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Abstract

Background: A better understanding of the extent to which prior occurrences of posttraumatic
stress disorder (PTSD) and major depressive episode (MDE) predict psychopathological reactions
to subsequent traumas might be useful in targeting post-traumatic preventive interventions.

Methods: Data come from 1,306 patients presenting to 29 U.S. emergency departments (EDs)
after a motor vehicle collision (MVC) in the Advancing Understanding of RecOvery afteR
traumA (AURORA) study. Patients completed self-reports in the ED and 2-weeks, 8-weeks, and
3-months post-MVC. Associations of pre-MVC probable PTSD and probable MDE histories with
subsequent 3-months post-MVC probable PTSD and probable MDE were examined along with
mediation through intervening peritraumatic, 2-week, and 8-week disorders.

Results: 27.6% of patients had 3-month post-MVC probable PTSD and/or MDE. Pre-MVC
lifetime histories of these disorders were not only significant (relative-risk=2.6—7.4) but were
dominant (63.1% population attributable risk proportion [PARP]) predictors of this 3-month
outcome, with 46.6% prevalence of the outcome among patients with pre-MVC disorder histories
versus 9.9% among those without such histories. The associations of pre-MVC lifetime disorders
with the 3-month outcome were mediated largely by 2-week and 8-week probable PTSD and
MDE (PARP decreasing to 22.8% with controls for these intervening disorders). Decomposition
showed that pre-MVC lifetime histories predicted both onset and persistence of these intervening
disorders as well as higher conditional prevalence of the 3-month outcome in the presence of these
intervening disorders.

Conclusions: Assessments of pre-MVC PTSD and MDE histories and follow-ups at 2-weeks
and 8-weeks could help target early interventions for psychopathological reactions to MVCs.

Keywords
major depression; motor vehicle collision; posttraumatic stress disorder; trauma

INTRODUCTION

Although it is known that prior history of post-traumatic stress disorder (PTSD; Breslau,
Peterson & Schultz, 2008; Kessler et al., 2018; Beliveau, Sampasa-Kanyinga et al., 2019)
and major depression (MDE; Heron-Delaney, Kenardy, Charlton & Matsuoka, 2013; Bedaso
et al., 2020) both strongly predict adjustment after subsequent traumas (Ikin, Creamer, Sim
& McKenzie, 2010; Pozzato et al., 2020) and are highly comorbid (Kenardy et al., 2018),

a better understanding of these associations is needed to inform early intervention targeting.
Avre these histories important because they are associated with peritraumatic symptoms that
can be assessed in the immediate aftermath of a subsequent trauma? Or are they also (or
instead) associated with PTSD and MDE present several weeks later, persistence of these
disorders, and/or delayed onset of these disorders several months later? The current report
presents initial data on these questions from the Advancing Understanding of RecOvery
afteR traumA (AURORA) study, a longitudinal study of posttraumatic psychopathology

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.
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among patients presenting to an emergency department (ED) in the immediate aftermath

of a traumatic experience (McLean et al., 2020). We focus on motor vehicle collision
(MVC), as most AURORA patients presented with MVCs and the number of patients with
other individual traumas is currently too small for comparative analysis. Previous AURORA
reports examined PTSD and MDE separately in a smaller MVVC sample (Joormann, McLean
et al., 2020; Kessler et al., 2020), documenting that history of PTSD predicts post-MVC
PTSD, and history of MDE predicts post-MVC MDE. The sample in these reports was too
small, though, to consider joint histories of PTSD-MDE as we do in the current report.

MATERIALS AND METHODS

Sample

Measures

AURORA enrollment began September 2017. Patients had to be ages 18-75, to present at
one of 29 urban U.S. EDs within 72 hours of trauma, to speak and read English, to be
oriented to time-space, physically able to use a smart phone and possess a smart phone for
>1 year. We excluded patients with a solid organ injury Grade >1, significant hemorrhage,

or need for a chest tube or operation with general anesthesia. For the current report, we also
required completion of a 3-month assessment before March 30, 2020 (Appendix Figure 1).
We initially excluded patients likely to be admitted but subsequently included those admitted
for no more than 24 hours (as of April 4, 2018) and then no more than 72 hours (as of
December 11, 2018).

After providing written informed consent, patients received an interviewer-administered
assessment, self-report questionnaire, and biological sample collections in the ED (McLean,
Ressler et al., 2020). Subsequent 2-week, 8-week, and 3-month surveys were sent by text

or e-mail for self-completion or telephone interview. Patients were reimbursed $60 for

the ED assessment and $40 for each follow-up. These procedures were approved by each
participating institutional review board. 1,306 patients met all criteria, provided informed
consent, and completed both the baseline ED assessment and the 3-month follow-up. We
retained the subset of these patients who failed to complete either the 2-week (n=55),
8-week (n=72), or both (n=22) surveys, imputing these missing values and using appropriate
analysis methods described below to deal with these imputations.

Socio-demographics: ED interviews assessed patient age, gender, race-ethnicity, marital
status, education, family income, and employment status.

MVC characteristics: Patient self-reported MVC characteristics included: role in the
MVC (driver alone, driver with passengers, passenger); collision with moving vehicle versus
stationary object; amount of vehicle damage, mode of transport to the ED (ambulance, other
direct, non-direct), number of other passengers injured in vehicle, anyone injured outside
vehicle, whether the patient hit their head or suffered a concussion (defined by self-reported
loss of consciousness, amnesia, or disorientation [(McLean et al., 2009)]), severity of injury
(Abbreviated Injury Scale [AIS]; Loftis, Price & Gillich, 2018), and admission versus
discharge from the ED. We also obtained patient self-ratings on a 0-10 visual response scale

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.
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of global pain and 20 other somatic symptoms currently and in the prior 30 days (Farrar,
Young, LaMoreaux, Werth & Poole, 2001). The 20-item scale was adapted from prior scales
(Pennebaker & Watson, 1991; King, Crawford, Wenden, Moss & Wade, 1995; Cronbach’s
a85). A difference score was calculated for this scale and standardized to a within-sample
mean/variance of 0/1.

