the first study to
examine maternal CB-PTSD symptoms in relaon to infant sleep. Secondly, this study considered the high
comorbidity between the difierent maternal mental health dificulties, and explored for te first ime te associaton
between distinct maternal mental health symptom profiles and infant sleep. Third, the large sample size allowed
the use of advanced analyses confrolling for moderators and mediators, maximizing the potential insights that could
be gained from the current study. Finally, the current study has important clinical and research implications. Our
findings suggest that maternal negative perception of infant temperament mustbe considered in patients with infant
sleep problems, as future infant sleep interventions could target tis perception. From a research perspective, future
studies should examine the mechanisms involved in the associatons between maternal mental health symptom
profiles, infant sleep, maternal perception of infant temperament, socioeconomic factors, and infrinsic infant factors.

Nonetheless, some limitations must be highlighted. First of all, information on current breasteeding status, and
partner involvement or mental health was not collected. The role of these variables in the relatonship between
maternal mental health and infant sleep could thus not be examined in the present analyses. Second, given the
study design (i.e., online cross-sectional study), no physiological measure of sleep was collected and data were
maternal-reported. This could have infroduced a self-report bias although it has been reported that the number of
infant night waking reported by mothers was not biased by maternal postpartum depression (3). Future research
should therefore use objecive measures (e.g., actigraphy, clinical interviews or behavioral assessment) not only in
infants, but also in both parents during the pregnancy and postpartum period (7). This leads to the third limitation
of tis study, which was the lack of maternal mental health measurement during pregnancy. Indeed, antenatal
maternal depression symptoms were prospectively associated with infant sleep (15). Thus, the current study would
have benefited from controling for antenatal maternal mental health symptoms. Fourth, for staistcal purposes,
the method-to-fall-asleep variable was grouped into a dichotomous variable. Hence, the sensitvity of tis measure
may have been impacted while performing tis statistcal manipulaton, which could potentially explain that the
method fo fall asleep did not mediate any relationships between maternal mental health symptom profle and infant
sleep. Finally, no information was collected on the reasons for the choice of method to fall asleep used by mothers,
nor on maternal cogniions linked to their parening style during the night Such information would definifvely be
interesting in future research to examine the influence of maternal mental health on infant sleep.

142



ACKNOWLEDGEMENTS
Authors would like to acknowledge Ms Yasmina Mabrouk for her help with data collection, as well as
the women who shared their valuable time and took part in this study.
FUNDING
This study was supported by a project grant from the Swiss National Science Foundation (AH, grant
number 32003B_172982). AH is a management committee member of COST action CA18211.
AUTHOR CONTRIBUTIONS

Conceptualization, VS, AH, SS, and MBG; Data curation, AL, and VS; Formal analysis, AL, VS, and
AH; Funding acquisition, AH; Investigation, VS, and AH; Methodology, VS, AH, MBG, and SS;
Project administration, VS and AH; Resources, AH; Software, AL and VS; Supervision, AH; Writing,

VS, AH, MBG, and AL.

CONFLICT OF INTEREST

The authors have no conflict of interest to disclose related to this manuscript.

143



REFERENCES

1. Williamson AA, Mindell JA, Hiscock H, Quach J. Child sleep behaviors and sleep problems from infancy to
school-age. Sleep Medicine. 2019;63:5-8.

2. ByarsKC, Yolion K, Rausch J, Lanphear B, Beebe DW. Prevalence, patterns, and persistence of sleep
problems in the first 3 years of life. Pediafrics. 2012;129(2):e276-84.

3. Teti DM, Crosby B. Maternal depressive symptoms, dysfunctional cogniions, and infant night waking: the role
of maternal nightime behavior. Child Development 2012;83(3):939-53.

4. Cook F, Conway L, Garfand D, Giallo R, Keys E, Brown SA. Profiles and predictors of infant sleep problems
across te first year. Journal of Developmental & Behavioral Pediatrics. 2020;41(2):104-16.

5. SpruytK. A review of developmental consequences of poor sleep in childhood. Sleep Medicine. 2019;60:3-12.

6. Kahn A, MozinMJ, Rebuffat E, Sotiaux M, Muller MF. Milk intolerance in children with persistent
sleeplessness: a prospective double-blind crossover evaluation. Pediatrics. 1989;84(4):595-603.

7. Sadeh A, Tikotzky L, Scher A. Parenting and infant sleep. Sleep Med Rev. 2010;14(2):89-96.

8. Gavin NI, Gaynes BN, Lohr KN, Melizer-Brody S, Gartiehner G, Swinson T. Perinatal depression: a systematic
review of prevalence and incidence. Obstetrics & Gynecology. 2005;106(5 Part 1):1071-83.

9. O'Hara MW, Wisner KL. Perinatal mental illness: definifion, descripiion and aetiology. Best pracice research
Clinical obstetrics gynaecology. 2014;28(1):3-12.

10. Dennis C-L, Falah-Hassani K, Shiri R. Prevalence of antenatal and postnatal anxiely: systematic review and
meta-analysis. The Briish Journal of Psychiatry. 2017;210(5):315-23.

11. Grekin R, O'Hara MW. Prevalence and risk factors of postpartum postraumatc stress disorder: a mefa-
analysis. Clinical psychology review. 2014;34(5):389-401.

