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This is the initial report of results from the AURORA multisite longitudinal study of adverse post-
traumatic neuropsychiatric sequelae (APNS) among participants seeking emergency department
(ED) treatment in the aftermath of a traumatic life experience. We focus on n=666 participants
presenting to EDs following a motor vehicle collision (MVC) and examine associations

of participant socio-demographic and participant-reported MV C characteristics with 8-week
posttraumatic stress disorder (PTSD) adjusting for pre-MVC PTSD and mediated by peritraumatic
symptoms and 2-week acute stress disorder (ASD). Peritraumatic Symptoms, ASD, and PTSD
were assessed with self-report scales. Eight-week PTSD prevalence was relatively high (42.0%)
and positively associated with participant sex (female), low socioeconomic status (education and
income), and several self-report indicators of MV C severity. Most of these associations were
entirely mediated by peritraumatic symptoms and, to a lesser degree, ASD, suggesting that the
first 2 weeks after trauma may be a uniquely important time period for intervening to prevent and
reduce risk of PTSD. This observation, coupled with substantial variation in the relative strength
of mediating pathways across predictors, raises the possibility of diverse and potentially complex
underlying biological and psychological processes that remain to be elucidated with more in-depth
analyses of the rich and evolving AURORA data.

INTRODUCTION

Forty million Americans come to an emergency department (ED) after a traumatic
experience each year [1]. A substantial proportion of these people develop adverse post-
traumatic neuropsychiatric sequelae (APNS) [2, 3], including posttraumatic stress disorder
(PTSD), major depression, post-concussion syndrome, and chronic pain syndrome[1, 4-6].
These APNS are an important source of population morbidity and mortality [7, 8] that are
partially preventable because opportunities exist to develop preventive interventions for them
in the immediate aftermath of trauma exposure. Efforts to develop these early interventions
are hampered, though, by the fact that integrated research on the pathogenesis of APNS at
the molecular, neural, physiological, cognitive, and behavioral levels is only in its infancy

[°1.

The scale and complexity of the work needed to address existing knowledge gaps in this area
require a programmatic approach. Recognizing this fact, the National Institute of Mental
Health recently initiated a cooperative effort, the AURORA (Advancing Understanding

of RecOvery afteR traumA) study, to collect a broad range of biobehavioral data from
thousands of trauma survivors recruited from EDs and followed for one year [10]. In

this initial AURORA report we focus on PTSD, the most widely-studied APNS, among
participants experiencing motor vehicle collision (MVC), the most common life-threatening
traumatic experience in industrialized countries [11], and examine patterns and associations
of socio-demographic characteristics and MVC experiences with peritraumatic symptoms
and 8-week PTSD.

Previous research has documented associations of socio-demographic characteristics (age,
seX, race-ethnicity, socioeconomic status) and aspects of MVC severity with PTSD [12, 13].
But it is unknown how much these associations are mediated by peritraumatic symptoms
that can be assessed in the ED and predict PTSD [14, 15] or by acute stress reactions that

Mol Psychiatry. Author manuscript; available in PMC 2021 October 13.
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develop in the early weeks after MVVC and also predict PTSD [16]. Nor do we know the

extent to which these associations are explained by pre-MVC PTSD. We focus on these

questions in the current report. An understanding of these different possibilities could be
valuable in designing preventive interventions for PTSD.

PARTICIPANTS AND METHODS

Participants

Measures

AURORA enrollment began September 2017. The n=666 cases considered here are from
the first data freeze, which included respondents who completed 8-week assessments before
April 2019. This cut-off was chosen to yield enough cases for preliminary descriptive
analyses early enough in the field process to allow mid-course corrections if data problems
were detected. We recognize that these early cases are too few in number to allow powerful
analyses to be carried out of complex associations but are sufficient to allow prevalence
estimates in the expected range to be obtained with standard errors of 0.2% and to

examine basic time-lagged associations. Enrollment occurred at 23 urban EDs across the
US. Enrollment focused on patients ages 18-75 presenting within 72 hours of MVC who
could speak and read English, were oriented to time-space and able to follow the enroliment
protocol, were physically able to use a smart phone and possessed a smart phone for >1
year. (Supplementary Figure 1) We excluded participants with a solid organ injury Grade
>1 based on American Association for the Surgery of Trauma (AAST) criteria, significant
hemorrhage, need for a chest tube or operation with general anesthesia, or likely to be
admitted for >72 hours. A total of 867 participants met all criteria, provided informed
consent, and completed baseline assessments in the ED. We focus here on the 666 such
participants who completed a 2-week survey (Mean [251- 75t percentiles]) 9.7 (7-11) days
after MVC and an 8-week survey 50.5 (46-52) days after MVC.