Peritraumatic distress and dissociation: Peritraumatic distress and dissociation were
assessed in the ED with 8 items from the Peritraumatic Distress Inventory (PDI; Brunet

et al., 2001) and the 5-item Revised Michigan Critical Events Perception Scale (MCEPS;
Michaels et al., 1999), both standardized to mean/variance 0/1 (Cronbach’s a.=.80-.77).

Probable PTSD: The PTSD Checklist for DSM-5 (PCL-5; Michaels, Michaels et al.,
1999) was administered in the ED for the 30-days before the trauma, at 2-weeks for the

two weeks since the trauma and at 8-weeks and 3-months for the prior 30-days (Cronbach’s
a=.96). A conservative 38+ threshold (Zuromski et al., 2019) was used to define probable
threshold PTSD and 31-37 to define probable subthreshold PTSD (Bovin et al., 2016;
Zuromski, Ustun et al., 2019). Lifetime PTSD prior to the MVC was assessed in the 8-week
survey with the PCL-5 (PTSD Checklist for DSM-5) using the same thresholds. The lifetime
assessment asked about the worst month of symptoms because of “any highly stressful
experience that ever happened to you,” whereas the post-MVS assessments asked about
symptoms “either because of the event that brought you into the ED or any other highly
stressful experience that ever happened to you.”

Probable MDE: Depression in the prior 30-days was assessed in the ED, 8-week, and
3-month surveys using the PROMIS (Patient-Reported Outcomes Measurement Information
System) Depression Short-Form 8b (Cella et al., 2010; Cronbach’s a=.95). Scores were
converted to a T-score based on PROMIS norms (PROMIS Cooperative Group, 2021).

The same scale with a 2-week recall period was used in the 2-week survey. Based on the
conservative assumption of a 5% MDE point prevalence in the general population (Brody,
Pratt & Hughes, 2018), the PROMIS scale diagnostic threshold was set at 1.5 standard
deviations above the general population mean to define probable threshold MDE and in

the range 1-1.5 standard deviations above the general population mean to define probable
subthreshold MDE. The self-report version of the Composite International Diagnostic
Interview (CIDI; Kessler & Ustiin, 2004) was used in the 8-week survey to assess pre-MVC
probable lifetime DSM-5 MDE.

Role impairment: Although not used as an outcome, we examined associations between a
modified version of the Sheehan Disability Scale (Leon, Olfson, Portera, Farber & Sheehan,
1997) administered at 3-months with 3-month prevalence of probable PTSD and MDE. This
was done to examine the comparative severity of PTSD-alone, MDE-alone, and comorbid
PTSD-MDE for purposes of determining which of these to include in our composite
dependent variable.

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.
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Analysis methods

RESULTS

We used multiple imputation (MI) implemented with SAS PROC MI (SAS Institute Inc.
2017) in 30 MI replicate samples to correct for missing 2-week and/or 8-week surveys.
Standard MI procedures were used to calculate standard errors (Rubin, 1987). Modified
Poisson regression (Knol, Le Cessie, Algra, Vandenbroucke & Groenwold, 2012) was
used to estimate associations, relative-risk (RR) and 95% confidence intervals (Cl) of socio-
demographic variables and MV C characteristics with a dichotomous outcome coded 1 for
patients with 3-month post-MVC probable PTSD and/or MDE and 0 otherwise. We then
sequentially added additional predictors, including pre-MVC histories of these disorders,
peritraumatic symptoms assessed in the ED, 2-week disorders, and 8-week disorders.
Analyses were carried out initially without taking into consideration clustering across the
29 EDs and then replicated to focus on pooled within-ED associations.

Given the exploratory nature of the investigation and large number of coefficients, we
used a False Discovery Rate (FDR) correction to protect against false positives (Benjamini
& Yekutieli, 2001). We indirectly assessed mediating effects by calculating Population
Attributable Risk Proportions (PARPs) of the 3-month outcome associated with pre-MVC
histories of either probable PTSD or MDE both with and without controls for mediators.
PARP can be interpreted as the proportion of outcome cases associated with one or more
risk factors as determined by calculating estimated values of the outcome in a prediction
model in which the risk factors are all assumed to be absent (Bieler, Brown, Williams &
Brogan, 2010). We also examined interactions of pre-MVC histories of probable PTSD
and/or MDE with 2-week and 8-week disorders in predicting the 3-month outcome.
Statistical significance was consistently evaluated using .05-level two-sided MI-adjusted
tests. Computer code is available from the senior author on request.

Effects of multiple imputation

Comparison of MI means with observed means in subsamples having valid data showed that
multiple imputation estimates are consistent with observed data (Appendix Table 1).

