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ABSTRACT

Introduction: Few studies have examined the psychopathological consequences for parents
of children who were survivors of a motor vehicle crash (MVC). This study assessed the
impact of dissociation and peritraumatic distress on the severity of PTSD and post-traumatic
major depressive episode (MDE) symptoms in mothers during the first years after the MVC
and the role that cortisol response might play in this association.

Methods: 125 mothers were included. Peritraumatic distress and dissociation were assessed.
Morning salivary cortisol was tested at the baseline. Participants were assessed for a
probable diagnosis of PTSD and MDE at 5 weeks, 6 months and 12 months.

Results: At 5 weeks, 12 (13.6%) mothers exhibited probable PTSD. During the first year, the PCL
score was higher when the (i) Peritraumatic Distress Inventory (PDI) score increased and (ii) the
Peritraumatic Dissociation Experience Questionnaire (PDEQ) score increased. Cortisol levels
were lower when the PDI score increased.

Conclusion: This is the first study to assess the mothers of MVC survivors for one year following
the trauma. We confirm that peritraumatic responses are useful for predicting the severity of
PTSD symptoms. These results could encourage the implementation of follow-up
programmes not only for survivors but also for their mothers.

Trastorno de estrés postraumatico y trastorno depresivo mayor en
madres de nifios sobrevivientes de un accidente automovilistico

Antecedentes: Pocos estudios han examinado las consecuencias psicopatoldgicas para los
padres de nifos que fueron sobrevivientes de un accidente automovilistico (MVC, por sus
siglas en inglés).

Objetivo: Este estudio evalué el impacto de la disociacién y la angustia peritraumatica en la
gravedad del TEPT y los sintomas del episodio depresivo mayor (EDM) postraumatico en las
madres durante los primeros afios después del MVC y el papel que podria desempenar la
respuesta del cortisol en esta asociacion.

Métodos: Se incluyeron 125 madres. Se evalué la angustia peritraumatica y la disociacién. El
cortisol salival matutino se analizé al inicio del estudio. Los participantes fueron evaluados
para un diagndstico probable de TEPT y EDM a las 5 semanas, 6 meses y 12 meses.
Resultados: A las 5 semanas, 12 (13,6%) madres exhibieron TEPT probable. Durante el primer aio,
la puntuacion PCL (lista de chequeo para TEPT) fue mayor cuando i) aumentd la puntuacién del
Inventario de angustia peritraumdtica (PDI, por sus siglas en inglés) y ii) aumenté la puntuacion
del Cuestionario de experiencias de disociacion peritraumatica (PDEQ, por sus siglas en inglés).
Los niveles de cortisol fueron mas bajos cuando aumento la puntuacion PDI.

Conclusion: Este es el primer estudio que evalda a las madres de sobrevivientes de MVC
un ano después del trauma. Confirmamos que las respuestas peritraumaticas son utiles
para predecir la gravedad de los sintomas del TEPT. Estos resultados podrian incentivar la
implementacién de programas de seguimiento no solo para las sobrevivientes sino también
para sus madres.
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1. Introduction

Over 50 million people around the world are injured
each year in a motor vehicle crash (MVC) (WHO | Glo-
bal Status Report on Road Safety 2015, n.d.). In 2009,
more than 2 million Americans were admitted to the
emergency room following an MVC (Hruska et al,
2014). In 2018, it is estimated that MVCs were respon-
sible for 58,363 physical accidents in France, leaving
3,503 dead and 73,787 injured. The mortality rate was
estimated at 49/1,000,000 in the general population
and 13/1,000,000 in children (the French Interminister-
ial Road Safety Monitoring Centre (ONISR), 2019).
From their analysis of the WHO World Mental Health
Surveys, Kessler et al. (2017) concluded that globally, the
most common trauma exposures were witnessing or
discovering death or serious injury (35.7%), followed
by traumas involving accidents (34.3%) (Kessler et al.,
2017). 90% of the patients admitted to accident and
emergency (A&E) who do not need to be hospitalised
later develop adverse post-traumatic neuropsychiatric
sequelae (McLean et al, 2020). Among these adverse
post-traumatic sequalae that MVC survivors risk devel-
oping are post-traumatic stress disorder (PTSD), a
major depressive episode (MDE), or the consumption
of harmful substances (e.g. alcohol) (O’Donnell et al.,
2004). Unfortunately, few studies include long-term fol-
low-up of trauma survivors and those that do have typi-
cally focused on individuals who directly experienced
the traumatic event (compared to those who learned
about or witnessed the traumatic event) (Blanchard
et al., 2004). For the paediatric population, one review
highlighted that approximately 13% of children present
PTSD at 3-6 months post-MVC (Olofsson et al., 2009).
Another study showed that 17.6% displayed moderate
to severe post-traumatic stress symptoms at 12 months
post-MVC (Landolt et al., 2005). A recent study found
that 7% to 17% of children presented PTSD 3 years
after an MVC (Meiser-Stedman et al., 2017).