12. Dikmen-Yildiz P, Ayers S, Philips L. The prevalence of postraumatic stress disorder in pregnancy and after
birth: a systematic review and meta-analysis. Journal of affectve disorders. 2017;208:634-47.

13. American Psychiatric Associafion. Diagnostc and staistical manual of mental disorders. 5 ed. Arlington, VA:
American Psychiatric Publishing; 2013.

14. Ayers S, Wright DB, Thornton A. Development of a measure of postpartum PTSD:the City Birth Trauma

Scale. Frontiers in psychiatry. 2018;9:409.

144



15. Dias CC, Figueiredo B. Mother's prenatal and postpartum depression sympioms and infants sleep problems
at 6 months. Infant MentHealth J. 2020;41(5):614-27.

16. Petzoldt J, Witichen HU, Einsle F, Martini J. Maternal anxiety versus depressive disorders: specific relations
to infants' crying, feeding and sleeping problems. Child Care Health Dev. 2016;42(2):231-45.

17. Warren SL, Gunnar MR, Kagan J, Anders TF, Simmens SJ, Rones M, et al. Maternal panic disorder: infant
temperament, neurophysiology, and parenting behaviors. Journal of the American Academy of Child &
Adolescent Psychiatry. 2003;42(7):814-25.

18. Garthus-Niegel S, HorschA, Bickle Graz M, Martini J, von Soest T, Weidner K, et al. The prospective
relatonship between postpartum PTSDand child sleep: A 2-year follow-up study. Journal of affective
disorders. 2018;241:71-9.

19. Sadeh A, Anders TF. Infant sleep problems: origins, assessment, interventions. Infant MentHealth J.
1993;14(1):17-34.

20. Parade SH, Wong K, Belair R, Dickstein S, Seifer R. Infant sleep moderates the effect of infant temperament
on maternal depressive symptoms, maternal sensitivity, and family functioning. Infant Behavior and
Development 2019;57.

21. Field T. Infant sleep problems and interventions: a review. Infant Behavior and Development 2017;47:40-53.

22. MorrellJ, Steele H. The role of attachment security, ttmperament, maternal perception, and care-giving
behavior in persistent infant sleeping problems. Infant Mental Health Journal. 2003;24(5):447-68.

23. Burdayron R, Butier BP, Béliveau M-J, Dubois-Comtois K, Pennestri M-H. Perception of infant sleep
problems: the role of negatve affectiviy and maternal depression. Journal of clinical sleep medicine.
2021;17(6):1279-85.

24. Dekel S, Ein-Dor T, Dishy GA, Mayopoulos PA. Beyond postpartum depression: postraumatic stress-
depressive response following childbirth. Archives of Women's Mental Health. 2020;23(4):557-64.

25. Dikmen-Yildiz P, Ayers S, Phillips L. Depression, anxiety, PTSDand comorbidity in perinatal women in
Turkey: a longitudinal population-based study. Midwifery. 2017;55:29-37.

26. Agius A, Xuereb RB, Carrick-Sen D, Sultana R, Rankin J. The co-existence of depression, anxiety and post-

traumatic stress symptoms in the perinatal period: a systematic review. Midwifery. 2016;36:70-9.

145



27. Sandoz V, Hingray C, Stuifzand S, Lacroix A, EIHage W, Horsch A. Measurementand conceptualizaton of
maternal PTSD following childbirth: psychometric propertes of the City Birth Trauma Scale — French
version (City BIiTS-F). Psychological Trauma: Theory, Research, Pracfice, and Policy. 2021.

28. Sadeh A. A brief screening questionnaire for infant sleep problems: validaton and findings for an Internet
sample. Pediatrics. 2004;113(6):€570-e7.

29. Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-Lorenz A, et al. Principles of Good Practce for
the Translaton and Cultural Adaptation Process for Patient-Reported Outcomes (PRO) Measures:
report of the ISPOR Task Force for Translation and Cultural Adaptation. Value in health. 2005;8(2):94-
104.

30. Putnam SP, Helbig AL, Gartstein MA, Rothbart MK, Leerkes E. Development and Assessment of Short and
Very Short Forms of the Infant Behavior Questionnaire-Revised. Journal of Personality Assessment
2014;96(4):445-58.

31. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh
Postatal Depression Scale. The Briish journal of psychiatry. 1987;150(6):782-6.

32. Guedeney N, Fermanian J. Validaion study of the French version of the Edinburgh Postatal Depression
Scale (EPDS): new results about use and psychometric properties. European psychiatry. 1998;13(2):83-
9.

33. Sandoz V, Stuifzand S, Lacroix A, Deforges C, Quillet Diop M, Ehlert U, et al. The Lausanne Infant Crying
Stress Paradigm: validation of an early postpartum stress paradigm with women at low- vs. high-risk of
childbirth-related postraumatic stress disorder. J Pers Med. 2021;11(6):472.

34. Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. Acta psychiatrica scandinavica.
1983;67(6):361-70.

35. Bocéréan C, Dupret E. A validation study of the Hospital Anxiety and Depression Scale (HADS)in a large
sample of French employees. BM C Psychiatry. 2014;14(1):354.