Associations of 3-month probable PTSD and MDE with role impairment

Prevalence of 3-months post-MVC probable disorders was 26.0% PTSD, 12.3% MDE,
27.6% either, 15.5% PTSD-alone, 1.6% MDE-alone, and 10.6% comorbid PTSD-MDE
(Table 1). Even though MDE-alone was rare, mean days out of role was significantly higher
among patients with MDE-alone than PTSD-alone (8.9 vs. 4.0 days, F1=9.6, p=.001) and

a higher proportion of patients with 3-month MDE-alone than PTSD-alone had severe role
impairment (38.1% vs. 24.3%, F1=1.9, p=.172; Appendix Table 2). These results led us to
retain 3-month probable MDE-alone in the outcome, which we defined as 3-month probable
PTSD and/or MDE. However, as predictors of MDE-alone might be different from those of
PTSD, we also carried out final model sensitivity analyses to distinguish the predictors of
3-month probable PTSD versus 3-month probable MDE.

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.
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Pre-MVC histories of probable PTSD and MDE predicting the 3-month outcome

No socio-demographic variables significantly predicted 3-month probable PTSD and/or
MDE, (Appendix Table 3) but three MV C characteristics were significant; vehicle damage,
concussion, and severe pain (univariable RRs=1.4-1.7; Table 2) All three remained
significant in multivariable analysis (Model 1; RR=1.4-1.8). Controlling these MVVC
characteristics, pre-MVC probable PTSD and MDE were also significant predictors of

the 3-month outcome (Model 2; RR=1.4-3.6) when we distinguished between probable
PTSD and MDE present in the 30-days before the MVC (20.5% and 6.2% of patients,
respectively) and lifetime disorders not present in the 30-days before the MVC (23.3%

and 18.4% of patients, respectively). Joint associations among these predictors were
significantly nonadditive (F4=5.7, p=.033). The highest unadjusted nonadditive relative-risk
was pre-MVC lifetime comorbid probable PTSD and MDE with at least one of these

two disorders present in the 30-days before the MVVC (RR=7.4). Less pronounced, but

still statistically significant, relative-risks were found for lifetime history of both disorders
without either in the past 30-days (RR=4.5), lifetime probable PTSD-alone with or without
30-day prevalence (RR=4.1), and lifetime probable MDE-alone with or without 30-day
prevalence (RR=2.6). These relative-risks were slightly attenuated when controlling for
MVC characteristics (Model 3), but combined PARP (SE) for all pre-MVC disorder
variables controlling MVC characteristics was still 63.1% (3.3). This means 3-month
outcome prevalence would be reduced by 63.1% if we could block the causal forces linking
pre-MVC PTSD-MDE to the outcome. Results were unchanged when we examined pooled
within-ED associations (Appendix Table 4, Model 2), whereas between-ED variation in the
outcome was nonsignificant (F2g=0.6, p=.98) and when 3-month probable PTSD was the
outcome (Appendix Table 4, Model 3).

Peritraumatic symptoms and 2-week disorders predicting the 3-month outcome

We next examined mediation through peritraumatic symptoms assessed in the ED and
2-week disorders (Table 3). Although both peritraumatic distress (RR=1.3) and peritraumatic
dissociation (RR=1.6) were significant predictors of the 3-month outcome in univariable
models, both became nonsignificant when controlling pre-MVC histories (Model 2).
Two-week probable threshold PTSD-alone (RR=3.4), subthreshold PTSD (RR=2.5), and
threshold MDE (RR=1.6), in comparison, were all significant when added to the model
(Model 3). The joint associations of these 2-week disorders with the outcome were
nonadditive (F4=4.2, p=.046), with highest relative-risk (Model 4) associated with having
comorbid 2-week disorders (threshold or subthreshold; RR=5.0) followed by having either
probable threshold or subthreshold PTSD-alone (RR=3.6) or MDE-alone (RR=3.7).

Severe pain reported in the ED (the only significant MVVC predictor in the final Table 2
model) remained significant when we adjusted for peritraumatic symptoms and 2-week
disorders (RR=1.4 in Models 1-2 vs. RR=1.3 in Models 3-4). The associations of pre-
MVC probable PTSD and MDE with the 3-month outcome, in comparison, were reduced
substantially by these controls (Model 4), as indicated by PARP (SE) of the four pre-MVC
history variables decreasing from 63.1% (3.3) to 46.8% (4.1). Results were unchanged when
we examined pooled within-ED associations and when 3-month probable PTSD was the
outcome (Appendix Table 5, Models 2-3).

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.
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2-week and 8-week disorders predicting the 3-month outcome

We next examined mediation through 8-week disorders. All four relative-risks of 8-week
probable threshold and sub-threshold PTSD and MDE were significant predictors of the
3-month outcome (RR=1.4-4.3) in an additive model (Appendix Table 6, Model 1). But
joint associations were significantly nonadditive and inspection led us to collapse 8-week
probable threshold and subthreshold MDE into a single category because the relative-risks
were the same (F1=0.1, p=.89), resulting in significant interactions between the two terms
for probable PTSD and the single composite MDE term (F2=5.4, p=.005). The cross-
classification of 8-week probable PTSD and MDE resulted in five statistically significant
dummy predictor variables (Appendix Table 6, Model 2). The highest relative-risks were
associated with comorbid 8-week probable threshold PTSD and either probable threshold or
subthreshold 8-week MDE (RR=7.5) followed by probable PTSD-alone (RR=6.3), probable
subthreshold PTSD either with (RR=4.7) or without (RR=3.0) 8-week probable MDE,

and 8-week probable MDE-alone (RR=3.9). The FDR correction for the possibility of

false positives in estimating so many coefficients found that the great majority remained
significant. Results were unchanged when we examined pooled within-ED associations and
when 3-month probable PTSD was the outcome (Appendix Table 7, Models 2-3). We also
investigated whether any of these associations was different when we distinguished between
3-month probable PTSD-alone and 3-month probable MDE (Appendix Table 7, Model 4).
The only significant predictor was the dummy variable for having a pre-MVC history of
both and pre-MVC 30-day prevalence of at least one of these disorders (RR=0.5).