However, only a few studies have assessed post-trau-
matic psychiatric disorders in the parents or relatives of
MVC survivors. Only Allenou et al. have highlighted the
clinically significant symptoms of PTSD reported in
many mothers whose children were admitted to A&E
following an MVC (Allenou et al., 2010). This study
highlights the preliminary results of a longitudinal
study described in full in this article. Only the results

for 78 (62%) of the 125 participants, and only PTSD
symptoms 5 months post trauma without cortisol ana-
lyses were presented. Mental health recovery in children
exposed to trauma is largely dependent on their parents’
mental health, and therefore it is important to know
how parents cope in such cases (De Young et al,
2014; Goddard et al., 2019). A recent study highlighted
that peritraumatic distress in mothers of severely ill chil-
dren was correlated with PTSD (mainly intrusion and
arousal) and depression (Aftyka et al,, 2021).
Reactions that occur at the time of the trauma and
immediately after have come to be described as ‘peri-
traumatic’ (Brunet et al., 2001). Two main types of
peritraumatic reactions can occur after trauma: dis-
tress and dissociation. Peritraumatic distress can be
considered as an emotional (negative emotions, e.g.
helplessness, sadness, anger, fear) and physical (e.g.
losing control, sweating, shaking and palpitations)
response. Peritraumatic distress mediates the associ-
ations between PTSD and both the number of stres-
sors experienced and psychological hardiness
(Anticevi¢ et al., 2021). Peritraumatic dissociation
can be considered as a cognitive (e.g. disorientation,
amnesia, dissociation) response to trauma (Brunet
et al., 2001; Marmar et al., 1994). Peritraumatic dis-
sociation and its psychophysiological correlates
might set the stage for later intrusive memory for-
mation (Danbock et al, 2021). Peritraumatic
responses have been reported to be predictors of
PTSD symptoms in various groups of trauma survi-
vors, including survivors of MVCs (Vance et al., 2018).
Furthermore, PTSD and MDE co-occur frequently
following traumatic events (Contractor et al., 2015,
2017, 2018; Rytwinski et al., 2013). The peritraumatic
dissociation and distress associated with an objective
traumatic event attests to a severe stressor that poten-
tially causes an MDE. In MVCs, peritraumatic distress
was associated with depressive symptoms (Nishi et al.,
2009). In a recent study, it was correlated with
depression over two weeks (Joormann et al., 2020).
Moreover, peritraumatic distress in mothers of
severely ill children appears to be correlated with
PTSD and depression (Aftyka et al., 2021).
Moreover, MDE has been shown to be associated
with impaired immune response regulation (Dowlati
et al,, 2010; Miller et al., 2009). During an MDE, an



external stress factor could be a precipitating factor
that involves the hypothalamic-pituitary—adrenal
(HPA) axis in the stress response (Dowlati et al.,
2010; Miller et al., 2008; Pariante & Miller, 2001). In
fact, during stress experienced as part of an MDE,
there is an activation cascade of the hypothalamus
and then the pituitary, with increases in the concen-
trations of CRH, then ACTH (Dowlati et al., 2010;
Miller et al, 2008; Pariante & Miller, 2001). In
response, cortisol synthesis in the adrenal cortex
increases. In addition, the cortisol awakening response
has been shown to prospectively predict MDE (Adam
et al., 2010; Goodyer et al., 2000; Hardeveld et al.,
2014; Stroud et al., 2019). With regard to neurobiolo-
gical correlates associated with traumatic impact,
despite some indications of an association between
PTSD and a dysregulated HPA axis functionality as
demonstrated by diurnal cortisol output, a recent
review revealed mixed findings (Speer et al., 2019).
Moreover, Inslicht et al. showed that a higher cortisol
response to awakening was a pre-exposure risk factor
for peritraumatic dissociation and acute stress dis-
order symptoms (Inslicht et al., 2011). In fact, several
studies have found evidence of altered cortisol levels in
patients with PTSD. Often, there is a decrease in basal
cortisol level and an increase in the reactivity of the
HPA stimulation tests. Based on these findings, it is
assumed that these patients may show signs of cortisol
dysregulation after trauma. Therefore, post-trauma
cortisol levels are considered to be a potential bio-
marker of PTSD. However, longitudinal studies
using indicators of cortisol secretion are scarce
(Sopp et al., 2021).

Considering that peritraumatic responses have been
associated with PTSD and depressive symptoms in var-
ious groups of trauma survivors, including survivors of
MVCs (Vance et al., 2018), we aimed to replicate and
extend this finding in a prospective study involving
mothers whose child was an MVC survivor. In our
group, levels of peritraumatic distress and peritrau-
matic dissociation were comparable to those in other
trauma survivors and 18% of the mothers were con-
sidered to be suffering from probable PTSD at 5
weeks post trauma. Significant positive correlations
were found between PTSD symptoms and peritrau-
matic distress and peritraumatic dissociation. These
preliminary results only concerned a limited number
of mothers (N =72) and the acute symptoms (5 weeks
post trauma) of PTSD. In addition, further investi-
gation into the relationship between peritraumatic
responses, PTSD and diurnal cortisol is warranted.
Therefore, we aim to assess these associations. Finally,
since PTSD and MDE frequently co-occur following
traumatic events, our goal was to assess the prevalence
of probable MDE, and the relationship between salivary
cortisol levels in the week following the crash and PTSD
and probable MDE.
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Considering the preliminary results already pre-
sented (Allenou et al., 2010), the principal objective
of this study was to examine the relationship between
peritraumatic responses (peritraumatic distress and
peritraumatic dissociation) and the severity of PTSD
symptoms in a group of mothers whose children had
been survivors of an MVC, during the first years fol-
lowing the MVC. We expect that there is an associ-
ation between peritraumatic responses and PTSD
symptom severity. The secondary objectives of the
study were (i) to estimate the prevalence of MDE
and PTSD symptoms in these mothers after the
MVG; (ii) to assess the relationship between peritrau-
matic psychological responses (peritraumatic distress
and peritraumatic dissociation) and salivary cortisol
levels in the week following the crash and (iii) to assess
the relationship between salivary cortisol levels in the
week following the crash and PTSD and probable
MDE. We expect that there is (i) a high prevalence
of MDE and PTSD symptoms; (ii) an association
between peritraumatic responses and cortisol and
(iii) that cortisol predicts the occurrence of MDE
and PTSD symptoms. Moreover, we expect that
there is a positive association between peritraumatic
responses and PTSD symptom severity, with higher
peritraumatic scores associated with higher levels of
PTSD symptoms.

