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Abstract

A Prospective Investigation of the Associations Between Mild Traumatic Brain Injury,
Gonadal Steroid Hormones, and Posttraumatic Stress Disorder
By Preethi Reddi

Posttraumatic stress disorder (PTSD) is a debilitating condition that may develop after
experiencing a traumatic event. Mild traumatic brain injury (mTBI) has previously shown
to be a risk factor for PTSD. In order to develop better prognostic tools and treatment
methods for PTSD, it is important to understand the mechanisms behind the relationship
between PTSD and mTBI. Sex differences are prevalent in both PTSD and mTBI, with
women more likely to experience worse outcomes from PTSD and mTBI while men are
more likely to acquire PTSD and mTBI. Gonadal steroid hormones, such as estradiol,
testosterone, and progesterone, may play a role in this relationship. This study aims to (i)
further understand the relationship between PTSD and mTBI, (ii) examine the relationship
between PTSD symptom clusters and mTBI, and (ii) explore the role of estradiol,
testosterone, and progesterone in the relationship between PTSD and mTBI. This study
includes 504 participants who presented to the Emergency Department (ED) of Grady
Memorial Hospital following a traumatic event. PTSD diagnosis and symptoms were
assessed at 1, 3, 6, and 12 months following trauma. Chi-square and Mann Whitney U tests
were used to examine the relationship between PTSD and mTBI. Linear regression models
were used to understand the use of mTBI, hormones, the interaction between mTBI and
hormones, and gender in predicting PTSD symptoms. This study found that those with
mTBI showed increased PTSD symptom reporting compared to those without mTBI at 3, 6,
and 12 months. Those with mTBI reported increased avoidance symptoms at 3 and 6
months compared to those without mTBI. At 3, 6, and 12 months, those with mTBI
reported increased intrusive symptoms compared to those without mTBI. At 3 months,
those with mTBI reported increased hyperarousal symptoms compared to those without
mTBI. Women reported higher PTSD scores compared to men at all time points. At 6
months, there was a negative association between testosterone levels and PSS scores for
those with mTBI and those without mTBI. Our findings have potential to create more
efficient prognostic and treatment tools for PTSD.
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Introduction

Posttraumatic Stress Disorder (PTSD) is a debilitating condition that may develop
after experiencing war, natural disaster, or any other traumatic event. PTSD symptoms
include re-experiencing of the traumatic event, avoidance of threat-related stimuli,
negative alterations in cognitions and mood, and alterations in arousal and reactivity.! This
disorder is characterized by a heightened response to threatening stimuli and insufficient
control over heightened sensitivity to threatening stimuli.2 In adults, 60% of men and 50%
of women experience at least one trauma in their lives. However, only about 7-8% of the
population will acquire PTSD at some point in their lives3, demonstrating the importance of
investigating PTSD risk and resilience following trauma exposure. In order to better
understand and treat PTSD, it is important to identify and analyze factors associated with
risk for PTSD following trauma exposure.

The WHO Collaborating Centre for Neurotrauma Task Force on Mild Traumatic
Brain Injury (mTBI) provides the following operational definition of mTBI:

mTBI is an acute brain injury resulting from mechanical energy to the head from

external physical forces. Operational criteria for clinical identification include: (i)

one or more of the following: confusion or disorientation, loss of consciousness for

30 minutes or less, post-traumatic amnesia for less than 24 hours, and/or other

transient neurological abnormalities such as focal signs, seizure, and intracranial

lesion not requiring surgery; (ii) Glasgow Coma Scale score of 13-15 after 30

minutes post-injury or later upon presentation for health care.
[t is estimated that 42 million people worldwide suffer from mTBI every year.* Studies

have shown that traumatic brain injury of any severity (TBI) may be a risk factor for



PTSD.5¢ One large study of U.S. Army soldiers was conducted 3 to 4 months after their
return from a year-long deployment. This retrospective study showed that 44% of soldiers
with mTBI screened positive for PTSD while 16% of soldiers with other injuries screened
positive for PTSD.” PTSD may also have an association with worse TBI outcomes, including
increased reporting of postconcussive symptoms.’-? Although studies demonstrate there is
an important relationship between PTSD and TBI, the mechanisms behind this relationship
have yet to be fully understood. PTSD and TBI share several symptoms, including anxiety,
irritability, insomnia, personality changes, and memory problems.10 Therefore, it is
important to explore potential biological overlap between PTSD and TBI.