A marginally significant interaction was found between 2-week and 8-week disorders after
collapsing several extremely small cells that prevented the full interaction model from
being estimated (F12=1.8, p=.049). Inspection showed this interaction was due entirely

to a significantly reduced relative-risk among patients with no threshold or subthreshold
disorders at either 2-weeks or 8-weeks (F1=11.5, p<.001). No other interaction was
significant (F11=0.8, p=.60). The subsequent model (Table 4, Model 1) consequently
included only a single interaction for having at least one 2-week or 8-week threshold

or subthreshold disorder (RR=4.0). Adding this interaction to the additive model led to

a substantial attenuation of the coefficients for 8-week disorders (RR=1.8-4.8 compared
to RR=3.0-7.5 in Appendix Table 6, Model 2). The associations of pre-MVC lifetime
PTSD and MDE with the 3-month outcome were also attenuated compared to the

model controlling only 2-week disorders (RR=1.4-1.7 in Appendix Table 6, Model 2,
F4=2.5, p=.05, versus RR=2.1-3.2 in Table 3, Model 4, F4=11.7, p<.001). However, these
coefficients remained largely significant after FDR correction even though PARP (SE) of
pre-MVC probable PTSD and MDE further decreased from 46.8% (4.1) to 22.8% (4.4).
Results were unchanged when we examined pooled within-ED associations and when
3-month probable PTSD was the outcome (Appendix Table 8, Models 2-3).

Some insight into the mediating effects of 2-week and 8-week disorders can be obtained by
estimating subgroup models separately for patients with (Table 4, Model 2a) and without

(Model 2b) pre-MVC lifetime disorders. Among patients without such histories, none of the
2-week disorder profiles (F3=1.5, p=.21) but all the 8-week disorder profiles (RR=4.1-19.9)
significantly predicted the 3-month outcome, with the latter coefficients significantly higher
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than among patients with pre-MVC histories (F5=2.4, p=.029). Having at least one 2-week
and/or 8-week threshold or subthreshold disorder, in comparison, was not a significant
predictor (RR=1.1, F1=0.0, p=.86).

Among patients with pre-MVC lifetime disorders, in comparison, neither pre-MVC lifetime
disorder profiles (F4=0.5, p=.67) nor 2-week disorder profiles (F3=1.4, p=.26) predicted

the 3-month outcome and the only significant 8-week profiles were those associated with
probable threshold PTSD (with or without threshold or subthreshold MDE; RR=2.5-2.9).
The much more important predictor among these patients was a dummy variable for having
any 2-week or 8-week threshold or subthreshold disorder (RR=6.0), which, as noted above,
was not significant among patients without a pre-MVC history of these disorders.

The incremental elevation in RR among patients with versus without a pre-MVC lifetime
history of either disorder after adjusting for the intervening 2-week and 8-week disorders
was a nonsignificant RR=1.8 (F1=0.6, p=.43; Table 4, Model 2¢). When we removed the
2-week and 8-week disorders from the model, in comparison, this coefficient increased to
RR=4.2 (3.1-5.5, F1=8.1, p=.004). This means, consistent with the PARP estimates, that
most of the gross association between pre-MVC lifetime history and the 3-month outcome is
mediated through the 2-week and 8-week disorders.

A better understanding of this complex set of specifications can be obtained by examining
conditional prevalence of the 3-month outcome in subsamples of patients with and without
pre-MVC lifetime histories stratified by the joint prevalence of 2-week and 8-week probable
PTSD and MDE (Table 5). The higher risk of the 3-month outcome among patients with
than without pre-MVC histories can be seen in four different ways: (1) A significantly
higher probability of having 2-week disorders (71.0% vs. 34.2%, F1=81.5, p<.001); (2)

A significantly higher probability of disorder persistence at 8-weeks among patients with
2-week disorders (82.6% vs. 49.4%, F1=25.2, p<.001); (3) A significantly higher probability
of delayed disorder onset by 8-weeks among 2-week non-cases (39.4% vs. 11.2%, F1=39.5,
p<.001); and (4) higher prevalence of the 3-month outcome within each of the 3 subsamples
of patients with intervening 2-week and/or 8-week disorders (i.e., those with both 2-week
and 8-week disorders [66.6% vs. 42.7%, F1=7.6, p=.006], only 2-week disorders [24.4% vs.
3.9%, F1=11.4, p<.001], and only 8-weeks disorders [36.0% vs. 15.2%, F1=4.0, p=.045]).
These differences resulted in a significantly higher prevalence of the outcome among
patients with any 2-week or 8-week disorder (55.9% vs. 21.7%, F1=41.8, p<.001), and a
nonsignificant difference in prevalence among patients with no 2-week or 8-week disorder
(2.9% vs. 1.6%, F1=0.7, p=.40), leading to a significantly higher 46.6% prevalence of

the 3-month outcome among patients with pre-MVC lifetime histories than 9.9% among
patients without such histories (F1=120.5, p<.001).

DISCUSSION

Pre-MVC histories of probable PTSD and MDE are much higher in the AURORA sample
than the general population (Koenen et al., 2017; Bromet et al., 2011). This could be due
to these lifetime disorders predicting either (i) increased risk of experiencing an MVC,
(ii) increased probability of seeking ED treatment after an MVC, and/or (iii) increased
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probability of agreeing to participate in the AURORA study. Possibility (iii) was the only
one we could study in AURORA, but this information was not collected. However, we
have now modified the AURORA data collection design going forward based on this high
prevalence to obtain reports about pre-trauma histories from a probability subsample of
patients who decline to participate in AURURA.