We expect that there is a negative association
between peritraumatic responses and cortisol, with
lower cortisol levels associated with higher peritrau-
matic scores.

2. Methods
2.1. Subjects and procedure

Mothers of children aged 8-17 years who were
admitted to the paediatric accident and emergency
unit (A&E) of Toulouse University Hospital following
an MVC were enrolled from January 2006 to 2009.
This examination of PTSD symptoms in mothers is
part of a larger study that examines the consequences
of MVCs for children (Bui et al., 2010). The study was
approved by the local Ethics Committee (Toulouse II
Ethics Committee). Participants gave their written
informed consent after receiving a comprehensive
explanation of the procedures. Participation in the
parent study required that the child complete a num-
ber of self-reported measures. Therefore, mothers of
children under 8 were excluded. The other exclusion
criteria were: mothers under the age of 18, the mother
or child living more than an hour’s drive from the
assessment centre, or who did not speak fluent French,
suffering from intellectual disability, a psychotic dis-
order, or from a severe medical condition. During
this period, 592 children from the ages of 8-15 were
admitted to paediatric emergency care at Toulouse
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Figure 1. PCL score according to PDI and PDEQ score and loess regression for each time-measurement (not adjusted).

University Hospital (CHU). 304 mothers were
approached, 125 of whom agreed to participate in
the study. Among the reasons given for refusing to
participate were a lack of interest in the study (n=
50), the MVC not being serious and the child being
uninjured (n=30), not being available for the first
assessment (n=19), and the child already receiving
psychiatric treatment (n=10). Other families gave
different reasons (divorce, holidays, etc.) or no
reason at all.

Table 1. Socio-demographic characteristics.

Total (N=125)

Age in years

Minimum 26

Mean (sd) 40.83 (5.21)

Median (IQR) 41.00 (37.50, 44.00)

Maximum 54

Unknown 2/125 (1.6%)
Origin

Other 17 (13.6%)

France 107 (85.6%)

Unknown 1/125 (0.8%)
Profession

Artisan, trader, or company manager 2 (1.6%)

Senior executive or professional 10 (8%)

French intermediary professional 14 (11.2%)

Employee 59 (47.2%)

Laborer 1 (0.8%)

Retired 2 (1.6%)

Homemaker 10 (8%)

Unemployed 3 (2.4%)

Unknown 24/125 (19.2%)
Number of children

1 9 (7.2%)

2 47 (37.6%)

3 26 (20.8%)

4 or more 12 (9.6%)

Unknown 31/125 (24.8%)

History of MDE

No 42 (33.6%)
Yes 42 (33.6%)
Unknown 41/125 (32.8%)
Type of exposure

Informed 95 (76%)
Witness 9 (7.2%)
Co-victim 19 (15.2%)
Unknown 2/125 (1.6%)

IQR: Inter Quartile Range; MDE: Major Depressive Episode; N: total number;

%: percentage; sd: standard deviation.

Of the 125 mothers included, 89 (71%) completed
the 5-week post-trauma follow-up, 67 (54%) com-
pleted the 6-month post-trauma follow-up and 63
(50%) completed the 1-year follow-up. Mothers who
agreed to participate had younger children, and chil-
dren who were more frequently hospitalised after
admission to A&E than those mothers who refused
(Figure 1).

Of the 125 mothers, 121 (97%) filled out the PDI
and the PDEQ during the week following the crash.
Their mean age was 41.01 years (SD: 5.68).

The sociodemographic data are summarised in
Table 1.

2.2. Measures

The Peritraumatic Distress Inventory (PDI) is a 13-
item self-reporting measure that assesses the level of
distress experienced during a traumatic event (e.g. ‘I
felt afraid for my safety’, T felt helpless to do more’,
‘T was horrified by what happened’, etc.). Each item
is scored on a 5-point Likert scale, from 0 (not true)
to 4 (absolutely true). The total sum of the scores
obtained for the responses to all items ranges from 0
to 52 with higher scores indicating increased distress.
A total score of at least 15 indicates peritraumatic dis-
tress (Guardia et al., 2013). There is an analysis using
two possible sub-factors (dysphoric emotions and
threat perception) (Jehel et al., 2005). The PDI has
been validated in French and was found to demon-
strate good test-retest reliability, convergent and
divergent validity, as well as good internal consistency
(Cronbach’s a of .84 in our sample) (Brunet et al.,
2001; Jehel et al., 2005; Birmes et al., 2005). We
specified that the traumatic event was the announce-
ment of an MVC. Peritraumatic distress was assessed
within the first week post trauma.

