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Abstract

Objectives—To determine the influence of epidemiologic factors and the influence of genetic
variants affecting FKBPS5, a protein known to modulate hypothalamic-pituitary-adrenocortical
(HPA) axis function, on the severity of somatic symptoms commonly termed “post-concussive”
six and twelve months after motor-vehicle collision (MVC).

Methods—European Americans 18-65 years of age who presented to one of eight emergency
departments (ED) after MVVC were enrolled. Exclusion criteria included hospital admission. Blood
samples were collected in the ED for genotyping. Participants completed evaluations including an
adapted Rivermead Post-Concussive Symptoms Questionnaire in the ED and at six weeks, six
months, and one year. Repeated measures analysis of covariance were used to evaluate the
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association between epidemiologic factors (sociodemographic, pre-MVC health, collision
characteristics, head injury, peritraumatic pain and stress), FKBP5 genetic variants, and post-
concussive symptom severity.

Results—Among 943 patients recruited in the ED, follow-up was completed on 835 (88%) at six
months and 857 (90%) at one year. Self-reported head impact during collision was not associated
with chronic post-concussive symptom severity. After correction for multiple testing, three
FKBP5 single nucleotide polymorphisms (rs3800373, rs7753746, and rs9380526) predicted
chronic post-concussive symptom severity, with the average symptom severity of 1.10 (95% CI
0.96-1.24), 1.36 (1.21-1.51), and 1.55 (1.23-1.88) for one, two or three copies of minor allele at
rs3800373 (p=0.001). Similar effect sizes were observed for the minor alleles of rs7753746 and
rs9380526.

Conclusions—Post-concussive symptoms after minor MVC are not generally related to the
severity of mild brain injury. This study shows that neurobiologic stress systems may play a role
in pathogenesis of post-concussive symptoms.

Keywords
post-concussive symptoms; minor traumatic brain injury; FKBP5; stress response

Introduction

Post-concussive (PC) symptoms are common after traumatic and stressful events such as a
non-life threatening motor vehicle collision (MVC) (1). PC symptoms may persist for
months or years after trauma exposure, and include symptoms such as headache, dizziness,
fatigue, insomnia, and problems with concentration or memory (2-5). Costs due to PC
symptoms have been estimated at over 17 billion dollars annually in the United States alone

(6).

PC symptoms after non-life threatening motor vehicle collision (MVC) have traditionally
been attributed to minor traumatic brain injury (MTBI) (2-4), however available evidence
does not support an association between minor head injury and PC symptoms (5, 7-11). The
absence of empiric support for the hypothesis that MTBI causes PC symptoms, and of
studies examining other potential etiologic mechanisms, has resulted in a contemporary void
in understanding the pathogenesis of PC symptoms. This lack of understanding is a barrier
to the development of more effective secondary preventive interventions and treatments.

In addition to potentially causing tissue injury, stressful events such as MVC activate
neurobiological stress systems which have been shown to be powerful modulators of
neurosensory processing (12). If stress system activation contributes to PC symptom
development after MVC, then genetic variants which influence the function of important
stress systems would be expected to be associated with PC symptom vulnerability. The
identification of such genetic associations would provide important evidence that stress
systems contribute to PC symptom development, and could also suggest the involvement of
specific physiologic systems. However, to date very few genetic association studies have
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been performed, and none have evaluated physiologic systems of central importance to the
stress response such as the hypothalamic-pituitary-adrenocortical (HPA) axis.

This study had two goals. First, we sought to replicate findings from other studies that head
injury is not associated with PC symptom severity after non-life threatening MVC in a large
cohort with excellent follow-up. Second, we performed a novel genetic association analysis
evaluating the association between genetic variants increasing the expression of the gene
coding for glucocorticoid receptor co-chaperone FK506 binding protein 51 (FKBP5) and PC
symptom burden six months and one year after MVC. Increased FKBP5 expression reduces
glucocorticoid receptor sensitivity (13), resulting in decreased negative feedback inhibition
of the HPA axis and elevated glucocorticoid levels (13, 14). Elevated glucocorticoid levels
have been shown to cause neuronal sensitization and stress-induced hyperalgesia (15), and
we hypothesized that glucocorticoid-mediated neuronal sensitization also contributes to the
development of persistent PC symptoms.