36. Horsch A, Vial Y, Favrod C, Morisod Harari M, Blackwell SE, Watson P, et al. Reducing infrusive traumatic
memories after emergency caesarean secfion: a proof-of-principle randomized controlled study.

Behaviour research and therapy. 2017;94:36-47.

146



37. Sandoz V, Horsch A. Dataset of The distinct infuence of different maternal mental health symptom profiles on
infant sleep during the first year postpartum: a cross-sectional survey. 2021.

38. Barrett P. Structural equation modelling: Adjudging model fit Personality and Individual difierences.
2007;42(5):815-24.

39. Hu L, Benter PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus
new alternatives. Structural Equation Modeling: A Multidisciplinary Journal. 1999;6(1):1-55.

40. Kline RB. Principles and practice of structural equation modeling. 4 ed: Guilford publications; 2015.

41. Davies J, Slade P, Wright |, Stewart P. Postraumatic stress symptoms following childbirth and mothers'
perceptions of their infants. Infant MentHealth J. 2008;29(6):537-54.

42. Harrison SE, Ayers S, Quigley MA, Stein A, Alderdice F. Prevalence and factors associated with postpartum
postraumatic stress in a population-based maternity survey in England. Journal of affective disorders.
2020;279:749-56.

43. Sechi C, Vismara L, Rollé L, Prino LE, Lucarelii L. FirstTime Mothers’ and Fathers’ Developmental Changes
in the Perception of Their Daughters’ and Sons’ Temperament Its Association With Parents’ Mental
Health. Front Psychol. 2020;11.

44, Cornish AM, McMahon CA, Ungerer JA, Barnett B, Kowalenko N, Tennant C. Maternal depression and the
experience of parentng in the second postnatal year. Journal of Reproductive and Infant Psychology.
2006;24(2):121-32.

45. McMahon C, Barnett B, Kowalenko N, Tennant C, Don N. Postnatal Depression, Anxiety and Unsetied Infant
Behaviour. Australian & New Zealand Journal of Psychiatry. 2001;35(5):581-8.

46. Sadeh A, FlintOfir E, Tirosh T, Tikoizky L. Infant sleep and parental sleep-related cogniions. Journal of
family psychology : JFP : journal of the Division of Family Psychology of the American Psychological
Association (Division 43). 2007;21(1):74-87.

47. Henderson JMT, France KG, Blampied NM. The consolidaion of infants' nocturnal sleep across te first year
of life. Sleep Medicine Reviews. 2011;15(4):211-20.

48. Thirion M, Challamel M-J.Le sommeil, le réve et I'enfant Paris, France: Albin Michel; 2011.

147



49. Magarey A, Kavian F, Scott JA, Markow K, Daniels L. Feeding mode of Australian infants in the first 12
months of life: an assessmentagainst national breastieeding indicators. Journal of Human Lactation.
2015;32(4):NP95-NP104.

50. Naki¢ Rado S, Matjag M, Andelinovié M, Carblovni A, Ayers S. The role of postraumatic stress and

depression symptoms in mother-infant bonding. Journal of affective disorders. 2020;268:134-40.

148



Table 1. Descriptve Characteristics of the Sample

Participants (n=410)

M (SD) n (%)
Maternal age 30.20 (4.36)
Educational level
No education 2(0.5)
Compulsory education 25 (6.1)
Post-compulsory education (e.g., apprentceship) 103 (25.1)
University of Applied Science or University Diploma of 88 (21.5)
Technology Degree
University 192 (46.8)
Marital status
Single 14 (3.4)
In a couple relationship 389 (94.9)
Separated, divorced, or widowed 7(1.7)
EPDS total score 9.05 (6.76)
HADS-A total score 7.84 (4.26)
City BiTS fofal score 13.12 (10.81)
Infant gender
Female 212 (51.7)
Male 198 (48.3)
Weeks of gestation 39.11 (1.90)
Infant age
=23 months to <6 months 147 (35.9)
=6 months to <9 months 133 (32.4)
=9 months to <12 months 130 (31.7)
Nocturnal sleep duration (min) 611.04 (85.985)
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Missing data 1(0.2)
Night waking 1.44 (1.59)

Method 1o fall asleep

While being fed 90 (22)

While being rocked 74 (18)

While being held 22 (5.4)

Alone in the crib 177 (43.2)

In the crib with parental presence 47 (11.5)
IBQ-NEG 3.36 (1.10)

Note. City BiTS = City Birth Trauma Scale; EPDS = Edinburgh Posthatal Depression Scale; HADS-A = Anxiety
subscale of the Hospital Anxiety and Depression Scale; IBQ-NEG = Negative Emotionality dimension of the Very
Short Form of the Infant Behavior Questionnaire-Revised
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Table 2. Simple Linear Regression Models

Model Predictor Dependent variable n B R? F p

1 EPDS Night waking 410  0.03 0.019 8.08 .005
2 EPDS Nocturnal sleep duration 409  -2.51 0039 1654  <.001
3 HADS-A Night waking 410  0.04 0.011 449 035
4 HADS-A Nocturnal sleep duration 409  -2.59 0.016 6.77 010
5 City BIiTS Night waking 410  0.01 0.004 1.60 207
6 City BiTS Nocturnal sleep duration 409  -0.80 0.010 417 042