After providing written informed consent, each participant received an interviewer-
administered ED assessment with both self-report questions and biological sample
collections described elsewhere [10]. Subsequent 2-week and 8-week web surveys were
sent by text or e-mail for self-completion or were completed with telephone interviewer
assistance. Each participant was reimbursed $60 for the ED assessment, $40 for the
2-week survey, and $40 for the 8-week survey. These procedures were approved by each
participating institution’s institutional review board.

Socio-demographics: Information was recorded on each participant’s age (18-24, 25-34,
35-49, 50-75), sex, race-ethnicity (Non-Hispanic Black, Non-Hispanic White, Hispanic,
Other), marital status (married/cohabitating, previously married, never married), education
(less than high school graduate, high school graduate, some college, college graduate),
family income before taxes (divided into approximate tertiles of less than $19K, $19-35K,
more than $35K), and employment status (employed versus others).

MVC characteristics: Participant-reported MVC characteristics included: participant was
a driver versus passenger; collision with a moving vehicle versus stationary object; amount

Mol Psychiatry. Author manuscript; available in PMC 2021 October 13.
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of vehicle damage (participant-rated from “none” to “severe”); severity of injuries sustained
by people other than the participant (participant-rated using the same “none” to “severe”
scale); timing and method of transport to the ED; details about participant injuries (hit
head; traumatic brain injury [TBI] defined by self-report of hitting head with either loss

of consciousness, amnesia, or disorientation [17]; severity of injury based on Abbreviated
Injury Scale [AIS] [18]; admission versus discharge from ED), and participant self-ratings
in the ED on current overall pain and other symptoms compared to the prior 30 days.

Pain was assessed with a 0-10 visual response scale, where “0” was defined as “no pain

or tenderness” and “10” as “severe pain or tenderness” [19]. A difference score was then
constructed and standardized to a within-sample mean of 0 and variance of 1. Comparable
pairs of questions about severity of other somatic symptoms (Supplementary Table 1) were
obtained for the same time two periods by asking “how much of a problem” each symptom
was on a 0-10 visual response scale where “0” was defined as “no problem” and “10” as “a
major problem.” Symptoms included 12 adapted from the Pennebaker Inventory of Limbic
Languidness scale [20] and 8 adapted from the Rivermead Post-Concussion Symptoms
Questionnaire [21]. (Supplementary Table 1) As with pain, each individual-level difference
score was standardized to a mean of 0 and variance of 1, then summed into a single overall
scale. The decision to create a single scale was based on finding a unidimensional factor
structure (Supplementary Table 1) and high inter-correlations (Cronbach’s a.85) among
responses.

Peritraumatic distress and dissociation: Peritraumatic distress and dissociation were
assessed in the ED with a rationally-selected 8-item short-form of the 13-item Peritraumatic
Distress Inventory (PDI; [22]) and the 5-item revised Michigan Critical Events Perception
Scale (MCEPS; [23]). (Supplementary Table 2) We modified the introduction to both series
to ask about frequency of feelings and experiences “during and immediately after” the MVC
and used a 0-4 response scale of “none of the time”, *“a little”, “some”, “most”, and “all or
almost all the time”. Scores were summed to create 0-32 PDI and 0-20 MCEPS scales and
then standardized to a mean of 0 and variance of 1. Cronbach’s a of the PDI is .80 and of
the MCEPS is .77.