2. Methods

2.1. Study Design and Setting

Details regarding the methodology of this multicenter emergency department (ED)-based
prospective observational cohort study have been described elsewhere (16). Recruitment
took place between February 2009 and October 2011 at eight EDs in four no-fault insurance
states in the U.S (Massachusetts, Florida, Michigan, and New York). Institutional Review
Board approval for the study was obtained at each study site, and each participant provided
written informed consent.

2.2. Selection of Participants

Adults aged 18-65 years who were evaluated in the ED after MVC and were alert, oriented,
and clinically stable were eligible for study enrollment. Exclusion criteria included evidence
of intracranial or spinal injury, fractures other than phalanges, use of f-adrenoceptor
antagonists, and/or use of >20mg of morphine or equivalent daily. Pregnant women,
prisoners, and non-English speaking patients were also excluded. Patients reporting a loss of
consciousness >30 minutes and/or amnesia >24 hours were excluded in order to remove
subjects with potential traumatic brain injury (2). Enrollment was limited to individuals of
European American ethnicity to reduce the risk of population stratification bias in genetic
analyses (17). Participant ethnicity was obtained via self-report; previous studies have
shown that race obtained via self-report and genetic assessment are highly correlated (18).

2.3. Data Collection and Measurements

2.3.1 ED Interview—~Patients were screened and recruited by research assistants at each
ED site. Research assistants’ training involved the completion of a study module followed
by an interview with a standardized mock ED patient (error rate of 1.3% across research
assistants). After written informed consent was obtained, study participants completed a
web-based survey in the ED followed by telephone or web-based follow-up questionnaires
six weeks, six months, and one year after MVC. Study participants were compensated $80,
$50, $60, and $70 for completing each of these assessments, respectively.

Psychosom Med. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Auvergne et al.

Page 4

2.3.2 Participant Demographics—Demographic information was extracted from the
medical record or obtained via ED interview.

2.3.3 Pre-MVC Health Status—Participants’ health status during the month prior to the
collision was assessed in the ED via several questionnaires; the Short-Form Health Survey
(SF-12) Mental and Physical Component Summary (19), the Center for Epidemiological
Studies Depression (CESD) Scale (20) (score =16 corresponds to moderate depression (20),
score =27 corresponds to severe depression (21)), the State Trait Personality Inventory
(STPI-Y) Anxiety and Anger subscales (22, 23).

2.3.4 Collision Characteristics—MVC characteristics were collected using a
questionnaire developed with biomechanics experts at the University of Michigan
Transportation Research Institute. This questionnaire assesses direction of vehicle impact,
head impact occurrence, airbag deployment, and extent of vehicle damage. Self-report
responses on this questionnaire have been shown to be strongly correlated with police report
data (24).

2.3.5 Symptoms Immediately After the Collision—Current overall pain severity in
the ED was assessed via a 0—10 numeric rating scale (NRS) and subsequently grouped into
categories of no pain (0), mild pain (0.5-3.5), moderate pain (4-6.5), and severe pain (7-10)
using well-established cut-offs (25). The Peritraumatic Distress Inventory (PDI) (26) (score
>23 corresponds to clinically significant distress (27)), and the Michigan Critical Events
Perception Scale (MCEPS) (28) (score =15 corresponds to clinically significant dissociation
(28)) were also assessed in the ED.