The Peritraumatic Dissociative Experiences Ques-
tionnaire (PDEQ) is a 10-item self-reporting question-
naire that assesses the degree of dissociation



experienced during trauma (e.g. T had moments of
losing track of what was going on - I blanked out or
spaced out or in some way felt I was not part of
what was going on’, ‘I felt like I was on autopilot — I
ended up doing things that I later realised I hadn’t
consciously decided to do’, ‘My sense of time chan-
ged - things seemed to be happening in slow motion’,
etc.). Each item is scored on a 5-point Likert scale ran-
ging from 1 (not at all true) to 5 (absolutely true). The
sum of all items provides a total score that ranges from
10 to 50, with higher scores indicating increased dis-
sociation. A total score of 22 denotes a clinically sig-
nificant peritraumatic dissociation (Birmes et al,
2001). There is an analysis using two possible sub-fac-
tors: altered consciousness and derealisation (Sijbran-
dij et al., 2012). The PDEQ also showed moderate to
high convergent validity, satisfactory test-retest
reliability, and internal consistency (Cronbach’s a of
.90 in our sample) (Birmes et al., 2001, 2005; Marmar
et al., 1998). We specified that the traumatic event was
the announcement of an MVC. The PDEQ was
assessed within the first week post trauma.

The Post Traumatic Check List-Specific (PCL-S) is
a 17-item self-report that parallels diagnostic Criteria
B, C and D for PTSD, in relation to an identified
‘stressful experience’, as delineated in the DSM-IV
(17-18) (The study started before publication of the
PCL-5). Each item is scored on a 5-point Likert scale
(1 ="not at all’ to 5 = ‘very often’). The scale provides
three subscores that correspond to the three main
symptom clusters of the disorder: reexperiencing
(items 1-5), avoidance/numbing (items 6-12), and
hyperarousal (items 13-17). Total scores range from
17 to 85, with higher scores reflecting increased levels
of PTSD symptoms. Scores >44 reflect a condition that
warrants clinical attention (Ruggiero et al., 2006; Ven-
tureyra et al., 2002; Yao et al.,, 2003) and in our study
corresponded to a ‘probable PTSD’ status. The French
version of the PCL-S demonstrated satisfactory test—
retest reliability and internal consistency (Cronbach’s
a of .91 in our sample) (Ruggiero et al., 2006; Venture-
yra et al,, 2002; Yao et al., 2003). We specified that the
traumatic event was the announcement of an MVC.
The PTSD symptoms were assessed 5 weeks, 6 months
and 12 months post trauma.

The Mini International Neuropsychiatric Interview
(MINTI) is a structured interview that evaluates DSM-
IV Axis I psychiatric disorders, with priority given to
the current diagnosis. The presence of psychiatric dis-
orders is evaluated with screening items that explore
the mandatory criteria. In the event of a positive answer
to the screening items for each disorder, additional
questions are asked to ensure the diagnosis (the com-
plete interview includes yes/no items). Negative
answers to screening items rule out diagnoses (Lecrub-
ier et al., 1997; Sheehan et al., 1998). The MINI was
assessed at 5 weeks and 12 months post trauma.
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2.3. Salivary cortisol assays (morning cortisol)

Subjects were instructed not to drink, eat or smoke for
at least 30 min before saliva collection and to start the
protocol at least 1 h after awakening and twice sub-
sequently. As cortisol levels increase shortly after awa-
kening and to avoid potential interference with the
sleep-wake transition, participants were asked to col-
lect the first sample in the morning, 1 h after awaken-
ing. The second sample was collected the same day 3-
5 min after the first. The average of these two samples
was used. Cortisol levels were determined from the
saliva sample by direct radioimmunoassay (Diagnostic
Systems Laboratories-Webster, Texas). The normal
ranges (general population), at least 1 h after awaken-
ing, are 0.225-1.38 pug/100 ml according to the manu-
facturer’s specifications. When an adequate volume
could not be provided, subjects were excluded from
the analysis. Saliva was collected within the first
week post trauma.

2.4. Analysis and statistical methods

The analysis was performed on complete data (no
imputation for missing data). Therefore, the popu-
lation analysed comprised all mothers with a predictor
measurement and at least one outcome measurement
collected during the year and with no missing data on
the adjustment variables for the multivariate models.
We tested potential associations between each poten-
tial predictor (PDI score, PDEQ score and baseline
cortisol level) and the PCL score by linear regression
models for repeated measures (mixed linear model
with random intercept and interaction with time of
measure). In order to evaluate associations between
a potential predictor and the PCL score independently
of other clinical predictors, models were adjusted for a
priori-defined co-variables: age, occupation, place of
birth (POB), number of children, type of exposure
(unless otherwise stated). We proceeded in the same
manner for ‘PTSD’ and ‘MDE’, diagnosed with
MINTI outcomes but using logistic regression models
for repeated measures (mixed logistic regression
model). To explore the relationship between baseline
cortisol levels and peritraumatic psychological
responses (PDI score and PDEQ score), we performed
bivariate linear regressions. A p-value of <0.05 was
considered to be statistically significant. The analyses
were performed with R relapse 3.6.1 (R Core Team.
2019. https://www.R-project.org/)