Note. EPDS = Edinburgh Postatal Depression Scale; HADS-A = anxiety subscale of the Hospital Anxiety and
Depression Scale; City BiTS = City Birth Trauma Scale.
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Table 3. Exploratory factor analysis with tree predefined factors (n=410)

llems Depressive profile Birth rauma profile Anxious profile
EPDS

1. Being able to laugh and see the funny side of tings. 0.70

2. Looking forward with enjoyment to things. 0.62

3. Blaming oneself unnecessarily when things went wrong. 0.51

4. Being anxious or worried for no good reason. 0.65
5. Feeling scared or panicky for no very good reason. 0.66
6. Things have been geting on top of oneself. 0.53

7. Being so unhappy that one’s have had dificulty sleeping. 0.51 0.44
8. Feeling sad or miserable. 0.70

9. Being so unhappy that one’s have been crying. 0.65

10. The thought of harming oneself has occurred. 0.49

HADS-A

1. Feeling tense or angry. 0.64

2. Feeling scared like something might happen to oneself. 0.64
3. Worrying. 0.66
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4. Siting restfully doing nothing and feeling calm.

5. Feeling scared and having knots in one’s stomach.

6. Feeling restess and finding it dificult to stay in place.

7. Ofien feeling panicky.
City BiTS: birth-related symptoms
1. Recurrent unwanted memories of the birth...

2. Bad dreams or nightmares about the birth ...

3. Flashbacks to the birth and/or reliving the experience.

4. Getting upset when reminded of the birth.

5. Feeling tense or anxious when reminded of the birth.
6. Trying to avoid thinking about the birth.

7. Trying to avoid things that remind me of the birth ...

8. Not able to remember details of the birth.

9. Blaming myself or others for what happened during the birth.

10. Feeling strong negative emotions about the birth.

City BiTS: General symptoms

11. Feeling negative about myself or thinking something awful will happen.

0.41

0.45

0.71
0.49
0.49
0.79
0.80
0.77

0.70

0.62

0.70

0.64

0.71

0.48
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12. Lost interest in activiies that were important to me.
13. Feeling detached from other people-

14. Not able to feel positve emotions ...

15. Feeling irritable or aggressive.

16. Feeling sel-destructive or acting recklessly.

17. Feeling tense and on edge.

18. Feeling jumpy or easily starfed.
19. Problems concentrating.

20. Not sleeping well ... not due fo the baby’s sleep patiern.

Cronbach a, 95% Cl

0.65
0.69
0.70
0.74
0.50
0.73

0.60

0.94, [0.93, 0.95]

0.87, [0.87, 0.90] 0.91, [0.89, 0.92]

Note. Only loading values > 0.40 are reported. City BiTS = City Birth Trauma Scale — French Version; EPDS = Edinburgh Postatal Depression Scale; HADS-A = anxiety subscale

of the Hospital Anxiety and Depression Scale.
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Table 4. Significant moderated mediation models investigaing relatonships between maternal mental health symptom profiles and infant sleep

Independent variable  Dependent variable M ediator Covariate M oderator ACME, 95% CI p
Model 1

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: =3 months to <6 months 0.013, [0.006, 0.024] <.001

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: 26 months to <9 months 0.006, [0.001, 0.014] .02

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: =29 months to <12 months 0.009, [0.001, 0.024] 028
Model 2

Depressive profile Night waking IBQ-NEG  Method fo fall asleep  Low educational level 0.007, [0.002, 0.015] .004

Depressive profile Night waking IBQ-NEG  Method to fall asleep  High educational level 0.009, [0.004, 0.017] <.001
Model 3

Depressive profile Nocturnal sleep duration IBQ-NEG  Method o fall asleep  Infant age: =6 months to <9 months -0.296, [-0.677, -0.067]  .012
Model 4

Anxious profile Night waking IBQ-NEG  Method fo fall asleep  Infant age: =3 months to <6 months 0.013, [0.004, 0.026] <.001
Model 5

Anxious profile Night waking IBQ-NEG  Method fo fall asleep  High educational level 0.009, [0.001, 0.021] 032

Note. ACME = average causal mediation efect IBQ-NEG =negative emotionality subscale of the Very Short Form of the Infant Behavior Questionnaire-Revised. Non-significant

moderated mediation models are not reported here.
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health symptom >
profile
a, Maternal

perception of
infant negative
emotionality

Infant sleep

Figure 1. Tested pathways playing a role in the association between a maternal mental health symptom profile and

an infant sleep outcome.
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Figure 2. Model A displays the path model of the eflect of the depressive profile on night waking, including
mediators and moderators. Model B presents the path model of the eflect of nocturnal sleep duraton by the
depressive profile, taking into account mediators and moderators. Model C represents the path model of the effect

157



of the anxious profile on night waking, including mediators and moderators. Maternal perception of infant negative
emotonality and the method to fall asleep are tested as mediators for all models, as well as maternal educatonal
level and infant age as moderators. Dashed lines show the direct associations between the maternal mental health

symptom profiles and infant sleep indicators, without including the other factors in the model. Non standardized
beta coefiicients are reported. *p <.05; **p <.001.
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8.5. Appendix E

Statement of the ethics committee of Vaud on the fact that Study 3 not requiring a full approval process

Sandoz Vania

De: swissethics «messaging@basec.swissethics.che
Envoyé: mardi 9 juin 2020 10:18

A: Sandoz Vania

Objet: Reg-2020-00&88 : Votre question a la CER-VD

# Please do not reply below this line ##

Please note that when replying to this message, all other recipients mentioned below will receive your
message.