2.3.6 DNA Collection and Processing—DNA collection and FKBP5 genotyping
methods for this cohort have been described (29). In brief, blood (8.5 cc) was collected in
the ED using PAXgene DNA storage tubes (QIAGEN), then refrigerated and shipped in
batches every two weeks to Beckman Coulter Genomics, Inc. (Morrisville, NC) for DNA
extraction (PAXgene blood DNA kit, Qiagen, Valencia, CA) and genotyping (Sequenom,
Inc., San Diego, CA). Two Hapmap samples and two repeat samples were included in each
genotyping batch (96 samples) to ensure genotypic accuracy and reliability. Repeated
genotyping demonstrated greater than 98% call agreement. Genotype data that did not show
call agreement were set to missing and were subsequently excluded from the analyses.
Thirty-three FKBP5 single nucleotide polymorphisms (SNPs) were genotyped in this cohort
and selected to cover haplotype diversity at the FKBP5 gene locus. Six SNPs were excluded
due to minor allele frequency <0.05. Fourteen tagging SNPs were then selected by using the
Tagger procedure (Haploview software) and threshold r?=0.8 to avoid redundant analyses of
highly associated SNPs. Among these selected SNPs, six FKBP5 SNPs were found by our
research group to be associated with post-MVC pain outcomes (29). These six SNPs
(rs3800373, rs7753746, rs2817040, rs9380526, rs9394314, and rs2817032) were selected
for analysis in the present study.
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2.4 Outcomes

The PC syndrome is a constellation of somatic symptoms that occur after a traumatic event
which traditionally involves initial head trauma. A lack of consensus exists regarding the
definition of PC syndrome and the specific symptoms that constitute the syndrome (e.g.,
DSM-IV criteria (30) versus ICD-10 criteria (31)). The WHO (ICD-10) defines
‘postconcussional syndrome’ by a history of head trauma with loss of consciousness
preceding the onset of symptoms by up to 4 weeks together with the presence of 3 or more
of the following: (a) unpleasant sensations such as headache, dizziness, fatigue, noise
intolerance, or malaise, (b) emotional changes such as irritability, depression, or anxiety, (c)
difficulty concentrating, memory impairment, (d) insomnia, (e) reduced tolerance to alcohol,
and (f) preoccupation with the above symptoms (31). In contrast, the DSM-1V research
definition of “postconcussional disorder’ is (a) a significant cerebral concussion (which may
involve unconsciousness, post traumatic amnesia, or seizures), (b) evidence of concentration
difficulty or memory deficit, (c) at least 3 of the following symptoms for at least 3 months
following the injury: fatigue, sleep disturbance, headache, dizziness, irritability, anxiety or
depression, personality change, or apathy, (d) the symptoms must start after the head trauma
or represent a substantial worsening of preexisting symptoms, (e) the symptoms cause
significant functional or social impairment, and (f) the symptoms are not due to another
disorder (30). Due to this lack of consensus regarding the definition of PC syndrome, we
assessed PC symptom burden rather than PC syndrome presence or absence.

PC symptoms were assessed using twelve symptoms from the Rivermead Post-Concussion
Symptoms Questionnaire (32): headache, dizziness, nausea, noise sensitivity, fatigue,
insomnia, poor concentration, taking longer to think, blurred vision, light sensitivity, double
vision, and restlessness. Participants were asked to report the severity of each symptom on a
0-10 scale, where 0 represented no problem and 10 represented a major problem. Current
PC symptom severity and PC symptoms during the month prior to the MVC were assessed
in the ED; PC symptoms during the past month were assessed via telephone or web-based
questionnaire six weeks, six months, and one year after MVC.

Average PC symptom severity was calculated as the average of the twelve somatic symptom
scales assessed. This outcome was chosen because of the lack of consistent PC syndrome
definition or scale in the literature (2—4). Six month and one year timepoints were set pre-
hoc as primary outcome timepoints for chronic PC symptoms based on evidence that most
acute PC symptoms resolve within three months of injury (3). Posttrauamatic stress disorder
symptoms (PTSD, Impact of Events Scale Revised (IESR) (33)) and depressive symptoms
(CESD) (20) were also assessed at six months and one year.

2.5 Statistical Analysis

2.5.1 Participant Characteristics—The association between participant/collision-
related characteristics and average PC symptom severity was evaluated using repeated
measures analysis of covariance (ANCOVA) at the six month and one year timepoints post-
MVC. All analytic models (epidemiologic and genetic) were adjusted for pre-MVC
symptom severity because of our focus on symptoms due to MVC, and for study site as a
major study design factor contributing to patient heterogeneity in our sample. Adjustment
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for study site in genetic models was also necessary to correct for potential genetic
stratification between the study sites. Analyses of participant demographic characteristics
were additionally adjusted for sex. Finally, analyses of pre-MVC and post-accident
psychological characteristics were additionally adjusted for sex, education, and body mass
index, as these are potential confounders of these associations.