Sex differences are observed in both PTSD and TBI. While literature shows that men
are more likely to experience potentially traumatic events than women,1.12 studies have
consistently shown that women are more likely than men to develop PTSD following a
traumatic event.811-13 Similar to findings in PTSD, men have shown to have a higher
likelihood of acquiring a TBI while women have shown to have worse outcomes following a
TBI. A large meta-analysis of 15 studies including 25,134 adults showed that men had more
than twice the odds of having had a TBI compared to women.1# Studies have shown that
women report worse outcomes following TBI compared to men, including worse post-
concussion symptoms,!> higher mortality,¢ and higher percentages of manifesting
symptoms, such as loss of consciousness, ear or nose bleeding, seizures, headache, and limb
weakness.16 One study shows that women show elevated PTSD symptoms as assessed by
the PTSD checklist for civilians (PCL-C17) scores compared to men following TBI.1>
However, the findings in this area have been mixed, for example, a large retrospective

study shows that female gender is associated with reduced mortality and decreased



complications following TBI.18 Sex differences are important to investigate when examining
the relationship between PTSD and TBI given their prevalence in both conditions.

Gonadal steroid hormones, such as estrogens, progesterone, and testosterone, may
play a role in explaining sex differences and the mechanisms behind the relationship
between PTSD and TBI. Estradiol is the primary female sex hormone and is responsible for
the development of female reproductive organs and secondary sex characteristics.1?
Progesterone is involved in pregnancy, embryogenesis, and the menstrual cycle.20
Testosterone is the primary male sex hormone and is involved in the development of male
reproductive organs and secondary sex characteristics.2! Estradiol, the primary estrogen
hormone released by the ovaries, is present in higher levels in women compared to men.22
Therefore, studies have examined the role of estradiol in sex differences in PTSD. In
humans, a number of studies found that lower estradiol levels were associated with
impaired fear inhibition, a hallmark characteristic of PTSD.23-27 [n TBI, estrogens may be
neuroprotective. Animal studies have shown decreased mortality and better functional
outcomes following induced TBI in mice and rats receiving estradiol treatment compared
to placebo.28 One animal study found improved neurological outcome in male rats, but
worsened neurological outcome in female rats following estradiol administration prior to
TBI.2° In a human study, individuals with severe TBI (sTBI) demonstrated lower estradiol
levels compared to healthy controls, potentially reflecting hypogonadism following TBI. In
addition, those with higher estradiol to testosterone ratios showed lower mortality and
better Glasgow Outcome Scale (GOS) scores, which measures recovery after neurotrauma,

6 months post-injury.30



Studies have shown that progesterone may have neuroprotective effects in
individuals with TBI while it may exacerbate symptoms of PTSD. In a randomized human
subject clinical trial, progesterone treatment, compared to placebo treatment, improved
neurologic outcomes for up to 6 months post-injury in patients with a Glasgow Coma Scale
(GCS) score of 8 or less following TBI. In addition, the group that received progesterone
treatment showed lower mortality than the group that received placebo treatment. Sub-
group analysis for women showed significantly favorable outcomes for women receiving
progesterone treatment compared to women in the placebo group.3! While this study
showed improved outcomes following progesterone treatment after TBI, other large
randomized studies have shown no difference between placebo and progesterone
treatment in individuals following TBI1.3233 In these studies, participants with a GCS of 3
were excluded, which may have resulted in different findings. A systematic review showed
that high levels of estradiol and progesterone, present in the luteal phase of the menstrual
cycle, were associated with higher re-experiencing symptoms in those with PTSD.22 Given
this research indicating that hormones may play a significant role in both PTSD and TB], it
is important to further understand how hormones impact the relationship between both
conditions.

Studies have demonstrated low levels of testosterone following TBI3435 and a
correlation between increased testosterone levels and increased avoidance symptom
scores in those with PTSD.3¢ A case study shows that gonadal hormones may play an
important role in the relationship between PTSD and TBI. Hypogonadism has been found in
patients following TBI.3> Based on this finding and the overlap between symptoms of

hypogonadism and PTSD, a male veteran with PTSD, a history of two concussions, and



initially low levels of testosterone was treated with testosterone supplements. Following
treatment, his PTSD symptoms were lessened. In this case, the patient reported improved
sleep, less irritability and explosiveness, and improved concentration.3” While there are
limitations to the generalizability of this case study, including the inability to rule out a
placebo effect, this study demonstrates the importance of examining the role of gonadal
hormones in PTSD and TBI.