Other recipients: Zinn-Poget, Arthur

Project: Bonjour,

Nous souhaitons réaliser une enguéte anonyme visant les parents ayant récemment accouché (cad il y a plus
d'un mois, mais moins de 12 mois) et parlant francais. Ainsi, les participant.e.s proviendront de toute la
francophonie. Avons-nous besoin (Reg-2020-00688)

Form: Clarification of responsibility / Support Request

Consult the whole conversation

Message:
Bonjour,
Aprés analyse de votre demande, la CER-VD estime que si:

a) le recrutement est fait via un lien dans réseau sociaux/annonces ou remise d'une information contenant un
lien sans garder de trace de la remise du document:

b} le logiciel n'enregistre pas I'TP;
c) l'acces aux données collectées est fait au terme de la période de récolte (aprés 1000 ré ponses)

alors il est raisonnable de considérer que le questionnaire est anonyme et que partant, le projet n'entre pass
dans le champ d'application de la LRH et ne nécessite pas d'autorisation de la CER-VD pour étre menée.

Nous attirons cependant votre attention sur le fait que I'anonymat des données a un caractére relatif et qu'il
est nécessaire de prendre les mesures afin de prévenir toute tentative de ré-identification par croisement de
données.

Avec nos meilleures salutations,

Arthur Zinn-Poget

Secrétaire pénéral

Commission cantonale d'éthique de la recherche sur I'&tre humain
Av. de Chailly 23

1012 Lausanne

021 316 18 31

Lw/Ma/Me/Je

Informations importantes: les personnes mentionnées ci-dessus et/ou figurant en copie du document annexé
recoivent une copie de ce message. En cas de réponse par 1'un des récipiendaires, une copie sera

[Muméro da page]
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8.6. Appendix F

Table F.1. Non-significant moderated mediation models investigating relaonships between maternal mental health symptom profles and infant sleep.

Independent variable  Dependent variable M ediator Covariate M oderator ACME, 95% ClI p
Model 3

Depressive profile Nocturnal sleep duraton  IBQ-NEG Method to fall asleep Infant age: =3 months to <6 months ~ -0.249, [-0.737, 0.239]  .292

Depressive profile Nocturnal sleep duraion  IBQ-NEG Method to fall asleep Infant age: =9 months to <12 months  -0.047, [-0.439, 0.177]  .768
Model 4

Anxious profile Night waking IBQ-NEG Method to fall asleep Infant age: =6 months to <9 months ~ 0.003, [-0.005, 0.014]  .524

Anxious profile Night waking IBQ-NEG Method to fall asleep Infant age: =9 months to <12 months  0.009, [-0.003, 0.026]  .236
Model 5

Anxious profile Night waking IBQ-NEG Method to fall asleep Low educational level 0.009, [0, 0.021] 072
Model 6

Depressive profile Night waking Method to fall asleep IBQ-NEG Low educational level 0.005, [0, 0.013] A

Depressive profile Night waking Method to fall asleep IBQ-NEG High educational level 0.003 [0, 0.007] .08
Model 7

Depressive profie Nocturnal sleep duraton  Method to fall asleep IBQ-NEG Low educational level -0.226, [-0.772, 0] 108

Depressive profile Nocturnal sleep durafion  Method fo fall asleep IBQ-NEG High educational level -0.242. [-0.548, 0.012]  .076
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Model 8

Depressive profie

Depressive profile
Model 9

Birth rauma profile

Birth rauma profile
Model 10

Birth frauma profile

Birth frauma profile
Model 11

Birth frauma profile

Birth frauma profile
Model 12

Birth rauma profile

Birth rauma profile
Model 13

Anxious profile

Nocturnal sleep duration

Nocturnal sleep duration

Night waking

Night waking

Night waking

Night waking

Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration

Night waking

IBQ-NEG

IBQ-NEG

Method fo fall asleep

Method 1o fall asleep

IBQ-NEG

IBQ-NEG

Method to fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

Method to fall asleep

Method 1o fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

Method to fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

Method o fall asleep

Method to fall asleep

IBQ-NEG

Low educational level

High educational level

Low educational level

High educational level

Low educational level

High educational level

Low educational level

High educational level

Low educational level

High educational level

Low educational level

-0.217, [-0.681, 0.107]

-0.058, [-0.359, 0.14]

0.007, [-0.004, 0.022]

-0.009, [-0.019, O]

0.001, [-0.012, 0.014]

0.002, [-0.009, 0.013]

-0.361, [-1.263, 0.207]

0.668, [-0.012, 1.455]

-0.033, [-0.69, 0.275]

-0.021, [-0.355, 0.076]

0.01, [0.001, 0.025]