2.5.2 Genetic Characteristics—FKBP5 SNPs were assessed for Hardy-Weinberg
equilibrium (HWE) (chi-square test). Levontin D’ and squared correlation r2 using
HaploView (34) were calculated to assess the linkage disequilibrium between SNPs.

Associations between FKBP5 polymorphisms and average PC symptom severity six months
and one year post-MVC were evaluated using repeated measures ANCOVA, adjusted for
study site and for pre-MVC PC symptoms. An additive genetic model (genotype coded as
the number of minor alleles, i.e. 0, 1, or 2) was used to assess for genotype effects. In order
to adjust for multiple testing, the method of spectral decomposition was used to estimate the
effective number of tests among correlated genotypes (35, 36). Applying this approach to
FKBP5 SNPs identified the effective number of independent tests as three, with a corrected
alpha of 0.0167 (=0.05/3).

3.1 Characteristics of Study Subjects

A total of 10,629 patients were screened in the ED, 1416 were eligible, and 948 were
enrolled. Five patients (0.5%) whose loss of consciousness lasted longer than 30 minutes
were excluded from analyses. No patient had amnesia lasting more than 24 hours. Follow up
data were obtained from 855 (90%) participants at 6 weeks post-MVC, from 835 (88%)
participants at 6 months post-MVC, and from 857 (90%) participants at 1 year post-MVC.
(Supplemental Digital Content 1, Figure S1, depicting a flow diagram of participant
enrollment and exclusion criteria.) Participant baseline characteristics are presented in Table
1.

3.2 PC Symptoms Over Time After MVC

Mean PC symptom scores over time in the cohort are shown in Figure 1. PC symptoms were
highest in the hours after MVC, improved at six weeks, and generally stabilized after six
months. Compared with reported pre-MVC symptoms, all individual PC symptoms
remained significantly elevated at each post-MVC timepoint (non-parametric Wilcoxon
signed rank test p<0.001 for each timepoint compared to pre-MVC). Pre-MVC symptoms
which showed the greatest increase in severity six months post-MVC were headache, taking
longer to think, and fatigue (Figure 1 and Supplemental Digital Content 1, Table S1,
describing the progression of average PC symptom severity over time).

3.3 Associations Between Sociodemographic Characteristics and Chronic Post-MVC PC

Symptoms

Associations between baseline sociodemographic and pre-MVC health characteristics and
average PC symptom severity at six months and one year follow-up are shown in Table 2.
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Female sex, higher body mass index, and lower education predicted chronic PC symptoms.
Worse reported pre-MVC physical health and greater reported pre-MVC depressive, anger,
and anxiety symptoms also predicted increased chronic PC symptom severity.

3.4 Associations Between Collision Characteristics, Head Injury, and Chronic Post-MVC
PC Symptoms

Associations between collision characteristics and average PC symptom severity six months
and one year after MVC are shown in Table 2. Extent of vehicle damage, type of collision,
and airbag deployment did not predict chronic PC symptom burden. Head impact during
collision also did not predict chronic PC symptoms.

3.5 Associations Between Peritraumatic Pain and Psychological Symptoms and Chronic
Post-MVC PC Symptoms

In contrast to collision characteristics and head injury, psychological and pain symptoms
during the peritraumatic period were strong predictors of chronic PC symptoms severity
(Table 2). Individuals with substantial peritraumatic dissociation and distress had
significantly higher PC symptoms six months and one year after MVC. Similarly, higher
pain symptoms in the peritraumatic period predicted greater chronic PC symptom burden.

3.6 Association Between Genotypic FKBP5 Variants and Chronic Post-MVC PC Symptoms

All genotyped FKBP5 SNPs were in HWE (p>0.05) and had excellent call rates (=99%).
They were all in high linkage disequilibrium with average pairwise D’=0.88 (Supplemental
Digital Content 1, Figure S2). Three of the six assessed SNPs (rs3800373, rs7753746, and
rs9380526) predicted chronic post-MVC PC symptom severity (Table 3). The presence of
one copy of the risk allele increased mean symptom severity by approximately 0.5 points on
a 0-10 point scale, after adjusting for ED site, symptoms existing prior to MVC, and
multiple testing.