3. Results

The number of subjects lost to follow-up was 36
mothers (28.8%) at 5 weeks, 57 (45.6%) at 6 months,
and 62 (49.6%) at 1 year. At 5 weeks, the mothers
lost to follow-up were those with a lower educational
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Table 2. Baseline clinical characteristics

Total (N=125)

PDI Score

Minimum 2

Mean (sd) 16.21 (10.04)

Median (IQR) 14.00 (8.00, 23.00)

Maximum 44

Unknown 4/125 (3.2%)
Binary PDI Score

Negative 61 (48.8%)

Positive 59 (47.2%)

Unknown 5/125 (4.0%)
Dysphoric emotions

Minimum 0

Mean (sd) 10.32 (6.04)

Median (IQR) 10.00 (6.00, 14.25)

Maximum 25

Unknown 5/125 (4.0%)
Threat perception

Minimum 0

Mean (sd) 5.89 (4.84)

Median (IQR) 5.00 (2.00, 9.00)

Maximum 22

Unknown 4/125 (3.2%)
PDEQ Score

Minimum 10

Mean (sd) 19.28 (9.04)

Median (IQR) 16.00 (12.00, 24.25)

Maximum 44

Unknown 5/125 (4.0%)
Binary PDEQ Score

Negative 83 (66.4%)

Positive 37 (29.6%)

Unknown 5/125 (4.0%)
Altered conscience

Minimum 4

Mean (sd) 7.76 (3.97)

Median (IQR) 6.50 (4.00, 10.00)

Maximum 19

Unknown 5/125 (4.0%)
Derealization

Minimum 4

Mean (sd) 7.92 (4.11)

Median (IQR) 6.00 (4.00, 11.00)

Maximum 18

Unknown 5/125 (4.0%)
Cortisol (ug/100 ml)

Minimum 0.05

Mean (sd) 0.51 (0.33)

Median (IQR) 0.47 (0.29, 0.65)

Maximum 2.39

Unknown 24/125 (19.2%)

N: total number; IQR: Inter Quartile Range; PDEQ: Peritraumatic Dis-
sociation Experience Questionnaire; PDI: Peritraumatic Distress Inven-
tory; PDEQ Score: total score on the PDEQ; PDI Score: total score on
the PDI, sd: standard deviation.

level (p = 0.037). There was no difference for the base-
line clinical variables between the mothers lost to fol-
low-up at 1 year and the mothers still in the study.

Table 3. PCL score for an augmentation of 1 pt in the PDI
Score (and by subscore) — mixed linear models.

Models Coef 95CI [ i1 p value
PDI Score — Univariable 0.66 0.44 0.88 .0000
PDI Score - Adjusted 0.47 0.12 0.81 .0100
Dysphoric emotions — Univariable ~ 0.93 0.56 1.29 .0000
Dysphoric emotions — Adjusted 0.71 0.16 1.26 0146
Threat perception — Univariable 1.46 0.98 1.95 .0000
Threat perception — Adjusted 1.03 0.26 1.79 .0107

Coef: coefficient; PCL: Post Traumatic Checklist; PDI: Peritraumatic Distress
Inventory; PDI Score: total score on the PDI; 95% Cl: 95% Confidence
Interval.

Table 4. PCL score for an augmentation of 1 pt in the PDEQ
Score (and by subscore) — mixed linear models.

Models Coef 95CI[ i1 p value
PDEQ Score - Univariable 0.62 0.36 0.89 .0000
PDEQ Score — Adjusted 0.43 0.00 0.85 .0522
Altered conscience — Univariable 1.52 0.88 2.16 .0000
Altered conscience — Adjusted 1.36 0.31 2.40 0139
Derealization — Univariable 1.18 0.62 1.75 .0001
Derealization — Adjusted 0.68 —0.16 1.51 1185

Coef: coefficient; PCL: Post Traumatic Checklist; PDEQ: Peritraumatic Dis-
sociation Experience Questionnaire; PDEQ Score: total score on the
PDEQ; 95% Cl: 95% Confidence Interval.

19 (15.2%) (Table 1) mothers were injured co-sur-
vivors, regardless of the injury severity.

59 (49.2%) mothers exhibited peritraumatic distress
and 37 (30.8%) peritraumatic dissociation (Table 2).
At 5 weeks, 12 (13.6%) mothers exhibited probable
PTSD.

A higher level of peritraumatic distress was associ-
ated with higher post-traumatic stress symptom sever-
ity during the first year. On average, each 1-point
increase in PDI scores was associated with a 0.66
[0.44 to 0.88] point increase in PCL scores. The differ-
ences remained significant when adjusting for baseline
characteristics (age, profession, POB, number of chil-
dren and type of exposure) (coefficient = 0.47; p <.01)
(Table 3). A higher level of peritraumatic dissociation
was associated with higher post-traumatic stress
symptom severity during the first year. On average,
each 1-point increase in PDEQ scores was associated
with a 0.6 [0.4 to 0.9] point increase in PCL scores.
However, this result did not remain significant when
adjusting for baseline characteristics (age, profession,
POB, number of children and type of exposure). The
differences remained significant only for the ‘Altered
consciousness’ subscore when adjusting for baseline
characteristics (Table 4).