While it is clear that there is a relationship between PTSD and TBI, there is a gap in
knowledge of the mechanisms behind this relationship. Further, there is a lack of literature
following a prospective study design. In order to provide more accurate prognostic tools
and to develop more efficient treatment methods in the care of PTSD and TB], it is
important to further explore their co-occurrence. This study aims to understand the
mechanisms behind the relationship between PTSD and mTBI by further examining the
direction of this association and the roles of sex differences and hormone levels.

Here, we use a prospective study design in a sample of patients presenting to the
emergency department (ED) of a level 1 trauma center. Initial psychological assessments
and hormone levels were assessed in the peri-traumatic period within hours of index
trauma during hospitalization and follow-up assessments of PTSD symptoms occurred 1, 3,
6, and 12 months following traumatic event. Based on previous literature, we hypothesized
that there would be a strong relationship between PTSD and mTBI, with those affected by
mTBI more likely to develop greater severity of PTSD symptoms than those unaffected by
mTBI. We also investigated the relationship between mTBI and PTSD symptom clusters.

Lastly, we hypothesized that high levels of gonadal steroid hormones, including estradiol,
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progesterone and testosterone, would have a protective effect in mTBI patients, predicting

fewer PTSD symptoms in the time following injury.



Materials and Methods

Procedure

Participants were recruited as part of a prospective study in the emergency
department (ED) of Grady Memorial Hospital in Atlanta, GA, the largest Level 1 trauma
center in GA, USA. For the purpose of this study, DSM-IV criterion was used in order to
define a traumatic event.38 Based on this definition, patients were asked if they had
experienced an event in which they thought they (or a family member or friend) would be
killed or seriously injured. Patients were eligible for this study if (i) they had experienced a
traumatic event in the past 24 hours, (ii) they thought they (or a family member or friend)
would be Kkilled or seriously injured during the accident, and (iii) they were alert, oriented,
and able to provide informed consent and complete assessment instruments. Patients were
excluded if (i) they were non-English speaking, (ii) they had current or past history of
mania, schizophrenia, or other psychoses, (iii) they had current (past month) prominent
suicidal ideation or recent (past three months) parasuicidal behavior or other self-injurious
behavior, or (iv) they were acutely intoxicated or altered to the degree that they could not
accurately complete study assessments or participate in study procedures. All participants
underwent assessment of trauma exposure and baseline depression and PTSD symptoms
by trained research staff in the ED. PTSD diagnosis and symptom severity were assessed at
1-, 3-, 6-, and 12-month post-trauma follow-up assessments using the PTSD Symptom Scale
(PSS).32 A PSS score of 21 or higher was categorized as a PTSD diagnosis. Blood samples
were collected from participants upon enrollment. Progesterone, testosterone, and
estradiol levels were all measured following blood sampling. Blood was drawn an average

of 3.8 hours following trauma (SD=3.9).



In order to classify participants with mTBI, the operational definition provided by
the WHO Collaborating Centre for Neurotrauma Task Force on Mild Traumatic Brain Injury
was used.#0 Participants were asked the following: “During the event, did you lose
consciousness at all? If so, how long (in minutes)? Do you have a memory of the event?”

All study procedures were reviewed and approved by the Emory Institutional
Review Board the Grady Hospital Research Oversight Committee. All data were captured
and managed using Health Insurance Portability and Accountability Act-compliant, REDCap
electronic data capture tools hosted by Emory University.

Participants

Participants (n=504) were 18-65 years of age upon enrollment in this study. The
mean age of the sample was 35.3 years (SD=13.0). 46.8% of the participants were women.
Self-reported racial /ethnic background of participants was: Black (72.1%), White (19.1%),
Asian (1.4%), American Indian or Alaska Native (0.2%), Mixed (4.0%), and other (2.6%).
The mean time between trauma and enrollment in this study was 5.1 hours (SD=3.6). The
mechanisms for injury were as follows: motor vehicle collision (49.6%), pedestrian vs.
automobile collision (8.1%), non-sexual assault (7.5%), sexual assault (7.5%), gunshot
wound (6.0%), fall (4.8%), industrial/home accident (4.6%), motorcycle collision (4.4%),
bike accident (3.0%), stabbing (2.6%), animal bite/attack (1.0%), fire/burn (0.6%), sports
injury (0.2%), and other (0.2%).