5. Discussion

In this large prospective cohort study of adult European Americans followed for one year
after presenting to the ED for care after MVC, somatic symptoms were common. All of the
somatic symptoms evaluated showed marked increases in intensity in the immediate
aftermath of MVC, with increased symptoms persisting in the study cohort at six weeks, six
months, and one year. Together with data from previous studies (3, 5, 9, 10, 37), the results
of the present study, which is one of the largest to date and had excellent follow-up rates,
provide strong evidence that chronic increased somatic symptoms such as headache,
dizziness, fatigue, insomnia, and cognitive difficulties are indeed a common sequelae among
individuals who are seen in the ED after MVC and discharged to home after evaluation.

In contrast to this robust evidence that chronic somatic symptoms are a common sequelae of
MVC, results from both previous studies (5, 7-11) and the present study do not support the
hypothesis that these somatic symptoms result from minor traumatic brain injury. These
findings confirm that biomechanical factors related to body movement during the collision
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in general, and head movement/injury in particular, are not prominent causes of somatic
symptoms after MV C in this population.

If chronic somatic symptoms after MV C are a real phenomenon, but are not the result of
head concussion/brain trauma, then how might they arise? Epidemiologic evidence from the
current study supports the hypothesis that the activation of neurobiologic stress response
systems is involved in the development of somatic symptoms in this population. Reported
pre-MVC psychological symptoms and peritraumatic psychological and pain symptoms
predicted chronic somatic symptom development in the present study. Psychological
symptoms prior to trauma (9, 37-39) and in the immediate aftermath of trauma (37, 39) have
also been found to predict persistent post-traumatic somatic symptoms in previous studies.
These symptoms are known to be modulated by neurobiologic stress systems (40-43). The
activation of such systems has been shown to affect memory, e.g. (44), psychological
responses, e.g. (41, 45), and pain processing, e.g. (46—48), in a time-dependent and
sometimes sex-dependent, e.g. (49, 50) manner. These findings support the hypothesis that
the activation of neurobiologic stress systems is involved in the development of chronic
somatic symptoms in this population.

In order to further evaluate this hypothesis, we analyzed the association between genetic
variants known to affect the function of a physiologic system of central importance to the
stress response, the HPA axis, and post-traumatic somatic symptoms. Three genetic variants
in FKBP5 (SNP rs3800373, rs7753746, rs9380526), a gene that codes for a co-chaperone of
the glucocorticoid receptor which modulates glucocorticoid receptor sensitivity (13) and
influences HPA axis negative feedback inhibition (13), were found to predict PC symptom
severity six months and one year after MVC. The minor alleles of these three FKBP5
polymorphisms tag risk haplotypes have an overall inhibitory effect on glucocorticoid
receptor sensitivity by promoting a receptor complex with a lower affinity for cortisol (14)
and by having increased induction by glucocorticoids and other stress hormones (51).
Because glucocorticoid receptor sensitivity is essential for HPA axis negative feedback
inhibition, carriers of these FKBP5 risk alleles associated with increased PC symptoms in
the present study would be expected to experience more persistent elevation of
glucocorticoids in response to MVC (29).

To our knowledge this is the first study to identify an association between FKBP5, or any
stress system-related gene, and PC symptom outcome. Variants in FKBP5 have been shown
to increase vulnerability to persistent pain (29) and mental disorders such as depression (51,
52) and anxiety (53) after trauma. The association between FKBP5 risk variants and PC
symptoms adds support to the theory that stress systems play a role in the pathogenesis of
PC symptoms after a non-life threatening MV C. Of note, study participants with the
rs3800373 risk allele also had increased PTSD and depressive symptoms six months and one
year post-MVC (data not shown). In addition, our data results persisted when headache
score was removed from our PC symptom summary score (p=0.0167), indicating that pain
was not the major driver of the association between FKBP5 and PC symptom outcomes.