324

572

248

.064

872

132

.064

872

.78

.06
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Anxious profie
Model 14
Anxious profile
Anxious profile
Model 15
Anxious profie
Anxious profie
Model 16
Depressive profile
Depressive profile
Depressive profile
Model 17
Depressive profile
Depressive profile
Depressive profile
Model 18

Birth rauma profile

Night waking

Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration

Night waking
Night waking

Night waking

Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration

Night waking

Method fo fall asleep

Method to fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

Method to fall asleep
Method 1o fall asleep

Method to fall asleep

Method to fall asleep

Method o fall asleep

Method 1o fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

IBQ-NEG

Method 1o fall asleep

Method to fall asleep

IBQ-NEG
IBQ-NEG

IBQ-NEG

IBQ-NEG

IBQ-NEG

IBQ-NEG

IBQ-NEG

High educational level

Low educational level

High educational level

Low educational level

High educational level

Infant age:
Infant age:

Infant age:

Infant age:

Infant age:

Infant age:

Infant age:

=3 months to <6 months

26 months to <9 months

29 months to <12 months

23 months to <6 months

26 months to <9 months

29 months to <12 months

23 months to <6 months

-0.001, [-0.007, 0.006]

-0.489, [-1.39%4, -0.015]

0.042, [-0.434, 0.582]

-0.237, [-1.152, 0.06]

-0.08, [-0.334, 0.107]

0.001, [-0.004, 0.006]
0.004, [0, 0.012]

0.005, [-0.003, 0.014]

-0.071, [:0.459, 0.199]

-0.177, [-0.609, 0.019]

-0.245, [-0.681, 0.164]

-0.001, [-0.015, 0.008]

848

.068

.896

284

38

648
052

292

596

152

24

828
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Birth rauma profile

Birth rauma profile
Model 19

Birth frauma profile

Birth rauma profile

Birth rauma profile
Model 20

Birth frauma profile

Birth frauma profile

Birth rauma profile
Model 21

Birth frauma profile

Birth frauma profile

Birth rauma profile
Model 22

Anxious profie

Anxious profile

Night waking

Night waking

Night waking
Night waking

Night waking

Nocturnal sleep duration
Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration
Nocturnal sleep duration

Nocturnal sleep duration

Night waking

Night waking

Method fo fall asleep

Method 1o fall asleep

IBQ-NEG
IBQ-NEG

IBQ-NEG

Method to fall asleep
Method to fall asleep

Method 1o fall asleep

IBQ-NEG
IBQ-NEG

IBQ-NEG

Method to fall asleep

Method to fall asleep

IBQ-NEG

IBQ-NEG

Method to fall asleep
Method fo fall asleep

Method 1o fall asleep

IBQ-NEG
IBQ-NEG

IBQ-NEG

Method to fall asleep
Method to fall asleep

Method o fall asleep

IBQ-NEG

IBQ-NEG

Infant age:

Infant age:

Infant age:
Infant age:

Infant age:

Infant age:
Infant age:

Infant age:

Infant age:
Infant age:

Infant age:

Infant age:

Infant age:

26 months to <9 months

29 months to <12 months

23 months to <6 months

26 months to <9 months

29 months to <12 months

23 months to <6 months

26 months o <9 months

29 months to <12 months

23 months to <6 months

26 months to <9 months

29 months to <12 months

23 months to <6 months

26 months to <9 months

-0.003, [-0.015, 0.003]
-0.001, [-0.023, 0.018]

0.006, [-0.005, 0.021]
0.003, [-0.006, 0.017]

-0.009, [-0.046, 0.009]

0.08, [-0.481, 0.838]
0.153, [-0.141, 0.671]

0.048, [-0.956, 1.091]

-0.158, [-0.733, 0.131]
-0.155, [-0.968, 0.314]

0.12, [-0.243, 0.599]

0.003, [-0.005, 0.012]

-0.003, [-0.002, 0.012]

408
924

376

628

236

872

.36
892

476

.608

656

42

312
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Anxious profile
Model 23
Anxious profile
Anxious profile
Anxious profile
Model 24
Anxious profie
Anxious profile

Anxious profile

Night waking

Nocturnal sleep duration
Nocturnal sleep duration

Nocturnal sleep duration

Nocturnal sleep duration
Nocturnal sleep duration

Nocturnal sleep duration

Method to fall asleep

Method to fall asleep
Method to fall asleep

Method to fall asleep

IBQ-NEG
IBQ-NEG

IBQ-NEG

IBQ-NEG

IBQ-NEG
IBQ-NEG

IBQ-NEG

Method to fall asleep
Method to fall asleep

Method to fall asleep

Infant age:

Infant age:
Infant age:

Infant age:

Infant age:
Infant age:

Infant age:

29 months to <12 months

23 months to <6 months

26 months to <9 months

29 months to <12 months

23 months to <6 months

26 months to <9 months

29 months to <12 months

0, [-0.015, 0.016]

-0.174, [-0.946, 0.232]
0.151, [-0.719, 0.114]

0.003, [-0.796, 0.874]

-0.283, [-1.052, 0.14]
-0.172, [-0.822, 0.28]

-0.081, [-0.707, 0.081]