Acute stress disorder and post-traumatic stress disorder: The PTSD Checklist
for DSM-5 (PCL-5; [23]) was administered in the ED for PTSD in the 30 days before the
MVC. The same scale was administered in the 8-week survey to assess PTSD in the 30 days
before that survey. The PCL-5 is a 20-item self-report scale that uses a 0-4 response format
indicating how much the participant was “bothered by” each of the 20 DSM-5 Criteria B-E
symptoms of PTSD (“not at all”, “a little bit”, “moderately”, “quite a bit”, “extremely”) in
the past 30 days. We used both the continuous 0-80 symptom score (Cronbach’s a=.96) and
a dichotomous diagnostic classification for the 30 days before the MV C as predictors of
8-week PTSD diagnoses. Several different diagnostic classification rules have been proposed
for the PCL-5 [24, 25]. We used the 31+ threshold. A modification of the PCL-5 was also
used to assess DSM-5 Acute Stress Disorder (ASD) Criterion B symptoms since the MVC
in the 2-week survey. Questions were added to assess Criteria BS (negative mood) and
B6-B7 (dissociation), which are not criteria for PTSD and are not included in the standard
PCL-5. Scores for the 14 DSM-5 Criterion B ASD symptoms were summed to create a 0-56

Mol Psychiatry. Author manuscript; available in PMC 2021 October 13.
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symptom scale (Cronbach’s a=.95) and a dichotomous diagnostic classification was defined
as requiring 9+ responses of “moderate” or more.

Analysis methods

We began by examining predictive bivariate and multivariate associations of pre-MVC
PTSD with peritraumatic symptoms, 2-week ASD, and 8-week PTSD. Linear regression
models were used to predict peritraumatic symptoms and logistic models to predict 2-
week ASD diagnoses and 8-week PTSD diagnoses. Associations of socio-demographic
characteristics and MVC characteristics were then examined in predicting peritraumatic
symptoms, 2-week ASD, and 8-week PTSD both with and without controls for the
intermediate outcomes. The latter decompositions allowed us to examine how much gross
associations of predictors with 8-week PTSD were mediated by peritraumatic symptoms
and 2-week ASD. No attempt was made to weight the data to adjust for differences
between participants and patients who refused to participate in AURORA given lack of
information about non-participants. Logits and logits +2 standard errors were exponentiated
to create odds-ratios (ORs) with 95% confidence intervals (Cls). Statistical significance
was consistently evaluated using .05-level two-sided tests without corrections for multiple
comparisons. Computer code are available from the senior author on request.

RESULTS

Imputing item missing values

There was no missing information on participant age, sex, MVC characteristics, or pre-
MVC PTSD. Some missing data existed for head injury (for 8.6% of participants),

current pain severity (2 participants), and severity of other somatic symptoms (1-2 items
for 34 participants, all 20 items for 2 participants). We coded missing head injury

data as meaning no head injury given that none of these participants was evaluated for
post-concussion syndrome. Central tendency imputations were then used for the small
amount (1-5 participants per item) of missing data on peritraumatic symptoms (mean
imputation), education and income (median imputation), and race/ethnicity, marital status,
and employment status data (mode imputation). Larger numbers of missing values occurred
for 2-week ASD (n=43) and 8-week PTSD (n=32) , but diagnoses could be imputed for
most such cases because participants either were above diagnostic thresholds with answered
questions or could not score above these thresholds even if missing responses had highest
values. Median item-level imputations were used for the small number of remaining cases.

Sensitivity of PTSD prevalence estimates to PCL-5 scoring rules

Prevalence of 8-week DSM-5/PCL-5 PTSD is 39.0% compared to 31.2% prevalence of
pre-MVC PTSD. (Table 1) Prevalence estimates are 30.3-49.2% for 8-week PTSD and
19.4-30.8% for pre-MVC PTSD using other recommended PCL-5 diagnostic thresholds
between scores of 38+ and 28+. Tetrachoric correlations of diagnoses based on PCL-5
thresholds with diagnoses using DSM-5 criteria are .92-.95. We used the PCL-5=31+
threshold in our analysis (42.0% prevalence for 8-week PTSD; 26.3% for pre-MVC PTSD)
based on the recommendation of the developers of the PCL-5 [25].