All participants in this study had a GCS of 15. For the present study, participants
were classified with mTBI based on the presence of loss of consciousness, loss of memory,
or both loss of consciousness and loss of memory following the traumatic event. Table 1

describes the participants of this study based on classification with or without mTBI.



Table 1. Demographics for participants classified with or without mTBI.

Total
Gender
Men
Women
Missing
Ethnicity
Hispanic/Latino
Not Hispanic/Latino
Missing
Race
Black
White
Asian
American Indian or Alaska Native
Native Hawaiian or Other Pacific Islander
Mixed
Other
Missing
Trauma Type
Non-sexual assault
Motor Vehicle Collision
Motorcycle Collision
Pedestrian vs. Automobile Collision
Gunshot Wound
Stabbing
Fire/Burn
Industrial/Home accident
Fall
Animal Bite/Attack
Sports Injury
Bike accident/Bike vs. auto
Other
Sexual assault
Missing
Age (years)
Time since trauma (minutes)
Time between trauma and blood draw (minutes)
Patient-rated severity
Clinician-rated severity
*p<0.05

mTBI

N (%) or Mean (SD)

129 (25.6%)

73 (56.6%)
56 (43.4%)
0 (0%)

6 (4.7%)
123 (95.3%)
0 (0%)
93 (72.1%)
27 (20.9%)
1 (0.8%)

1 (0.8%)

0 (0%)

2 (1.6%)
4 (3.1%)

1 (0.8%)

10 (7.8%)
78 (60.5%)
5 (3.9%)
11 (8.5%)
2 (1.6%)

0 (0%)

0 (0%)

5 (3.9%)

6 (4.7%)

0 (0%)

0 (0%)

4 (3.1%)

0 (0%)

8 (6.2%)

0 (0%)
36.4 (12.6)
315.7 (235.3)
221.9 (224.6)
3.98 (1.0)*
2.70 (1.0)

No mTBI

N (%) or Mean (SD)

375 (74.4%)

194 (51.7%)

179 (47.7%)
2 (0.5%)
17 (4.6%)

356 (95.4%)
2 (0.5%)

269 (72.1%)

69 (18.4%)
6 (1.6%)

0 (0%)

0 (0%)
18 (4.8%)
9 (2.4%)

2 (0.5%)

28 (7.5%)
172 (45.9%)
17 (4.5%)
30 (8.0%)
28 (7.5%)
13 (3.5%)
3 (0.8%)
18 (4.8%)
18 (4.8%)
5 (1.3%)

1 (0.3%)
11 (2.9%)
1 (0.3%)
30 (8.0%)
0 (0%)
35.0 (12.6)
298.7 (213.0)
238.7 (256.7)
3.66 (1.27)*
2.71 (1.02)
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Statistical Analysis

Using SPSS software, Chi-square analysis was used to determine whether there is an
association between mTBI and gender, ethnicity, race, and trauma type. A Mann-Whitney U
test was used to determine whether there was an association between mTBI and age, time
since trauma, time between trauma and blood draw, patient-rated trauma severity, and
clinician-rated trauma severity. Chi-square analysis was used to determine whether there
was an association between gender and PTSD diagnosis at 1, 3, 6, and 12 months following
trauma. Chi-square analysis was also conducted to determine whether there was an
association between mTBI and PTSD diagnosis at 1, 3, 6, and 12-month assessment time
points compared to those without mTBI as baseline. A Mann-Whitney U test was used to
determine whether testosterone, progesterone, and estradiol levels were associated with
mTBI groups. A Mann-Whitney U test was also used to determine whether PSS scores differ
at 1, 3, 6, and 12 months between those who presented with mTBI at initial assessment and
those who did not have a mTBI at initial assessment. Total PSS scores were analyzed as
well as PSS scores for intrusive, avoidance, and hyperarousal symptom clusters.