With regard to PTSD diagnosed with the MINI, on
average, during the first year the risk of PTSD was sig-
nificantly higher when the baseline PDI score
increased (OR=1.5 [1.1 to 2.1] for every l-point
increase in PDI) (p =.02). The differences remained
significant when adjusting for type of exposure
(whether or not a co-survivor) (p =.03). The risk of
PTSD was significantly associated with the ‘threat per-
ception’ subscore (unadjusted: OR=3.1; p=.04,
adjusted: OR =2.92; p =.05), but not with the ‘dyspho-
ric emotions’ subscore (Table 5). On average, during

Table 5. PTSD risk for an augmentation 1 pt in PDI Score (and
by subscore) — mixed logisitc models.

Models OR 95CI[ H p value
PDI Score — Univariable 1.50 1.08 2.08 .0165
PDI Score - Adjusted 1.45 1.04 2.02 .0285
Dysphoric emotions — Univariable 1.40 0.83 2.37 .2092
Dysphoric emotions — Adjusted 1.55 0.87 2.78 1394
Threat perception — Univariable 3.10 1.04 9.22 .0422
Threat perception — Adjusted 2.92 0.99 8.57 .0514




the first year, the risk of PTSD was not significantly
higher when the baseline PDEQ score (and its sub-
score) increased [OR.gjustea=1.18; 95%CI [0.88;
1.59], p=.26]. On average, during the first year the
risk of MDE was not significantly higher when the
baseline PDI score [ORggjustea =1.015 95%CI [0.82;
1.25] p=.91] or PDEQ score increased significantly
[OR gjustea = 0.98; 95%CI [0.78; 1.25], p =.89].

Five weeks after their child’s crash, 13 (15.5%)
mothers reported a probable MDE. Mothers with
probable PTSD 5 weeks after the crash more fre-
quently exhibited probable MDE than mothers who
did not report probable PTSD (41.7% vs 11.4% p
=.019 Fisher’s test). Six months after the crash, 7
(10.3%) mothers reported probable PTSD and one
year after the crash, 4 (6.3%) mothers reported prob-
able PTSD.

Cortisol levels were significantly lower when the
PDI score was positive (p=0.020) (Table 6). No
relationship was noted between salivary cortisol levels
and a probable MDE 5 weeks after the crash
[ORygjustea =063 95%CI  [0.21; 1.88], p=.41]
(adjusted for age, profession, POB, number of children
and type of exposure).

There was no relationship between the salivary cor-
tisol level and a probable PTSD in the first year after
the crash.

4. Discussion

To our knowledge, this is the first prospective follow-
up study that assesses the development of PTSD symp-
toms over 1 year in a group of mothers whose child
was a survivor of an MVC. Among these mothers,
13.5% had probable PTSD 5 weeks after their child’s
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crash, 10.3% at 6 months after, and 6.3% at 1 year
after. We found a 15.5% rate of MDE 5 weeks after
the crash and 10.9% after 1 year. For mothers with
MDE 5 weeks after the crash, 33.6% reported a history
of MDE. Moreover, we confirmed the relationships
between peritraumatic distress and PTSD during the
first year following the MVC, as well as those between
PTSD and MDE. With regards to peritraumatic dis-
sociation, we only found an association between
altered consciousness and PTSD.

For the direct survivors of MVCs, the prevalence of
subsequent PTSD is estimated to be 10% to 50%
according to the study (Blanchard et al., 1996, 2004;
Blaszczynski et al., 1998; Brom et al., 1993; Feinstein
& Dolan, 1991; Goldberg & Gara, 1990; Green et al,,
1993; Hickling et al., 1992; Kupchik et al., 2007; Mat-
suoka et al., 2008; Mayou et al., 1993). Up to 26% of
patients with predominantly mild MVC-related inju-
ries report PTSD and reduced quality of life over
two years post-MVC (Kenardy et al, 2015, 2018).
Concerning the diagnosis of PTSD, patients were
assessed one month (Blanchard et al.,, 1996; Brom
et al., 1993; Green et al., 1993; Matsuoka et al., 2008)
to one year (Blanchard et al, 2004; Goldberg &
Gara, 1990) after the crash. In our study group,
although the mothers were not all co-survivors, we
noted PTSD rates comparable to the lower values
observed for direct survivors. This attests to the sever-
ity of the psychological impact on the mother when
her child is a survivor of a crash. In fact, the event
‘your child is a survivor of a crash’ seems to be particu-
larly traumatic for a mother even if she is not involved
in the crash or is a witness to it. However, in our study
group, the mothers with probable PTSD were more
often co-survivors of the same MVC as their child.