We also found that pre-MVC histories were strong predictors of the 3-month outcome.

This is broadly consistent with previous research showing that histories of PTSD (Breslau,
Peterson & Schultz, 2008; Kessler et al., 2018; Beliveau, Sampasa-Kanyinga et al., 2019)
and more general psychopathology (Heron-Delaney, Kenardy, Charlton & Matsuoka, 2013;
Bedaso et al., 2020) strongly predict post-traumatic adjustment. We also found that these
associations were mediated by 2-week and 8-week disorders and that significant interactions
existed between pre-MVC histories and the mediators due to pre-MVC histories predicting
onset and persistence of these intervening disorders as well as higher conditional prevalence
of the 3-month outcome in the presence of these intervening disorders.

Our findings highlight the importance of MDE in post-traumatic psychopathology. Probable
3-month MDE, although uncommon in the absence of 3-month probable PTSD, occurred
among roughly half of 3-month PTSD cases and was associated with much more role
impairment than PTSD-alone. In addition, pre-MVC lifetime comorbid probable PTSD-
MDE was both the strongest predictor of the 3-month outcome in univariable analyses

and had the highest mediator relative-risks at both 2-weeks and 8-weeks. These results are
consistent with prior research showing that comorbid MDE is a strong predictor of PTSD
persistence and severity (Schindel-Allon, Aderka, Shahar, Stein & Gilboa-Schechtman,
2010; Pozzato, Craig et al., 2020).

Our failure to find that peritraumatic symptoms were important predictors might seem
inconsistent with prior research (van der Velden & Wittmann, 2008; Bronner et al., 2009;
Vance, Kovachy, Dong & Bui, 2018), but we found gross associations (i.e., when we did
not control for prior lifetime PTSD or MDE) similar to those in previous research. It

was only when we controlled for pre-MVC lifetime histories that peritraumatic symptoms
became nonsignificant, raising the possibility that peritraumatic distress-dissociation might
be markers of more characterological risk factors. Future research in this area should
consequently include baseline assessments of prior lifetime PTSD and MDE.

In addition to showing the importance of pre-MVC diagnosis in the prediction of
post-trauma adjustment, the mediation findings provide important symptom trajectory
information. Specifically, we found that 2-week and 8-week symptoms were highly
predictive of 3-month outcomes, especially in high-risk participants with a history of
pre-trauma disorders. Conversely, our analyses showed that if participants did not show
an onset of disorder by 8 weeks, they were unlikely to receive a 3-month diagnosis even
if they were in this high-risk group. These findings are important for early identification
and intervention and emphasize the importance of close monitoring of symptoms in the
first weeks post-trauma. In particular, a regular follow-up around 2-weeks post-trauma
should be easy to implement and could become part of routine medical follow-ups. Indeed,
recent studies have pointed to the promise of easy-to-implement mhealth assessments and
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interventions in the first 30-days post-trauma (Price et al., 2018; Price et al., 2017) using a
combination of active and passive strategies. Obtaining fine-grained trajectory information
would help optimize the implementation of these novel assessments and interventions such
as in a stepped-care approach (Ho et al., 2016).

The study has several limitations. First, the majority of people who experience trauma do
not come to an ED and many of those that came declined to participate in AURORA.

This means that our results cannot be assumed to apply to the larger population. Second,
PTSD and MDE were assessed by self-report rather than diagnostic interviews. Third, many
statistical tests were conducted, increasing risk of type I errors even with FDR corrections.
Fourth, we focused on MVC because other traumas were too uncommon individually to be
included with controls, limiting generalizability of results. However, we will address this
limitation as the AUDORA sample size grows. Fifth, we were unable to carry out a full
disaggregation to determine if (i) 3-month outcomes represented new onsets or continuations
of pre-existing episodes or (ii) the significant predictors apply to episode onset, persistence,
or both among new cases. Such analyses would require the 9 coefficients in the first two
columns of Table 5 to be estimated separately within each of 8 logically possible subgroups
defined by the cross-classification of lifetime and recent pre-MVC probable PTSD and
MDE. We attempted this but the coefficients were too unstable for interpretation. Once the
full AURORA sample (which will about 3 times the size of the current sample) is available,
though, this disaggregation will become possible. We will also follow patients for 12 months
rather than only the 3 months considered here, allowing an investigation of delayed-onset
cases, which previous research shows to be common (Bryant et al., 2020; Lowe et al., 2020).
Sixth, we only examined a subset of the survey predictors and none of the biomarkers
available in the AURORA dataset in this early report. Most notable among the omitted
predictors are measures of prior lifetime trauma exposure, which occurred definitionally
among patients with prior PTSD, and which future research might show to account for the
predictive associations of prior PTSD with our 3-month outcome.

Despite these limitations, our results suggest strongly that pre-MVC histories of PTSD
and/or MDE are strong predictors of 3-month post-traumatic psychopathological responses
and that these associations are largely mediated through intermediate disorders in ways that
could have important implications for early interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

AURORA is supported by NIMH U01MH110925, the U.S. Army Medical Research and Materiel Command, The
One Mind Foundation, and The Mayday Fund. Verily Life Sciences and Mindstrong Health provide some of the
hardware and software used to perform study assessments.