At each assessment time point, three linear regression models were created. Each of
these models was created based on the hormones estradiol, testosterone, or progesterone.
The dependent variable for each model was PSS score at the given time point. The
independent variables for each model were mTBI, hormone level, the interaction between
mTBI and hormone level, and gender. At 6 months, Spearman correlation was used to
determine the relationship between testosterone levels and PSS scores in both mTBI and

no mTBI groups.
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Results

Of the 504 participants, 129 (25.6%) were classified with mTBI and 375 (74.4%)
were classified with no mTBI. Chi-square analysis showed mTBI was independent of
gender (X2=0.807, p=0.413), race (X?=6.513, p=0.368), ethnicity (X?=0.002, p=0.565), and
trauma type (X2=18.42, p=0.142). A Mann-Whitney U test showed that there was no
significant association between mTBI and age (U=22791.5, p=0.40), time since trauma
(U=21460.5, p =0.32), time between trauma and blood draw (U=20964.0, p=0.59), and
clinician-rated trauma severity (U=23789.5, p=0.96). However, one-way ANOVA analysis
showed a significant positive association between mTBI and patient-rated trauma severity
(U=20954.0, p=0.032), with patients with mTBI rating symptoms with a higher severity
than those without mTBI (Figure 1). A one-way ANOVA analysis showed no significant
difference at the time of the ED visit in testosterone (p=0.841, F=0.040), progesterone
(p=0.162, F=1.96), and estradiol (p=0.194, F=1.69) between the group with mTBI and the

group without mTBI.
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Figure 1. Mean patient-rated and clinician-rated trauma severity scores for participants with and without mTBI at
baseline. Error bars represent standard error of mean. (mTBI: N=129, No mTBI: N=370). *p<0.05

Chi-Square analysis showed a positive association between mTBI and PTSD
diagnosis at 1 month (p=0.025, X2=5.48), 3 months (p=0.038, X2=4.77), and 12 months
(p=0.005, X2=8.92) following trauma. No association between mTBI and a PTSD diagnosis
was found at 6 months post-trauma (p=0.118, X2=2.50). A Mann-Whitney U test showed a
significant elevation in PSS total score for individuals with mTBI compared to individuals
without mTBI at 3 months (U=6135.0, p=0.003), 6 months (U=6027, p=0.045), and 12

months (U=5367.0, p=0.049), but not 1 month (U=9803.5, p=0.097) (Figure 2).
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Figure 2. Mean PSS total scores for participants with and without mTBI at 1, 3, 6, and 12 months post-trauma. Errors bars
represent standard error of mean. (1 month: n=90 mTBI, n=247 no mTBI; 3 months: n=71 mTBI, n=225 no mTBI; 6
months: n=70 mTBI, n=205 no mTBI; 12 months: n=67 mTBI, n=191 no mTBI). *p<0.05 **p<0.01

A Mann-Whitney U test showed differences between mTBI and no mTBI groups in
PSS symptom subtypes. Those with mTBI had significantly higher avoidance scores than
those without mTBI at 3 months (U=6736.0, p=0.045) and 6 months (U=6037.0, p=0.044),

but not at 1 month (U=9785.0, p=0.091) and 12 months (U=5568.5, p=0.11) (Figure 3).
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Figure 3. Mean PSS avoidance scores for participants with and without mTBI at 1, 3, 6, and 12 months post-trauma. Error
bars represent standard error of mean. (1 month: n=90 mTBI, n=247 no mTBI; 3 months: n=71 mTBI, n=225 no mTBI; 6
months: n=70 mTBI, n=205 no mTBI; 12 months: n=67 mTBI, n=191 no mTBI). *p<0.05

Those with mTBI showed greater intrusive symptom severity compared to those
without mTBI at 3 months (U=6320.5, p=0.007), 6 months (U=5809.0, p=0.014), and 12

months (U=5385.0, p=0.042), but not at 1 month (U=10050.5, p=0.175) (Figure 4).
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Figure 4. Mean PSS intrusive scores for participants with and without mTBI at 1, 3, 6, and 12 months post-trauma. Error
bars represent standard error of mean. (1 month: n=90 mTBI, n=247 no mTBI; 3 months: n=71 mTBI, n=225 no mTBI; 6
months: n=70 mTBI, n=205 no mTBI; 12 months: n=67 mTBI, n=191 no mTBI). *p<0.05 **p<0.01



15
Those with mTBI showed greater hyperarousal symptom severity compared to those
without mTBI at 3 months (U=6031.5, p=0.002), but not at 1 month (U=10067.0, p=0.184),

6 months (U=6411.0, p=0.180), or 12 months (U=5636.5, p=0.143) (Figure 5).
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Figure 5. Mean PSS hyperarousal scores for participants with and without mTBI at 1, 3, 6, and 12 months post-trauma.
Error bars represent standard error of mean. (1 month: n=90 mTBI, n=247 no mTBI; 3 months: n=71 mTBI, n=225 no
mTBI; 6 months: n=70 mTBI, n=205 no mTBI; 12 months: n=67 mTBI, n=191 no mTBI). **p<0.01

At 1 month, women had higher PSS total scores than men in all hormone models
(p<0.001). However, mTBI, hormone levels, and an interaction of mTBI and hormone levels

were not significant predictors of PSS total scores at 1 month (Table 2).