Table 6. Association between baseline characteristics and baseline cortisol levels (bivariate)

Label Levels Mean (sd) Coefficient (bivariable 1)
Quartiles_of_age [26,37.5] 0.52 (0.47) -

(37.5,41] 0.51 (0.25) —0.01 (—0.20-0.18, p =.920)

(41,44] 0.54 (0.28) 0.02 (-0.17-0.22, p = .831)

(44,54] 0.47 (0.34) —0.05 (—0.25-0.15, p = .609)
Origin Other 0.44 (0.23) -

France 0.52 (0.34) 0.08 (—0.14-0.30, p = .470)
Grouped_profession uSPC 0.53 (0.27) -

iSPC 0.58 (0.36) 0.05 (—0.11-0.20, p = .569)

ISPC 0.40 (0.25) —0.13 (—0.33-0.08, p = .221)
Number_of_children 1 0.59 (0.26) -

2 0.51 (0.26) —0.08 (—0.30-0.14, p = .473)

3 0.49 (0.28) —0.10 (—0.34-0.14, p = .402)

4 or more 0.55 (0.48) —0.04 (—0.35-0.27, p = .800)
History_of MDE No 0.45 (0.23) -

Yes 0.49 (0.25) 0.04 (—0.07-0.15, p = .487)
Type_of_exposure Informed 0.53 (0.36) -

Witness Co-victim 0.38 (0.15) —0.15 (—0.38-0.08, p = .203)

0.52 (0.25) —0.01 (—0.19-0.18, p = .953)

PDI Score Negative 0.59 (0.39) -

Positive 0.43 (0.25) —0.16 (—0.29 to —0.03, p =.020)
PDEQ Score Negative 0.54 (0.36) -

Positive 0.44 (0.24) —0.10 (—0.25-0.05, p =.181)

MDE: Major Depressive Episode; PDEQ: Peritraumatic Dissociation Experience Questionnaire; PDI: Peritraumatic Distress Inventory; PDEQ Score: total score
on the PDEQ; PDI Score: total score on the PDI; sd: standard deviation; iSPC: French intermediary socio-professional category; ISPC: French lower socio-

professional category; uSPC: French upper socio-professional category.
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With regard to MDE, in this sample of mothers, we
found a 15.5% rate of MDE 5 weeks after the crash and
10.9% after 1 year. For mothers with MDE at 5 weeks
after the crash, 33.6% reported a history of MDE.
Nevertheless, major depressive disorder (MDD)
could be a risk factor for PTSD and for the co-occur-
rence of PTSD/MDE during an additional traumatic
experience (Arbisi et al., 2012; Britt et al., 2007; Dick-
stein et al., 2010; Goodwin et al., 2012). Previous
studies concerning mental disorders arising after
MVCs have reported a rate of MDE at between 15%
and 70% (Blanchard et al.,, 1994, 2004; Blaszczynski
et al, 1998; Culpan & Taylor, 1973; Goldberg &
Gara, 1990; Hickling et al., 1992; Matsuoka et al,
2008; Shalev et al., 1998). A recent study using self-
reported symptom questionnaires estimates the inci-
dence of depressive symptoms to be 10% (Kenardy
et al., 2015). MDE assessments were performed one
month (Blanchard et al., 1994; Matsuoka et al., 2008;
Shalev et al., 1998) to one year (Blanchard et al,
2004; Goldberg & Gara, 1990) after the crash. In the
study sample, the mothers of children involved in
MVCs also reported MDE at rates comparable to
those observed for direct survivors.

As expected, we confirmed the relationships
between peritraumatic distress and PTSD during
the first year following the MVC, as well as those
between PTSD and MDE (Hoppen & Morina, 2019;
Vance et al., 2018). With regard to peritraumatic dis-
sociation, we only found an association between
altered consciousness and PTSD. Considering the
peritraumatic responses, from a clinical perspective,
assessing peritraumatic distress as a potential risk
factor in the development of adverse psychiatric out-
comes might be useful in triaging patients into low-
risk and high-risk groups after a traumatic event in
order to initiate early preventative treatment
measures in cases of psychiatric sequelae (Vance
et al.,, 2018). When considering the use of the PDI
and the PDEQ in this manner, it is important to
bear in mind that it cannot be posited that there is
a causal link between these peritraumatic responses
and PTSD. At best, peritraumatic responses can be
considered as risk factors for developing PTSD symp-
toms (Vance et al., 2018) after an MVC. However,
dissociation failed to predict PTSD in our study.
This could be due a gender effect. In fact, gender
differences are well-established in the prevalence
and severity of PTSD. There is also growing evidence
that men and women develop PTSD symptoms
differently. A meta-analysis of 1,182 women and
1,150 men (motor vehicle crash survivors and fire
and flood survivors) showed that PTSD development
is mediated by peritraumatic factors. This mediation
is moderated by gender. Men with a higher level of
neuroticism are at particular risk for developing
PTSD (Cyniak-Cieciura et al., 2022).

The prevalence of MDE reported in studies may or
may not be directly associated with the exposure to
and consequences of the traumatic event. While
exposure to MVC and the consequences could play a
causal role in the aetiology of MDE, other influential
pre-MVC and post-MVC variables may also lead to
the development and maintenance of depression
(Hoppen & Morina, 2019). However, PTSD and
MDE should be prioritised as serious global health
issues following exposure to trauma.

Salivary cortisol measured the week after the crash
was significantly lower in mothers who reported peri-
traumatic distress. For those mothers, these values
corresponded to the low values found in the general
population (according to the manufacturer’s stan-
dards). We found no difference regarding peritrau-
matic dissociation. Inslicht et al. (2011) found that a
higher increase in salivary cortisol 0-30 min after awa-
kening, assessed during academic training, was a pro-
spective  predictor of greater peritraumatic
dissociation, but not of peritraumatic distress and
ASD symptoms during the first 3 years of police ser-
vice (Inslicht et al., 2011). The absence of a relation-
ship between reduced basal cortisol and dissociation
is also consistent with the studies by Kobayashi and
Delahanty (Kobayashi & Delahanty, 2014). Their
results did not support the existence of subgroups of
PTSD patients (dissociators versus non-dissociators)
who may have different basal cortisol levels. Moreover,
they highlighted that peritraumatic dissociation was a
better predictor of PTSD symptom severity than wak-
ing cortisol levels.