Conflict of Interest Statement:
Dr. Joorman has served as a consultant for Janssen Pharmaceuticals. In the last three years, Dr. Clifford has received

research funding from the National Science Foundation, the National Institute of Health, and LifeBell Al; he
has received unrestricted donations from AliveCor, Amazon Research, the Center for Discovery, the Gordon and

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Joormann et al. Page 13

Betty Moore Foundation, MathWorks, Microsoft Research, the Gates Foundation, Google, One Mind Foundation,
and Samsung Research; he has financial interest in AliveCor, and has received unrestricted funding from the
company; he is the chief technology officer of MindChild Medical and chief security officer of LifeBell Al, and has
ownership in both companies. In the past three years, Dr. Germine has served on the Scientific Advisory Board of
Sage Bionetworks, for which she received a small honorarium. Dr. Rauch has a paid role as secretary of Society

of Biological Psychiatry; he has received royalties from Oxford University Press and from American Psychiatric
Publishing Inc.; has paid board service from Community Psychiatry, including equity outside the submitted work;
and he has served as the board of director for Anxiety and Depression Association of America, and National
Network of Depression Centers. Dr. Jones has been an investigator on studies funded by Hologic Inc, Janssen,
AstraZeneca, and Vapotherm. Over the past 3 years, Dr. Pizzagalli has received consulting fees from BlackThorn
Therapeutics, Boehringer Ingelheim, Compass Pathway, Concert Pharmaceuticals, Engrail Therapeutics, Otsuka
Pharmaceuticals, and Takeda Pharmaceuticals; he has one honorarium from Alkermes; he has received research
funding from Millennium Pharmaceuticals; and he has received stock options from BlackThorn Therapeutics. Dr.
Harte has received personal fees from National Institute of Health/University of North Carolina - Chapel Hill,
Aptinyx, Heron Therapeutics, Memorial Sloan Cancer Center, and Eli Lilly; he has received grants from Aptinyx
and Arbor Medical Innovations; and he reports membership to Arbor Medical Innovations. Dr. Elliot has received
grants from the National Institutes of Health. In the past 3 years, Dr. Kessler has served as a consultant for Datastat,
Inc., Holmusk, RallyPoint Networks, Inc., and Sage Therapeutics and he has stock options in Mirah, PYM, and
Roga Sciences. All other authors declare that there are no conflicts of interest.

Data availability Statement:

The data that support the findings of this study will eventually be openly available at the
NIMH National Data Archive at https://nda.nih.gov/edit_collection.htmI?id=2526, reference
number 2526.

References

Bedaso A, Kediro G, Ebrahim J, Tadesse F, Mekonnen S, Gobena N & Gebrehana E (2020).
Prevalence and determinants of post-traumatic stress disorder among road traffic accident survivors:
a prospective survey at selected hospitals in southern Ethiopia. BMC Emergency Medicine, 20, 52.
10.1186/s12873-020-00348-5 [PubMed: 32590935]

Beliveau PJH, Sampasa-Kanyinga H, Colman | & Zamorski MA (2019). Are personnel with a
past history of mental disorders disproportionately vulnerable to the effects of deployment-related
trauma? A cross-sectional study of Canadian military personnel. BMC Psychiatry, 19, 156. 10.1186/
$12888-019-2146-z [PubMed: 31117963]

Benjamini Y & Yekutieli D (2001). The Control of the False Discovery Rate in Multiple Testing under
Dependency. The Annals of Statistics, 29, 1165-1188.

Bieler GS, Brown GG, Williams RL & Brogan DJ (2010). Estimating model-adjusted risks, risk
differences, and risk ratios from complex survey data. American Journal of Epidemiology, 171,
618-623. 10.1093/aje/kwp440 [PubMed: 20133516]

Bovin MJ, Marx BP, Weathers FW, Gallagher MW, Rodriguez P, Schnurr PP & Keane TM (2016).
Psychometric properties of the PTSD Checklist for Diagnostic and Statistical Manual of Mental
Disorders-Fifth Edition (PCL-5) in veterans. Psychological Assessment, 28, 1379-1391. 10.1037/
pas0000254 [PubMed: 26653052]

Breslau N, Peterson EL & Schultz LR (2008). A second look at prior trauma and the posttraumatic
stress disorder effects of subsequent trauma: a prospective epidemiological study. Archives of
General Psychiatry, 65, 431-437. 10.1001/archpsyc.65.4.431 [PubMed: 18391131]

Brody DJ, Pratt LA & Hughes JP (2018). Prevalence of Depression Among Adults Aged 20 and Over:
United States, 2013-2016. US Department of Health and Human Services. https://www.cdc.gov/
nchs/data/databriefs/db303.pdf.

Bromet E, Andrade LH, Hwang I, Sampson NA, Alonso J, de Girolamo G, ... Kessler RC
(2011). Cross-national epidemiology of DSM-IV major depressive episode. BMC medicine, 9, 90.
10.1186/1741-7015-9-90 [PubMed: 21791035]

Bronner MB, Kayser AM, Knoester H, Bos AP, Last BF & Grootenhuis MA (2009). A pilot study
on peritraumatic dissociation and coping styles as risk factors for posttraumatic stress, anxiety and
depression in parents after their child’s unexpected admission to a Pediatric Intensive Care Unit.

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.


https://nda.nih.gov/edit_collection.html?id=2526
https://www.cdc.gov/nchs/data/databriefs/db303.pdf
https://www.cdc.gov/nchs/data/databriefs/db303.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Joormann et al.