Table 2. Linear regression models for PSS scores at 1 month assessment.

B
Model 1 (Constant) 4.97
Estradiol mTBI 3.55
R2=0.092 Estradiol levels (pgml) -0.001
F=6.43 mTBI x Estradiol levels (pgml) -0.013
p<0.001 Gender 6.52
Model 2 (Constant) 4.19
Testosterone mTBI 2.47
R2=0.098 Testosterone levels (ngml) 0.050
F=6.56 mTBI x Testosterone levels (ngml) -0.299
p<0.001 Gender 6.72
Model 3 (Constant) 4.19
Progesterone mTBI 2.47
R2=0.103 Progesterone levels (ngml) 0.050
F=6.90 mTBI x Progesterone levels (ngml) -0.299
p<0.001 Gender 6.72

*p<0.05 ***p<0.001

St. Error
2.25
1.96
0.002
0.018
1.40
3.30
1.94
0.307
0.473
1.80
3.30
1.94
0.307
0.473
1.80

16

Beta

0.14

-0.33
-0.054
0.282%**
0.095
0.015
-0.053
0.298***
0.095
0.015
-0.053
0.298***

At 3 months, those with mTBI had higher PSS scores in the estradiol (p=0.031) and

testosterone (p=0.027) models, but not the progesterone model (p=0.091). Women had

higher PSS scores than men in all models (p<0.001). However, hormone levels and the

interaction between mTBI and hormone levels were not significant predictors of PSS score

(Table 3).



Table 3. Linear regression models for PSS scores at 3 month assessment.

B

Model 1 (Constant) 3.32
Estradiol mTBI 4.13
R2=0.080 Estradiol levels (pgml) -0.002
F=494 mTBI x Estradiol levels (pgml) -0.010
p=0.001 Gender 5.11
Model 2 (Constant) 2.02
Testosterone mTBI 4.51
R2=0.065 Testosterone levels (ngml) 0.228
F=481 mTBI x Testosterone levels (ngml) -0.732
p=0.001 Gender 5.58
Model 3 (Constant) 2.58
Progesterone mTBI 3.00
R2=0.081 Progesterone levels (ngml) -0.048
F=476 mTBI x Progesterone levels (ngml) -0.244
p=0.001 Gender*** 5.70

*p<0.05 ***p<0.001

St. Error
2.16
1.91
0.002
0.017
1.36
3.31
2.02
0.315
0.539
1.82
2.26
1.77
0.039
0.639
1.42
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Beta

0.167*

-0.044
-0.046
0.242%**
0.177*
0.067
-0.117
0.262%**
0.118
-0.082
-0.027
0.267***

At 6 months, women had higher PSS scores than men in the estradiol (p<0.001),

testosterone (p=0.006), and progesterone (p<0.001) models. Those with mTBI had

significantly higher PSS scores than those without mTBI in the testosterone (p=0.005) and

progesterone (p=0.042) models, but not the estradiol model (p=0.146). Hormone levels

were not significant predictors of PSS scores in any models. The interactions between mTBI

and estradiol levels and mTBI and progesterone levels were not significant predictors of

PSS scores (Table 4). The interaction between mTBI and testosterone levels was a

significant negative predictor of PSS scores (p=0.044). Testosterone levels had a significant

negative linear correlation with PSS scores in those with mTBI (p=-0.291, p=0.043) and in

those without mTBI (p=-0.162, p=0.041) (Figure 6).
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Table 4. Linear regression models for PSS scores at 6 month assessment.