Mol Psychiatry. Author manuscript; available in PMC 2021 October 13.
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Associations of Pre-MVC PTSD, peritraumatic symptoms, and 2-week ASD, with 8-week

PTSD

Preliminary analysis found that associations of pre-MVC PTSD with subsequent
peritraumatic symptoms, 2-week ASD diagnoses, and 8-week PTSD diagnoses were

all linear. (Supplementary Table 3). This univariate association is significant predicting
peritraumatic distress (b=0.3 [0.2-0.3]), peritraumatic dissociation (b=0.3 [0.3-0.4]), 2-week
ASD (OR=1.9 [1.6-2.2]), and 8-week PTSD diagnoses (OR=1.9 [1.6-2.2]). (Table 2)
Peritraumatic symptoms are significant univariate predictors of 2-week ASD diagnoses
(OR=2.1[1.7-2.5] for both distress and dissociation) and 8-week PTSD diagnoses (OR=2.0
[1.6-2.3] for peritraumatic distress; OR=1.7 [1.4-2.0] for peritraumatic dissociation). The
continuous 2-week ASD symptom scale, finally, which was found in preliminary analysis
to be the best functional form of that measure (Supplementary Table 3), is significant in a
univariate model predicting 8-week PTSD diagnoses (OR=4.7 [3.7-5.9]).

The significant univariate associations of pre-MVC PTSD and peritraumatic symptoms
with 2-week ASD diagnoses remain significant in a multivariate model that includes

all three predictors, although the ORs shrink from 1.9-2.1 in the univariate models to
1.5-1.6. In addition, two of the three significant univariate predictors remain significant in
a multivariate model predicting 8-week PTSD: pre-MVC PTSD (OR=1.7 [1.4-2.0]) and
peritraumatic distress (OR=1.7 [1.4-2.1]). These same two predictors remain significant
in an expanded model that adds 2-week ASD as a predictor of 8-week PTSD (OR=4.1
[3.2-5.3]), although the ORs for pre-MVC PTSD and peritraumatic distress shrink

to 1.4-1.4. We also investigated the possibility of nonlinearities and interactions of
peritraumatic symptoms predicting 2-week and 8-week diagnoses, but none was significant.
(Supplementary Tables 4-5)

Socio-demographic predictors of peritraumatic symptoms, 2-week ASD, and 8-week PTSD

Controlling pre-MVC PTSD symptom scores, two socio-demographic variables are
significant predictors of 8-week PTSD in univariate models: female sex (OR=1.7 [1.2-2.4])
and education (X23:9.l, p=.028), with a non-significantly elevated OR for less than high
school graduation (OR=1.6 [0.9-3.0]) and two non-significant ORs marginally lower than
1.0 (OR=0.7-0.8) for high school graduate and some college (compared to the omitted
category of college graduate). (Table 3) In a multivariate model with all socio-demographics
as predictors (X215:21.9, p=.101), the sex OR becomes slightly smaller (OR=1.6 [1.1-2.4])
and the OR for less than high school graduation somewhat higher (OR=1.7 [0.8-3.3]).

Decomposition of the sex difference in 8-week PTSD shows that females have significantly
elevated peritraumatic distress (b=0.4 [0.3-0.6]) and 2-week ASD (OR=1.4 [1.0-2.1]) in
multivariate models for these outcomes (F15 g49=2.8, p<.001 for distress; X215:17.3, p=.30
for ASD). Controlling these intermediate outcomes, the association of female sex with
8-week PTSD becomes non-significant (OR=1.2 [0.7-1.9]). A comparable decomposition of
the association between low education and 8-week PTSD shows a different pattern, as low
education is not a significant predictor of either peritraumatic symptoms or 2-week ASD and
the OR of low education with 8-week PTSD after controlling mediators is virtually identical

Mol Psychiatry. Author manuscript; available in PMC 2021 October 13.
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to the OR in the model without these controls. No other predictor is globally significant
predicting either peritraumatic distress, peritraumatic dissociation, or 2-week ASD.

MVC characteristics predicting peritraumatic symptoms, 2-week ASD, and 8-week PTSD

Controlling socio-demographics and pre-MVC PTSD symptom scores, four MVC
characteristics are significant univariate predictors of 8-week PTSD: being a passenger
versus driver (OR=1.6 [1.0-2.4]), number of other passengers injured (OR=1.3 [1.1-1.5]),
TBI (OR=1.5 [1.0-2.2]), and pain severity reported in the ED (OR=1.3 [1.1-1.6]). (Table
4) One of these predictors remains significant in a multivariate model (x2,7=29.3, p=.031):
pain severity in the ED (OR=1.3 [1.1-1.6]).