Page 14

Child and Adolescent Psychiatry and Mental Health, 3, 33. 10.1186/1753-2000-3-33 [PubMed:
19832987]

Brunet A, Weiss DS, Metzler TJ, Best SR, Neylan TC, Rogers C, ... Marmar CR (2001). The
Peritraumatic Distress Inventory: a proposed measure of PTSD criterion A2. American Journal of
Psychiatry, 158, 1480-1485. 10.1176/appi.ajp.158.9.1480

Bryant RA, Gibbs L, Colin Gallagher H, Pattison P, Lusher D, MacDougall C, ... O’Donnell
M (2020). The dynamic course of psychological outcomes following the Victorian Black
Saturday bushfires. Australian and New Zealand Journal of Psychiatry, 4867420969815.
10.1177/0004867420969815

Cella D, Riley W, Stone A, Rothrock N, Reeve B, Yount S, ... Hays R (2010). The Patient-Reported
Outcomes Measurement Information System (PROMIS) developed and tested its first wave of
adult self-reported health outcome item banks: 2005-2008. Journal of Clinical Epidemiology, 63,
1179-1194. 10.1016/j.jclinepi.2010.04.011 [PubMed: 20685078]

Farrar JT, Young JP Jr., LaMoreaux L, Werth JL & Poole MR (2001). Clinical importance of changes
in chronic pain intensity measured on an 11-point numerical pain rating scale. Pain, 94, 149-158.
10.1016/s0304-3959(01)00349-9 [PubMed: 11690728]

Heron-Delaney M, Kenardy J, Charlton E & Matsuoka Y (2013). A systematic review of predictors of
posttraumatic stress disorder (PTSD) for adult road traffic crash survivors. Injury, 44, 1413-1422.
10.1016/j.injury.2013.07.011 [PubMed: 23916902]

Ikin JF, Creamer MC, Sim MR & McKenzie DP (2010). Comorbidity of PTSD and depression in
Korean War veterans: prevalence, predictors, and impairment. Journal of Affective Disorders, 125,
279-286. 10.1016/j.jad.2009.12.005 [PubMed: 20071032]

Ho FY, Yeung WF, Ng TY et al. The Efficacy and Cost-Effectiveness of Stepped Care Prevention and
Treatment for Depressive and/or Anxiety Disorders: A Systematic Review and Meta-Analysis. Sci
Rep 6, 29281 (2016). 10.1038/srep29281 [PubMed: 27377429]

Joormann J, McLean SA, Beaudoin FL, An X, Stevens JS, Zeng D, ... Kessler RC (2020). Socio-
demographic and trauma-related predictors of depression within eight weeks of motor vehicle
collision in the AURORA study. Psychological Medicine, 1-14. 10.1017/s0033291720003773

Kenardy J, Edmed SL, Shourie S, Warren J, Crothers A, Brown EA, ... Heron-Delaney M (2018).
Changing patterns in the prevalence of posttraumatic stress disorder, major depressive episode
and generalized anxiety disorder over 24 months following a road traffic crash: Results from the
UQ SuPPORT study. Journal of Affective Disorders, 236, 172-179. 10.1016/j.jad.2018.04.090
[PubMed: 29738952]

Kessler RC, Aguilar-Gaxiola S, Alonso J, Bromet EJ, Gureje O, Karam EG, ... Zaslavsky AM
(2018). The associations of earlier trauma exposures and history of mental disorders with PTSD
after subsequent traumas. Molecular Psychiatry, 23, 1892-1899. 10.1038/mp.2017.194 [PubMed:
28924183]

Kessler RC, Ressler KJ, House SL, Beaudoin FL, An X, Stevens JS, ... McLean SA (2020). Socio-
demographic and trauma-related predictors of PTSD within 8 weeks of a motor vehicle collision in
the AURORA study. Molecular Psychiatry. 10.1038/s41380-020-00911-3

Kessler RC & Ustiin TB (2004). The World Mental Health (WMH) Survey Initiative Version of
the World Health Organization (WHO) Composite International Diagnostic Interview (CIDI).
International Journal of Methods in Psychiatric Research, 13, 93-121. 10.1002/mpr.168 [PubMed:
15297906]

King NS, Crawford S, Wenden FJ, Moss NE & Wade DT (1995). The Rivermead Post Concussion
Symptoms Questionnaire: a measure of symptoms commonly experienced after head injury and its
reliability. Journal of Neurology, 242, 587-592. 10.1007/bf00868811 [PubMed: 8551320]

Knol MJ, Le Cessie S, Algra A, Vandenbroucke JP & Groenwold RH (2012). Overestimation of
risk ratios by odds ratios in trials and cohort studies: alternatives to logistic regression. CMAJ:
Canadian Medical Association Journal, 184, 895-899. 10.1503/cmaj.101715 [PubMed: 22158397]

Koenen KC, Ratanatharathorn A, Ng L, McLaughlin KA, Bromet EJ, Stein DJ, ... Kessler RC (2017).
Posttraumatic stress disorder in the World Mental Health Surveys. Psychological Medicine, 47,
2260-2274. 10.1017/s0033291717000708 [PubMed: 28385165]

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Joormann et al.