B St. Error Beta
Model 1 (Constant) 2.13 2.34 -
Estradiol mTBI 2.94 2.02 0.117
R2=0.072 Estradiol levels (pgml) -0.002 0.003 -0.042
F=4.19 mTBI x Estradiol levels (pgml) 0.003 0.018 0.014
p=0.003 Gender 5.56 1.46 0.254%**
Model 2 (Constant) 1.47 3.51 -
Testosterone mTBI 6.33 2.22 0.243**
R2=0.089 Testosterone levels (ngml) 0.257 0.339 0.072
F=496 mTBI x Testosterone levels (ngml) -1.14 0.563 -0.189*
p=0.001 Gender 5.29 1.93 0.243**
Model 3 (Constant) 1.73 2.45 -
Progesterone mTBI 3.74* 1.83 0.143
Rz2=0.076 Progesterone levels (ngml) -0.045 0.050 -0.062
F=417 mTBI x Progesterone levels (ngml) -0.358 0.637 -0.039
p=0.003 Gender 5.69 1.53 0.257***
*p<0.05 **p<0.05 ***p<0.001
50
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40
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Figure 6. The relationship between testosterone levels (ngml) and PSS total scores at 6 months for mTBI and no mTBI
groups. (mTBI: n=72, No mTBI: n=159). *p<0.05

At 12 months, women had higher PSS scores than men in estradiol (p=0.001),

testosterone (p=0.020), and progesterone (p=0.001) models. Those with mTBI had higher
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PSS scores than those without mTBI in the testosterone model (p=0.041), but not the

estradiol (p=0.081) or progesterone (p=0.102) models. Hormone levels and the interaction

between mTBI and hormone levels were not significant predictors of PSS scores in any

models.

Table 5. Linear regression models for PSS scores at 12 month assessment.

Model 1
Estradiol
R2=0.063
F=3.43
p=0.010

Model 2
Testosterone
R2=0.077
F=4.03

p =0.004
Model 3
Progesterone
R2=0.071
F=3.68
p=0.007

*p<0.05 **p<0.01

(Constant)
mTBI

Estradiol levels (pgml)

mTBI x Estradiol levels (pgml)
Gender

(Constant)

mTBI

Testosterone levels (ngml)

mTBI x Testosterone levels (ngml)
Gender

(Constant)

mTBI

Progesterone levels (ngml)

mTBI x Progesterone levels (ngml)
Gender

B
2.16
3.32

0

-0.008
4.55
2.53
4.16

-0.024

-0.501
4.25
1.30
2.83

-0.023

-0.098
5.09

St. Error

2.27
1.89
0.002
0.017
1.40
3.32
2.02
0.306
0.459
1.82
2.34
1.72
0.041
0.617
1.46

Beta

0.144

-0.193
-0.040
0.223**
0.177*
-0.008
-0.107
0.208*
0.120
-0.040
-0.012
0.249**
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Discussion

Similar to prior studies,’-10 our results showed a significant relationship between
PTSD and mTBI. Our results also show that testosterone may have protective effects in
PTSD for patients who have suffered from mTBI, consistent with a prior case study.3” Our
study adds to very few currently existing prospective studies that examine the relationship
between PTSD and mTBI. This particular study includes recent trauma survivors who were
assessed during emergency medical care and followed for 12 months. While one large
prospective study also shows increased risk for PTSD following mTBI in a civilian
population,*! our prospective study is the first to analyze the role of gonadal steroid
hormones in the relationship between PTSD and mTBI.

Our study showed increased reporting of PTSD symptoms in those with mTBI
compared to those without mTBI at 3, 6, and 12 months following trauma. Increased PTSD
symptom reporting in TBI patients is consistent with a prior study.1> A significant
relationship between mTBI and PTSD symptom reporting was not found at 1 month, but it
is important to note that PTSD symptoms must persist longer than 1 month in order to be
diagnosed as PTSD.38 A significant association between mTBI and likely PTSD diagnosis
was found at 1, 3, and 12 months. Although a significant association was not found at 6
months, this may be due to lower statistical power using a categorical outcome. Overall, the
results suggest that mTBI is associated with increased PTSD symptom severity in recent
trauma survivors presenting to an emergency department. It is notable that the association
between mTBI and PTSD symptom severity remained significant at each timepoint across a
12 month follow-up given that symptoms of mTBI are highly unlikely to persist beyond 6

months.42



21

Study results found that PTSD symptom cluster severity scores differed in mTBI and
no mTBI groups throughout the 12-month follow-up time period. PSS avoidance scores
were significantly elevated in those with initial mTBI compared to those without initial
mTBI at 3 and 6 months post-trauma. PSS hyperarousal symptoms were elevated for those
with mTBI compared to those without mTBI at 3 months, but no significant difference in
PSS hyperarousal scores between these groups was observed at other time points. PSS
intrusive scores were elevated at 3, 6, and 12 months for those with initial mTBI compared
to those without mTBI, but no significant difference in PSS intrusive scores was observed at
1 month and 6 months. Studies have shown that approximately 95% of people experience
PTSD symptoms in the time period closer to a traumatic event, and differentiation between
PTSD and natural recovery occurs at the 3 month time point.#3 In addition, symptoms of
mTBI are highly unlikely to persist past 6 months.#2 Therefore, it is likely that avoidance,
hyperarousal, and intrusive symptoms of PTSD have a relationship to the co-occurrence
between PTSD and mTBI.