Decomposition of the association between pain and 8-week PTSD through the intervening
outcomes shows that pain is associated with significantly elevated peritraumatic distress
(b=0.1[0.0-0.2]) and 2-week ASD (OR=1.4 [1.1-1.7]) in multivariate models for these
outcomes (F17,632=7.5, p<.001 for peritraumatic distress; X217:46.3, p=.002 for ASD).
When we control these intermediate outcomes, the association of pain with 8-week PTSD
becomes non-significant (OR=1.1 [0.9-1.4]). In addition, several other MV C characteristics
are significant predictors of intervening outcomes. Severe damage to the participant’s
vehicle predicts elevated peritraumatic distress (b=0.6 [0.3-0.9]) and dissociation (b=0.3
[0.0-0.6]). Being transported to the ED by ambulance also predicts peritraumatic distress
(b=0.3 [0.1-0.5]) and dissociation (b=0.2 [0.1-0.4]). Coming to the ED immediately after
the MVC in a private vehicle predicts elevated peritraumatic dissociation (b=0.2 [0.0-0.5])
and 2-week ASD (OR=2.6 [1.4-4.7]). Physical symptom severity other than pain in the ED
predicts peritraumatic distress (b=0.1 [0.0-0.2]).

DISCUSSION

Our 8-week PTSD prevalence estimates, which are in the range 30.3-49.2% depending

on operational definition, are higher than estimates based on retrospective reports in
community surveys from representative samples of people who had MVCs [13], although
not substantially higher than in previous ED-based studies [26—28]. The discrepancy in
prevalence estimates between community samples and ED samples is probably related to the
fact that only a small minority of individuals who experience MVCs come to the ED [29,
30]. The 2 568 ED patients who refused to participate in AURORA might also have had
lower levels of 8-week PTSD than participants. The likelihood of bias is indicated by the
fact that the pre-MVC PTSD prevalence estimate of 31.2% in this sample is dramatically
higher than estimates of population prevalence [31]. We currently have no way of evaluating
this bias directly, though, as we have no information about PTSD either among people who
experienced an MVC but did not come to the ED or among qualifying ED patients who
refused to participate in AURORA. However, we are designing a methodological sub-study
to obtain such data by administering a brief survey both to people who experienced an MVC
but did not come to an ED and ED non-respondents.

The finding that peritraumatic distress and dissociation both predict ASD and 8-week
PTSD in univariate models is consistent with previous research showing that peritraumatic
symptoms predict onset of PTSD [14, 15]. It was striking, though, given the focus of
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recent research on peritraumatic dissociation [32], that only peritraumatic distress, not
peritraumatic dissociation, predicted 8-week PTSD in the multivariate model. The failure
of dissociation to predict PTSD net of distress might reflect the fact that dissociation is
reported primarily by people with high distress, which could reduce statistical power to
detect meaningful net associations of dissociation with later outcomes in a multivariate
model. Although this possibility is inconsistent with our failure to find a significant
interaction between peritraumatic distress and peritraumatic dissociation in predicting 8-
week PTSD, that test had low statistical power given the small current sample size. We will
revisit this issue once the sample size increases.

It was also somewhat surprising to find that symptoms of pre-MVC PTSD were significant
predictors of 8-week PTSD (OR=1.4) even after controlling peritraumatic symptoms and
2-week ASD. Although this is broadly consistent with evidence from other studies that prior
trauma and PTSD predict subsequent PTSD after later traumas [33], previous studies did not
investigate intervening effects through peritraumatic symptoms or ASD. It is unclear what
other pathways are involved in this distal effect. We hope to shed light on this question

in future AURORA analyses of mediating pathways once we have access to biomarker

time series data being assessed with wearable devices, a phone app, and brief weekly
neurocognitive tests administered on smartphones [10].