94

544

.368

924

284

504

58

Note. IBQ-NEG = negative emotionality subscale of the Very Short Form of the Infant Behavior Questionnaire-Revised.
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Figure F.1. Model A displays the path model of the influence of the anxious profle on nocturnal sleep duration,

including mediators and moderators. Model B presents the path model of the prediction of nocturnal sleep duration
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by birth trauma profile, taking into account mediators and moderators. Model C represents the path model of the
infuence of the birth trauma profile on night waking, including mediators and moderators. Maternal perception of
infant negative emotionality and the method to fall asleep are tested as mediators for all models, as well as maternal
educational level and infant age as moderators. Dashed lines show the direct associaton between the maternal
mental health symptom profile and infant sleep without including the other factors in the model. Non standardized
beta coeficients are reported. *p <.05; **p < .001; **p < .001.
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8.7. Appendix G

Table G.1. Team co-supervising

Status Duration Work percentage
Graduated psychologist 6 months 40%
Graduated psychologist 6 months 80%
Graduated psychologist 6 months 50%
Psychology student 10 months 90%
Psychology student 9 months 50%
Psychology student 1 year 50%
Psychology student 1 year 50%
Psychology student 6 months 50%
Psychology student 1 year 45%
Psychology student 1 year 35%
Psychology student 6 months 30%
Psychology student 6 months 20%
Psychology student 3 months 100%
Psychology student 2 months 50%
Psychology student 1year 50%
Psychology student 1 year 50%
Nursing student 1 year 50%

Note. The co-supervisions were jointly carried out with Ms Camille Deforges and Prof. Ante Horsch.
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Table G.2. Master thesis supervision

Name of the student Master thesis project

Sebara  Gashi, (nursing | Tite: Subjectve birth perception: comparison of perception between parents,

sciences student) midwives and obstetricians.
Publications; two publications are planned for 2021-2022, in which | will be

conjointy last-author with Prof. Horsch.

Anna Favero, (psychology | Tile: The impact of maternal and paternal socio-demographic & prenatal
student) mental health factors on neonatal outcomes.

Publication: a publicaton is planned for 2021, in which I will be first author.

Mathilde Duroux, (psychology | Tifle: Investigating prenatal perceived support as a proteciive factor against

student) adverse birth outcomes.
Publication: the manuscript is currently under reviewed, and | am co-author.
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Table G.3. Public and scientfic engagements during my PhD

Events

Description

Le Fou de Normandig in 2021

Interventon on the mental health of birth parhers during the
perinatal period on a YouTube channel to promote the parficipation
of partners in the French validation study of the City Birth Trauma
Scale — partner version.

2020-2021 Interdisciplinary Academy for
Early Childhood Researchers of the Swiss
Society for Early Childhood Research

Conjointy with juniors and seniors researchers, | was actively
involved in the establishment, organisation, and running of tis
academy destined o early career researchers of Switzerland.

2019, 2020, and 2021 workshops of the
Society for Infant
Psychology for early career researchers

Reproductve and

Conjointy with others juniors researchers, | was actively involved
in the establishment, organisation, and running of several
international  workshops for early career researchers from 2019 to
2021.

2019 Swiss Perinatal Research Day

| was volunteer during a one-day conference at Lausanne,
Switzerland.

2019 World Prematurity Day

| participated in this event, which aimed to raise awareness about
perinatal mental health afler a preterm birth at Lausanne,
Switzerland.

2018 Annual meeting of the toy libraries of
the Cantons of Vaud and Valais

| presented a popularised oral presentation on the prevention of
the posttraumatic stress disorder with Tefris.
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https://www.youtube.com/watch?v=Y5DAcO6qTTU

Table G.4. Natonal and international conferences during my PhD

Authors, title, date, conferences, and location

Type of

presentation

Sandoz V*, Stuizand S, Messerli-Biirgy N, Deforges C, Quillet Diop M, Ehlert U, et al. The
Lausanne Infant Crying Stress Paradigm: Development and validation of an Early Postpartum
Stress Paradigm within birth-related fraumatised vs nontraumatised women. 2nd Annual
meeting of the Swiss Society for Early Childhood Research. 2020. Online

Oral

presentation

Sandoz V*, Messerli-Birgy N, Deforges C, Stuijzand S, Sekarski N, Ehlert U, et al.
Development and validation of the Lausanne Infant Crying Stress Paradigm: A stess
paradigm for the early postpartum period. 2nd Annual meeting of the Swiss Sociely for Early
Childhood Research. 2019. Lausanne, Switzerland.

Poster
presentation

Deforges C*, Sandoz V, Stuijzand S, PorcheretK, Horsch A. Impact of sleep afer a traumatic
childbirth on postraumatic symptom development a prospectve study. 2nd Annual meeting
of the Swiss Society for Early Childhood Research. 2019. Lausanne, Swizerland.

Flash

presentation

Stuifzand S*, Sandoz V, Deforges C, Morisod Harari M, Horsch A. START Project The efiect
of postpartum PTSD on mother-child interacton. 2nd Annual meeting of the Swiss Society for
Early Childhood Research. 2019. Lausanne, Switzerland.

Poster

presentation

Gashi S, Stuijzand S, Horsch Af, Sandoz V1 (fjoint authors). Traumatc Childbirth:
Comparison of the subjective percepiion of parents, midwives and obstefricians. A mixed
study. 2nd Annual meeing of the Swiss Society for Early Childhood Research. 2019.