FKBPS5 polymorphisms rs1360780 (in high linkage disequilibrium with the SNPs in our
study) and rs3800373 have previously been shown to interact with early life stressors and
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predict adult psychological disorders such as PTSD (54, 55). Both PTSD and the post-
concussive symptoms occur commonly after MVC (1, 56). Overlapping PTSD and PC
symptoms include insomnia, difficulty concentrating, and irritability, however their
diagnostic criteria differ significantly. Several studies have demonstrated an association
between PTSD and PC symptoms in the months or years after trauma (57-59), indicating
potential shared vulnerability. At present the shared and distinct biologic mechanisms
mediating the symptom clusters denoting these two conditions remain poorly understood
(60).

Several limitations should be considered when interpreting our study results. First and
foremost, our study focused on chronic post-traumatic somatic symptom development
among individuals presenting to the ED after MVC and discharged to home after evaluation
(this population accounts for approximately 90% of all individuals who present to the ED
after MVC (61)). The generalizability of our findings to other populations, such as
individuals with sport-related head injury or more severe head injury, is unknown. Second,
we used head impact as a marker of concussion/mild brain injury. It is possible that other
mechanisms, such as rotational movements of the head, could have caused brain injury in
the absence of head impact. However, collision characteristics associated with the severity
and direction of collision were also not associated with chronic somatic symptom
development. In addition, collisions that occur in other non-threatening settings (e.g. in
bumper cars) exert the same biomechanical stress as a low speed MVC (62), yet prolonged
symptoms after bumper car collisions are rare (63). Third, we did not directly assess the
relationship between physiologic measures of stress (e.g., cortisol level) and PC symptoms.
Although there is no single validated psychological index of stress, we did evaluate
psychological measures of stress including distress and dissociation symptoms in the ED
and PTSD and depressive symptoms six and twelve months after MV C, and these
psychological measures of stress were associated with worse PC symptoms over time. In
addition, we could only assess pre-MVC health and function after the MVC, and the amount
of bias introduced by retrospective recall in this setting is unknown. Also, our study
excluded MV C patients with significant brain injury (e.g., those hospitalized due to
traumatic brain injury), therefore how PC symptoms in this group compare to those of study
participants is unknown. In addition, since we did not assess ancestry using genetic markers,
there is a possibility for residual population stratification. However, as noted above, self-
report has shown to be a reliable method of assessing ancestry (18), and all assessed
polymorphisms were in HWE in our study, suggesting at most negligible population
stratification. Finally, given that our study was limited to European Americans age 18-65
years old, generalizability to children, elderly patients, and other races and ethnicities is
unknown.

In summary, our findings indicate that PC symptoms are common after non-life threatening
MVC but are very unlikely to be related to mild brain trauma. Instead, both epidemiologic
and genetic association data support the hypothesis that neurobiologic stress systems are
involved in chronic somatic symptom development after MVC. The term “post-concussive”
should be avoided when referring to post-MVC somatic symptoms in this population, since
this delineation perpetuates a hypothesis refuted by the evidence. Further studies
investigating neurobiologic mechanisms contributing to chronic somatic symptoms after
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MVC are warranted. Only by correctly identifying pathophysiologic mechanisms mediating
post-MVC somatic symptom outcomes can we develop interventions to prevent these
common and morbid outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PC post-concussive

MVC motor vehicle collision

MTBI minor traumatic brain injury

HPA hypothalamic-pituitary-adrenocortical

FKBP5 FK506 binding protein 51
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CESD Center for Epidemiological Studies Depression
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Figure 1. Progression of Average PC Symptom Severity over Time

1 year post-MVC

Progression of twelve PC symptoms depicted over time (pre-MVC, shortly after MVC, at
six weeks, six months, and one year post-MVC). Dashed line represents the absence of data
at the ED timepoint for insomnia. ED=emergency department, MVVC=motor vehicle
collision, PC=post-concussive
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Table 1

Baseline Participant Characteristics in Emergency Department

Frequency in Emergency
Department (n=943)
n (%)

Age (years)

Sex

Body Mass Index

Education

Annual Income?