This study shows no significant association between gender and mTBI. These results
are inconsistent with the results of a study conducted by Frost et. al.1* However, gender
was a strong predictor of higher PSS total scores at all points, with women reporting higher
PSS scores than men. These findings are consistent with several previous studies that show
that women are more likely than men to develop PTSD.813 OQur results do not show
significant differences in levels of hormones between individuals with and without mTBI.
In addition, hormones themselves were not significant predictors of PSS total scores at any

time point.
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While the interactions between mTBI and estradiol and mTBI and progesterone did
not show to be significant predictors of PSS total score, the interaction between mTBI and
testosterone were a significant predictor of PSS total score at 6 months. In addition, there
was a significant negative linear correlation found between testosterone levels and PSS
scores in both the mTBI group and the group without mTBI. Therefore, higher testosterone
levels may have protective effects in PTSD following a mTBI. This finding is consistent with
the results of a prior case study in a veteran with PTSD and a history of two concussions,
which showed that testosterone supplements improved the veteran’s PTSD symptoms.37 In
addition, our findings offer insight into the role of hypogonadism found following
mTRBI.303537

The findings of this study not only add to growing literature on the relationship
between PTSD and TBI, but also have potential to influence possible treatments for TBI.
This study is one of few*144 to use a prospective design to examine the relationship
between PTSD and mTBI. In addition, our findings show an important relationship between
PTSD symptom clusters and mTBI, which could be used as a prognostic tool for clinicians.
Our study also shows important findings in the role of gonadal steroid hormones in the
relationship between PTSD and mTBI, which could lead to treatment methods that lessen
the symptoms of PTSD following mTBI.

This study has several limitations that should be addressed in future studies. First,
only individuals with a GCS of 15 were included. Therefore, our study results do not reflect
cases of more severe TBI. Several prior studies in sTBI have shown hypogonadism
following sTBI.30.35 Therefore, we may have found a difference in hormone levels between

TBI and no TBI groups if individuals with lower GCS scores were included. In addition, the
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inclusion of those with GCS scores lower than 15 in future studies could allow for
comparisons between hormone levels and GCS scores. In the future, we hope to
incorporate data from the AURORA Study#® in order to address this limitation. The
AURORA Study is a national research initiative that aims to understand more about the
process of recovery following a traumatic event. The goal of the AURORA Study is to enroll
5,000 trauma survivors who present to one of several EDs across the nation and follow-up
with these participants over the course of 12 months. The AURORA Study has collected
data on post-concussive symptoms, which provides a discrete variable to study mTBI
symptoms following the traumatic event. Second, it would have been preferable to have
larger sample sizes of individuals with both PTSD and initial mTBI. The proportion of
individuals classified with mTBI is much lower than the proportion of individuals classified
without mTBI. Therefore, it is important to include a larger sample size of individuals with
mTBI in a future study. Third, patient-rated trauma severity for the mTBI was significantly
higher compared to the no mTBI group. Therefore, the trauma could have been more
severe for the group with mTBI, which may have led to higher PTSD symptom reporting.
However, clinician-rated trauma severity was not significantly different between mTBI and
no mTBI groups. Fourth, our study criteria for classifying participants with initial mTBI
were based on participant self-report of the symptoms of loss of consciousness, loss of
memory, or both following a trauma. While these symptoms align with diagnostic criteria
for mTBI,*¢ they could also be caused by mechanisms other than head injury. In future
studies, it is important to include clinician diagnosis of mTBI to ensure the sample

accurately captures those with mTBI.
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Our study adds to the growing literature on the relationship between PTSD and
mTBI. It not only shows higher PTSD symptom reporting in those with a mTBI, but also
analyzes variations in PTSD symptom clusters at different time points. In addition, this
study is the first prospective study to examine the role of gonadal steroid hormones in the
relationship between PTSD and mTBI. This study shows that testosterone may have
protective effects following mTBI. The finding of the potential role of testosterone in this

relationship could lead to potential changes in the treatment of PTSD following a mTBI.
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