Page 15

Leon AC, Olfson M, Portera L, Farber L & Sheehan DV (1997). Assessing psychiatric impairment in
primary care with the Sheehan Disability Scale. International Journal of Psychiatry in Medicine,
27, 93-105. 10.2190/t8em-c8yh-373n-1uwd [PubMed: 9565717]

Loftis KL, Price J & Gillich PJ (2018). Evolution of the Abbreviated Injury Scale: 1990-2015. Traffic
Injury Prevention, 19, S109-s113. 10.1080/15389588.2018.1512747 [PubMed: 30543458]

Lowe SR, Ratanatharathorn A, Lai BS, van der Mei W, Barbano AC, Bryant RA, ... Kessler
RC (2020). Posttraumatic stress disorder symptom trajectories within the first year following
emergency department admissions: pooled results from the International Consortium to predict
PTSD. Psychological Medicine, 1-11. 10.1017/s0033291719004008

McLean SA, Kirsch NL, Tan-Schriner CU, Sen A, Frederiksen S, Harris RE, ... Maio RF (2009).
Health status, not head injury, predicts concussion symptoms after minor injury. American Journal
of Emergency Medicine, 27, 182-190. 10.1016/j.ajem.2008.01.054

McLean SA, Ressler K, Koenen KC, Neylan T, Germine L, Jovanovic T, ... Kessler R (2020). The
AURORA Study: a longitudinal, multimodal library of brain biology and function after traumatic
stress exposure. Molecular Psychiatry, 25, 283-296. 10.1038/s41380-019-0581-3 [PubMed:
31745239]

Michaels AJ, Michaels CE, Moon CH, Smith JS, Zimmerman MA, Taheri PA & Peterson
C (1999). Posttraumatic stress disorder after injury: impact on general health outcome
and early risk assessment. Journal of Trauma, 47, 460-466; discussion 466—467.
10.1097/00005373-199909000-00005

Pennebaker JW & Watson D (1991). The Psychology of Somatic Symptoms. In Kirmayer LJ &
Robbins JM (Eds.), Current Concepts of Somatization: Research and Clinical Persepectives (pp.
21-35). Arlington, VA: American Psychiatric Association.

Pozzato I, Craig A, Gopinath B, Kifley A, Tran Y, Jagnoor J & Cameron ID (2020). Outcomes after
traffic injury: mental health comorbidity and relationship with pain interference. BMC Psychiatry,
20, 189. 10.1186/512888-020-02601-4 [PubMed: 32345257]

Price M, van Stolk-Cooke K, Ward HL, O’Keefe M, Gratton J, Skalka C, Freeman K. Tracking
post-trauma psychopathology using mobile applications: A usability study. J Technol Behav Sci.
2017 3;2(1):41-48. doi: 10.1007/s41347-016-0008-9. Epub 2017 Jan 11. [PubMed: 29109968]

Price M, van Stolk-Cooke K, Brier ZMF, Legrand AC. mHealth solutions for early interventions after
trauma: improvements and considerations for assessment and intervention throughout the acute
post-trauma period. Mhealth. 2018;4:22. Published 2018 Jul 2. d0i:10.21037/mhealth.2018.06.03
[PubMed: 30148137]

PROMIS Cooperative Group. (2021). Promis: Interpret Scores. https://www.healthmeasures.net/score-
and-interpret/interpret-scores/promis.

Rubin DB (1987). Multiple imputation for nonresponse in surveys. New York: Wiley.

SAS Institute, Inc. (2017) SAS/STAT Software, Version 14.3 of the SAS System for UNIX. Cary, NC,
SAS Intitute, Inc.

Schindel-Allon I, Aderka IM, Shahar G, Stein M & Gilboa-Schechtman E (2010). Longitudinal
associations between post-traumatic distress and depressive symptoms following a traumatic event:
a test of three models. Psychological Medicine, 40, 1669-1678. 10.1017/s0033291709992248
[PubMed: 20059801]

Schultebraucks K, Sijbrandij M, Galatzer-Levy I, Mouthaan J, OIff M & van Zuiden M (2021).
Forecasting individual risk for long-term Posttraumatic Stress Disorder in emergency medical
settings using biomedical data: A machine learning multicenter cohort study. Neurobiology of
Stress, 14, 100297. 10.1016/j.ynstr.2021.100297 [PubMed: 33553513]

van der Velden PG & Wittmann L (2008). The independent predictive value of peritraumatic
dissociation for PTSD symptomatology after type | trauma: a systematic review of prospective
studies. Clinical Psychology Review, 28, 1009-1020. 10.1016/j.cpr.2008.02.006 [PubMed:
18406027]

Vance MC, Kovachy B, Dong M & Bui E (2018). Peritraumatic distress: A review and synthesis of 15
years of research. Journal of Clinical Psychology, 74, 1457-1484. 10.1002/jclp.22612 [PubMed:
29543336]

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.


https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis
https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Joormann et al.

Page 16

Zuromski KL, Ustun B, Hwang |, Keane TM, Marx BP, Stein MB, ... Kessler RC (2019). Developing
an optimal short-form of the PTSD Checklist for DSM-5 (PCL-5). Depression and Anxiety, 36,
790-800. 10.1002/da.22942 [PubMed: 31356709]

Depress Anxiety. Author manuscript; available in PMC 2023 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Joormann et al. Page 17

Table 1

Prevalence of 3-month Probable PTSD, MDE, and their comorbidity (n = 1,306)7

% (SE)
Either PTSD or MDE 276 (1.2)
PTSD (with or without MDE)  26.0 (1.2)
MDE (with or without PTSD)  12.3  (0.9)

Both PTSD and MDE 106 (0.8)
PTSD-anne¢ 155 (1.0)
MDE-alone” 16 (0.3)

Abbreviations. MDE, major depressive episode; PTSD, Posttraumatic Stress Disorder; SE, standard error.

fTo reduce redundancy, each survey-based assessment of Probable PTSD and MDE is referred to in the table and subsequent footnotes as “PTSD”
and “MDE’.

17tPTSD-anne indicates a diagnosis of PTSD and no diagnosis of MDE, MDE-alone indicates a diagnosis of MDE and no diagnosis of PTSD
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