Collision Type

Body Contact®

Emergency Department

Mean 35.6 (SD 13.3)

Range 18-65

Female

Male

Underweight or normal
Overweight

Obese

High school or less

Some college or trade school
College graduate or more

< $19,999

$20,000 — 39,999
$40,000 - 79,999

> $80,000

Rear end

Front end (not rear)
Other or no damage

Hit head during collision

Did not hit head during collision
No pain

Mild pain

Moderate pain

Severe pain

574 (60.9)
369 (39.1)
350 (38.3)
287 (31.4)
277(30.3)
224 (23.8)
366 (38.9)
351 (37.3)
117 (13.9)

176 (21.0)
274 (21.6)
273 (32.5)
339 (35.9)
369 (39.9)
217 (23.5)
368 (42.5)

497 (57.5)
38 (4.1)

149 (16.0)
405 (43.4)
342 (36.6)

a . .
Greater than 5% of data missing; SD=Standard deviation
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Associations Between Participant Sociodemographic, Pre-MVC, Collision-Related, and Post-MVC

Table 2

Characteristics and Average PC Symptom Severity at Six and Twelve Months After MVC

Frequency at 6 months
(n=835)

Average PC Symptom Severity@

Mean (95% CI) P value

BASELINE DEMOGRAPHIC CHARACTERISTICS

Age 18-27 years 294 1.14 (0.97-1.30) 0.20
28-41 years 249 1.27 (1.09-1.45)
42-65 years 292 1.34 (1.18-1.50)

Sex Female 520 1.37 (1.24-1.49) 0.002
Male 315 1.05 (0.89-1.21)

Body Mass Index Underweight or normal 304 1.27 (1.06-1.48) <0.001P
Overweight 253 1.31 (1.10-1.53)
Obese 250 1.73 (1.53-1.93)

Education High school or less 184 1.68 (1.45-1.91) 0.0030
Some college or trade school 322 1.46 (1.27-1.66)
College graduate or more 328 1.24 (1.02-1.46)

Annual Incomed <$19,999 95 151(121-1.82)  (063P
$20,000 - 39,999 150 1.42 (1.16-1.68)
$40,000 - 79,999 252 1.52 (1.30-1.74)
> $80,000 251 1.20 (0.97-1.42)

PRE-MVC HEALTH CHARACTERISTICS

Mental Health Tertiles® ~ Lower 210 1.40 (1.22-1.57) 0.031¢
Middle 273 1.08 (0.91-1.25)
Higher 287 1.18 (1.01-1.35)

Physical Health Tertilest ~ Lower 285 1.32(1.15-1.49) 0.087¢
Middle 274 1.25(1.09-1.42)
Higher 271 1.07 (0.89-1.24)

Depressiond None 667 1.12 (1.00-1.24) 0.002€
Moderate 106 151 (1.26-1.77)
Severe 60 1.67 (1.29-2.05)

Anger Trait Tertilesh Lower 335 1.12 (0.96-1.28) 0.001€
Middle 252 1.07 (0.89-1.24)
Higher 222 1.51 (1.32-1.70)

Anxiety Trait Tertiles! Lower 332 1.09 (0.93-1.24) 0.002¢
Middle 224 1.11 (0.92-1.29)
Higher 263 1.47 (1.30-1.65)

COLLISON CHARACTERISTICS

Vehicle Damage Minor 118 1.32 (1.07-1.57) 0.30
Moderate 252 1.31 (1.14-1.49)
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Frequency at 6 months
(n=835)

Average PC Symptom Severity@

Mean (95% CI) P value

Severe (not drivable) 438 1.16 (1.03-1.30)

Collision Type Rear end 300 1.33(1.16-1.49) 0.27
Front end (not rear) 328 1.15 (0.99-1.30)
Other or no damage 191 1.27 (1.07-1.47)

Airbag Deployed Yes 572 1.21 (1.02-1.39) 0.51
No 229 1.28 (1.16-1.41)