The gross associations of the socio-demographic and MV C-related predictors with 8-week
PTSD are consistent with previous research documenting elevated PTSD risk among
women, people from low socioeconomic positions, and people exposed to more severe
MVCs [12, 13]. However, decomposition showed that the gross associations of these
predictors with 8-week PTSD are mediated more by peritraumatic symptoms than by
2-week ASD and that substantial variation exists across predictors in the relative importance
of these mediating pathways. We plan to investigate the underpinnings of this variation in
mediation analyses once the AURORA biomarker time series data become available.

Several limitations of this initial report need to be acknowledged. The first was alluded to
above when we noted that response bias might have been introduced by the high proportion
of patients refusing to participate in the study. As described above, we are designing a

brief non-respondent survey to evaluate this bias. Second, the number of participants is

well below the number needed to estimate mediating pathways directly with precision,
leading us to focus on comparisons of association in univariate and multivariate models
rather than carry out a formal decomposition of total predictive effects. We will do the latter
once AURORA sample size increases. Third, our measures of peritraumatic symptoms were
truncated versions of longer scales. These might have been more important predictors if the
full scales had been used. Fourth, the decision to carry out short-term follow-up surveys at
2 and 8 weeks were relatively arbitrary and resulted in the surveys not being able to detect
instances when patients met DSM criteria for PTSD as of 1 month but remitted before the
8-week assessment. Many other prospective studies of PTSD among ED patients can do this
because they include a 1-month assessment [34] in order to address the DSM requirement
that symptoms persist more than 1 month to qualify for a diagnosis of PTSD. However,
AURORA administers short smart phone symptom surveys to all respondents each day for
8 weeks. This will allow us to capture PTSD symptoms in a more fine-grained fashion once
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these flash survey data become available for analysis. A final noteworthy limitation is that
we focused in this initial report only on 8-week PTSD. Meta-analysis shows that up to 25%
of PTSD cases among people followed for several years after trauma exposure do not meet
full PTSD criteria until more than 6 months later [35]. And fine-grained analyses of changes
in PTSD symptoms over a period of 24 months document a complex and fluctuating course
of illness for many cases [36]. We were unable to study either of these complexities in this
initial analysis of 8-week PTSD. We plan to do so, though, once data become available from
ongoing AURORA follow-up surveys carried out 6, 9 and 12 months after MVVC exposure.

CONCLUSIONS

This initial report sought to establish the prevalence of 8-week PTSD, to investigate
transitions between peritraumatic symptoms, ASD, and 8-week PTSD, and to examine the
extent to which gross associations of baseline socio-demographic and MVC characteristics
with 8-week PTSD were mediated by peritraumatic symptoms and ASD. We found
relatively high 8-week PTSD prevalence, expected univariate predictors of 8-week PTSD,
and evidence that these associations were largely mediated through peritraumatic symptoms
and to a lesser extent 2-week ASD, suggesting that the first two weeks after trauma
exposure might be of unique importance in intervening to prevent PTSD in the 8 weeks
after trauma exposure. This observation, coupled with our finding of considerable variation
across predictors in the relative strength of mediating pathways, raises the possibility of
diverse and potentially complex underlying biological and psychological processes that
remain to be elucidated in more in-depth analyses of the rich and evolving AURORA data.
Supplementary information is available at Molecular Psychiatry’s website.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PTSD prevalence estimates based on different PCL-5 scoring rules in the Freeze 1 AURORA MVC (n=666)

Scoringrule

PCL-5 28+
PCL-531+
PCL-5 32+
PCL-5 38+
DSM-5

Pre-M VC1 8—week2
0, 0,
% (B) swithpsv-s®  ® B guith Dsm-5°
308 (L8) 0.94 492 (L9) 0.95
263 (L7) 0.93 420 (L9) 0.93
254 (L7) 0.94 399 (L9) 0.93
194 (L5) 0.93 303 (18) 0.92
312 (L8) 390 (L9)

Abbreviations. PTSD, post-traumatic stress disorder; PCL-5, PTSD Checklist for DSM-5; MVC, motor vehicle collision; SE, standard error.

1 . . .
PTSD in the 30 days prior to the MVS as assessed in the ED.

ZPTSD in the 30 days before the 8-week survey as assessed in the 8-week survey.

3 . . . . . .
Tetrachoric correlation between diagnoses based on the scoring rule in the row and the DSM-5 scoring rule.
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