We found no relationship between the salivary cor-
tisol levels measured in the week following the crash
and probable PTSD in the year following the crash.
PTSD-associated dysregulated HPA axis functionality
was only partially demonstrated. In a recent review
including ten studies (Speer et al., 2019), two studies
indicated an association between PTSD and diurnal
cortisol, three studies demonstrated no association,
and the five remaining studies observed some,
although mostly negative association. A potential
explanation for altered cortisol levels in individuals
with PTSD may not be the disorder itself but rather
the severity of symptoms. Gill et al. (2008) demon-
strated that dysregulated HPA axis functioning related
to lower morning cortisol levels was specifically corre-
lated with PTSD hyperarousal symptoms (Gill et al.,
2008). Moreover, early stress in PTSD patients is con-
sidered to be a major risk factor, and circulating levels
of hormones involved in the flight-or-fight response to
stress are altered, including lower baseline cortisol
levels (Villain et al., 2018). In general, women appear
to have a more sensitised HPA axis with lower overall
plasma cortisol than men. A meta-analysis indicated
that women with PTSD showed lower levels of basal
cortisol than female controls (Meewisse et al., 2007).



Therefore, peritraumatic distress could be a clinical
marker of lower baseline cortisol levels for subjects
at risk of developing PTSD. Moreover, a recent sys-
tematic review and meta-analysis showed that cortisol
levels in the acute post-traumatic phase were not
associated with higher subsequent PTSD symptoms.
However, age moderated the relationship between
cortisol and the risk of PTSD symptoms. These
findings suggest that secondary preventive actions
for PTSD may require different criteria to define
high-risk groups based on HPA activity in youth and
adults (Morris et al., 2016). A second important factor
is the timing of cortisol assessment. Consolidation
models posit that lower circulating cortisol levels
enhance SNS-driven consolidation of traumatic mem-
ory, suggesting that cortisol should be measured
within 6 h of the event (Joéls et al., 2011; Yehuda,
2002).

The strength of our study is that we highlighted that
simply informing mothers of the child’s MVC still
resulted in significant distress and was predictive of
PTSD and MDE for many.

5. Limits

Measuring PTSD with a self-reporting method rather
than assessment by a clinician with a well-established
structured clinical interview is a limitation. The MINI
was designed as a less resource-intensive option that
can be administered by research staff without diagnos-
tic skills, but it may misclassify major depression com-
pared to the SCID (Levis et al., 2019), not to mention
the intensity of symptoms. Once the diagnosis has
been established, examining the intensity of depressive
symptoms and their correlation with PTSD symptoms
could make it possible to identify any association
between peritraumatic distress and dissociation and
PTSD and MDE.

The second limitation is that we had no infor-
mation about the severity of the child’s trauma, and
this could influence the results.

Another limitation is the number of subjects lost to
follow-up: 36 mothers at 5 weeks, 57 at 6 months, and
62 at 1 year.

In addition, an important factor is the timing of
cortisol assessment. Consolidation models posit that
lower circulating cortisol levels enhance SNS-driven
consolidation of traumatic memory, suggesting that
cortisol should be measured within 6 h of the event
to have a bearing on symptomatic outcomes (Morris
et al., 2016). We were unable to follow the same pro-
tocol. The lack of an overall relationship between
simple and poorly controlled measurements of HPA
activity and subsequent PTSD symptoms does not
mean that the HPA axis function before, during or
after trauma is not relevant to symptomatic outcomes.
Moreover, we did not take account of some potential
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confounding variables that could influence salivary
cortisol levels (e.g. medication use, current dx of psy-
chopathology or body mass index). In addition, there
is a brisk increase of cortisol levels within 20-30 min
after awakening in the morning. This phenomenon
is termed the cortisol awakening response (CAR).
The CAR is considered a reliable measure for the
acute reagibility of the HPA axis. However, by measur-
ing samples 1 h after awakening, we are not sure that a
residual from the CAR was captured.

To conclude, our study focused on a population of
mothers and the prevalence of PTSD and MDD is
higher in the female population than in the male
population (Kessler et al., 2005). Therefore, the results
could not be generalised to all.

6. Conclusion

In a group of mothers whose child was admitted to
accident and emergency after an MVC, the prevalence
of probable PTSD and probable MDE was significant.
This is the first time that the mothers of MVC survi-
vors have been assessed for a year following the inci-
dent. If they were reproduced, these results would
encourage the implementation of follow-up pro-
grammes starting at A&E admission, not only for sur-
vivors but also for their mothers. Care could be family-
based and offered to the child survivor and also to
their mother. Screening for peritraumatic reactions
should be done within hours or days following the
injury. Mothers with the most severe reactions may
benefit from an interview with a psychologist. We
confirm that peritraumatic responses such as those
measured using the Peritraumatic Distress Inventory
and the subscale of altered consciousness in the Peri-
traumatic Dissociation Experiences Questionnaire
are useful in predicting the severity of PTSD symp-
toms. This quality was verified for the mothers of
MVC survivors, even though several of them were
also survivors of the same MVC.
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