Lausanne, Switzerland.

Poster

presentation

Duroux M*, Stuifzand S, Sandoz V, Horsch A. Investigating prenatal social support as a
protecive factor: Does it moderate the relatonship between prenatal anxiety and birth
outcomes? 2nd Annual meefing of the Swiss Society for Early Childhood Research. 2019.

Lausanne, Switzerland.

Poster
presentation

Favero A*, Sandoz V, Stuifzand S, Horsch A. Moving beyond antenatal maternal mental
health: Considering the role of antenatal paternal mental health in predicing adverse neonatal
outcomes. 2nd Annual meetng of the Swiss Society for Early Childhood Research. 2019.
Lausanne, Switzerland.

Poster
presentation

Sandoz V*, Deforges C, Stuizand S, Epiney M, Vial Y, Sekarski N, et al. Improving mental
health and physiological stress responses in mothers following traumatic childbirth and in their
infants: a randomized controlled trial. 39t Annual Conference of the Society for Reproductive
and Infant Psychology. 2019. London, UK.

Oral
presentation

Sandoz V*, Messerli-Birgy N, Deforges C, Stuijzand S, Sekarski N, Ehlert U, et al. The
Lausanne Infant Crying Stress Paradigm: Development and validation of an early postpartum

Oral
presentation
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stress paradigm within birth-related fraumatsed vs non-raumatised women. 39th Annual

Conference of the Society for Reproductve and Infant Psychology. 2019. London, UK.

Deforges C*, Sandoz V, Stuijzand S, PorcheretK, Horsch A. Impact of sleep afer a traumatic
childbirth on postraumatic symptom development a prospectve study. 39h Annual
Conference of the Society for Reproductve and Infant Psychology. 2019. London, UK.

Oral

presentation

Sandoz V*, Bickle-Graz M, Camos V, Horsch A. Impact of maternal postpartum depression
and postraumatic stress symptoms on emotion regulation of preschoolers born very preterm:

a prospective study. The Swiss Perinatal Research Day. 2019. Lausanne, Switzerland.

Oral

presentation

Deforges C*, Sandoz V, Stuijfzand S, PorcheretK, Horsch A. Impact of sleep afler a raumatic
childbirth on postraumatic symptom development a prospectve study. The Swiss Perinatal

Research Day. 2019. Lausanne, Switzerland.

Oral

presentation

Gashi S*, Stuiffzand S, Horsch A, Vial Y, Dessauve D, Sandoz V. Traumatc Childbirth:
Comparison of the subjective perception of parents, midwives and obstetricians. A mixed-
method study. The Swiss Perinatal Research Day. 2019. Lausanne, Switzerland.

Poster

presentation

Sandoz V*, Messerli-Blrgy N, Deforges C, Stuijfzand S, Sekarski N, Ehlert U, et al. The
Lausanne Infant Crying Stress Paradigm: Development and validaton of an early postpartum
stress paradigm within birth-related traumatised vs non-traumatised women. The Doctoral Day
of the Faculty of Biology and Medicine of the University of Lausanne. 2019. Lausanne,
Switzerland.

Poster

presentation

Sandoz V*, Messerli-Biirgy N, SekarskiN, Ehlert U, Deforges C, Stuifzand S, et al. Maternal
and Infant Stress Physiology in the Early Postpartum Period. The Stressnetwork.ch. 2019.

Basel, Switzerland.

Poster

presentation

Stuifzand S*, Sandoz V, Deforges C, Harari Morisod M, Horsch A, on behalf of the START
Research Consortum. START Project the eflect of postparum PTSD on mother-child
interaction. The Stressnetwork.ch. 2019. Basel, Swizerland.

Poster
presentation

Sandoz V*, Bickle-Graz M, Camos V, Horsch A. Impact of maternal postparum depression
and postraumatic stress symptoms on emotion regulation of preschoolers born very preterm:
a prospeciive study. The 38" Annual SRIP Conference. 2018. Lodz, Poland.

Oral
presentation

Sandoz V*, Bickle-Graz M, Camos V, Horsch A. Impact of maternal postpartum depression
and postraumatic stress symptoms on emotion regulation of preschoolers born very preterm:
a prospective study. The 2018 French Marcé Society Congress. 2018. Lyon, France.

Oral
presentation

Sandoz V¥, Bickle-Graz M, Camos V, Horsch A. Impact of maternal postpartum depression
and postraumatic stress symptoms on emotion regulation of preschoolers born very preterm:
a prospective study. The Pmh congress. 2018. Lausanne, Switzerland.

Oral

presentation
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Sandoz V¥, Bickle-Graz M, Camos V, Horsch A. Impact of maternal postpartum depression
and postraumatic stress symptoms on emotion regulation of preschoolers born very preterm:

a prospective study. Journée de recherché en pédiatrie. 2018. Lausanne, Switzerland.

Oral

presentation

Note.* = the person who presented the work at the conference.

Table G.5. Awards won during my PhD.

Awards Organisation

2021 public prize of Ma thése en 180 secondes University of Lausanne

Laureate of the Students 2019 Bursary Society for Reproductive and Infant Psychology
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https://www.youtube.com/watch?v=kTshanZJy3E