Head Injuryd Hit head during collision 322 1.25 (1.09-1.40) 0.89
Did not hit head during collision 447 1.26 (1.12-1.40)

POST-ACCIDENT CHARACTERISTICSIN ED

Dissociation) Yes 290 1.46 (1.29-1.62) <0.001€
No 539 1.09 (0.97-1.22)

Distressk Yes 309 1.49 (1.31-1.63) <0.001€
No 515 1.06 (0.94-1.19)

ep! No pain 33 0.97 (0.52-1.42) <0.001C
Mild pain 133 0.85 (0.61-1.09)
Moderate pain 358 1.04 (0.90-1.19)
Severe pain 302 1.61 (1.44-1.77)

aRepeated measures analysis of covariance (ANCOVA) model using six months and one year outcomes adjusted for symptoms prior to MVC, ED
site, and other covariates when indicated by subsequent footnotes

bAdjusted for sex
CAdjusted for sex, body mass index, and education
dGreater than 5% of data missing

eShort-Form Health Survey (SF-12) Mental Component Score, 0-100 normalized scale, divided into tertiles: lower (<48), middle (48-57), higher
(>57); lower scores represent poorer mental health,

fShort—Form Health Survey (SF-12) Physical Component Score, 0-100 normalized scale, divided into tertiles: lower (<52), middle (52-57), higher
(>57); lower scores represent poorer physical health,

gCenter for Epidemiological Studies Depression (CES-D) Scale, range 0-60, with cutoffs 16-26 for moderate depression and = 27 for severe
depression.

hState Trait Personality Inventory (STPI-Y) Anger subscale, range 10-40, divided into tertiles: lower (<15), middle (14-17), higher (>18); higher
scores indicate more frequent symptoms

'State Trait Personality Inventory (STPI-Y) Anxiety subscale, range 10-40, divided into tertiles: lower (<14), middle (14-17), higher (>17); higher
scores indicate more frequent symptoms

JMichigan Critical Events Perception Scale (MCEPS), range 5-25 with cutoff =15 for clinically significant dissociation
kPeritraumatic distress inventory (PDI), range 0-52 with cutoff = 23 for clinically significant distress

I0—10 numeric rating scale, categorized by no pain (0), mild pain (0.5-3.5), moderate pain (4-6.5), and severe pain (7-10)

Cl=confidence interval, ED=emergency department; MVC=motor vehicle accident; PC=post-concussive
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Associations Between FKBP5 Genetic Variants and PC Symptom Severity Six and Twelve Months After

MVC
FKBP5SNP  Genotype n Average PC symptom P value?
severity, 0-10 scale (95% CI)

TIT 447 1.10 (0.96-1.24)

rs3800373 T/IG 413 1.36 (1.21-1.51) 0.001b
GIG 80 1.55 (1.23-1.88)
AIA 611 1.17 (1.05-1.29)

rs7753746 AIG 297 1.37 (1.19-1.54) 0.006b
GIG 29 1.84 (1.30-2.39)
TIT 402 1.12 (0.97-1.27)

rs9380526 T/C 437 1.31 (1.16-1.45) 0.007b
c/C 100 1.53(1.24-1.83)
GIG 512 1.20 (1.07-1.33)

rs2817040 GIA 366 1.31 (1.15-1.46) 0.32
AIA 62 1.31 (0.92-1.69)
AIA 447 1.16 (1.02-1.30)

rs9394314 AIG 414 1.32 (1.18-1.47) 0.10
GIG 80 1.36 (1.03-1.69)
TIT 471 1.17 (1.03-1.31)

rs2817032 T/IC 395 1.33(1.18-1.48) 0.13
C/C 75 1.33(0.98-1.67)

a . . . . L .
Repeated measures analysis of covariance (ANCOVA) model (additive genetic model) using six months and one year outcomes adjusted for ED
site and symptoms prior to MVC

bSignificant after correction for multiple testing (the effective number of tests was estimated using the method of spectral decomposition); three
effective tests estimated for FKBP5, alpha = 0.05/3 = 0.0167

Cl=confidence interval; SNP=single nucleotide polymorphism; MVC=motor vehicle collision; PC=post-concussive
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