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Abstract

Background and Objective: Posttraumatic stress disorder (PTSD) is a serious and frequently
debilitating psychiatric condition that can occur in people who have experienced traumatic
stessors, such as war, violence, sexual assault and other life-threatening events. Treatment of
PTSD and traumatic brain injury (TBI) in veterans is challenged by diagnostic complexity,
partially due to PTSD and TBI symptom overlap and to the fact that subjective self-report
assessments may be influenced by a patient’s willingness to share their traumatic experiences
and resulting symptoms. Corticotropin-releasing factor (CRF) is one of the main mediators of
hypothalamic pituitary adrenal (HPA)-axis responses in stress and anxiety.
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Methods and Results: We analyzed serum CRF levels in 230 participants including heathy
controls (64), and individuals with PTSD (53), TBI (70) or PTSD+TBI (43) by enzyme
immunoassay (EIA). Significantly lower CRF levels were found in both the PTSD and PTSD+TBI
groups compared to healthy control (PTSD vs Controls: P=0.0014, PTSD + TBI vs Controls:
P=0.0011) and chronic TBI participants (PTSD vs TBI: P<0.0001PTSD + TBI vs TBI:

P<0.0001) , suggesting a PTSD-related mechanism independent from TBI and associated with
CRF reduction. CRF levels negatively correlated with PTSD severity on the CAPS-5 scale in the
whole study group.

Conclusions: Hyperactivation of the HPA axis has been classically identified in acute stress.
However, the recognized enhanced feedback inhibition of the HPA axis in chronic stress supports
our findings of lower CRF in PTSD patients. This study suggests that reduced serum CRF in
PTSD should be further investigated. Future validation studies will establish if CRF is a possible
blood biomarker for PTSD and/or for differentiating PTSD and chronic TBI symptomatology.

Introduction

Decades of study on the effects of war trauma on the human brain show that post-traumatic
stress disorder (PTSD) has an important and complex relationship with traumatic brain
injury (TBI)(1). Both disorders are common in veterans, and while TBI is a risk factor for
the development of PTSD, PTSD may be a mediator of TBI pathological consequences(2-4).
Because PTSD and TBI are often comorbid in military personnel, diagnostic complexity due
to overlap in PTSD and TBI symptoms, in addition to controversies in PTSD diagnostic
criteria(5) represent current challenges for assessment and therapeutic interventions.

The hypothalamic-pituitary-adrenal (HPA) axis is one of the major neuroendocrine systems
in the body. The classic view of the HPA axis involves a modulation of cortisol response
under acute stress conditions, which can be altered by physical activity, inflammatory

state and the influence of circadian rhythms(6-8). The general pathway involves integrated
brain circuits that control the release of corticotropin-releasing factor (CRF), also known
as corticotropin-releasing hormone (CRH), from the paraventricular nucleus of the
hypothalamus, which stimulates the release of ACTH from corticotropic cells of the
pituitary. ACTH reaches the bloodstream and finally induces the systemic release of
glucocorticoids by the adrenal glands and a global peripheral response controlled by the
brain. More recent studies show a complex regulation of HPA axis activity in chronic stress
and addiction(9) (10).

Early biomarkers studies in humans focused on peripheral cortisol determinations

and typically reported increased levels in relation to acute stress. (11, 12) However,
neuroendocrine studies consistently suggest an increased negative feedback inhibition of
the HPA axis in PTSD (13).

Surprisingly, very few studies have looked at CRF as a possible blood biomarker for PTSD
in humans. A study in cerebrospinal fluid (CSF) showed that patients with PTSD with
secondary psychotic symptoms had higher CRF compared to PTSD without psychosis, and
healthy subjects(14), implicating abnormalities in the secretion of CRF with the production
of secondary psychotic symptoms in PTSD. A few studies in PTSD patients reported
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high levels of CRF in CSF (15), while diurnal plasma cortisol levels on average were
decreased(16). One study on plasma CRF showed an increase in PTSD(17). However, the
cohorts were of only 30 subjects, and 13 out of 31 PTSD patients were diagnosed with a
current depressive episode(16). To our knowledge, no previous studies have proposed serum
CRF to have diagnostic potential for the differentiation of PTSD and TBI, and studies on the
differentiation of PTSD and TBI have been mostly limited to functional neuroimaging (18,
19).

Diagnosis of PTSD and TBI is most often determined from clinical interviews or self-report
assessments, both of which are prone to distortions and depend on the willingness of
patients to discuss their traumatic experiences and related symptoms. Easily accessible blood
biomarkers would aid in the understanding, diagnosis and treatment of both PTSD and TBI.

In the Cohen Veterans Center (CVC) study, which involved many facets including deep
phenotyping and imaging(20, 21), US military veterans of the Iraq and Afghanistan

Wars were enrolled at NYU Medical Center (NYUMC) and Stanford University. All
subjects completed an in-depth clinical interview with licensed psychologists for structured
diagnostic screening for psychiatric disorders. In addition to the interviews, over 70% of
enrolled subjects completed a series of self-report questionnaires and agreed to blood draws
for biomarker analysis.

Here we report that serum CRF is significantly lower in a large group of combat veterans
with PTSD compared to healthy veterans as well as veterans with evidence of past TBI
defined by loss of consciousness (LOC).

Material and Methods

Participants

The individuals included in the study have been deployed to Iraqg and/or Afghanistan within
the last 10 years. We completed blood biomarker determinations in a total of 230 veterans
(7.88% females, mean age 32.54 (s.d.£7.23) years) that were selected based on the following
categories: healthy controls (n=64), PTSD (n=53), chronic TBI (cTBI) (n=70), PTSD+cTBI
(n=43). Exclusion criteria included current severe medical conditions unrelated to TBI or
PTSD and requiring long-term treatments (eg, cerebrovascular disorders, multiple sclerosis,
cancer, autoimmune conditions, human immunodeficiency virus) or severe psychiatric
conditions (i.e. schizophrenia or bipolar disorder, history of psychotic disorder, obsessive-
compulsive disorder and current suicide risk). Due to the nature of the study design,
comorbidities that can be found in PTSD veterans exposed to war-related stress including
substance or alcohol use disorder (AUD) were not excluded from the study and included in
the analysis. Approximately 50% of the subjects in the PTSD cohort had comorbid alcohol
use disorder (AUD). Table 1 shows demographic data for the study groups. All subjects
provided written, informed consent to protocols approved by their institutional ethics boards
in accordance with the Helsinki Declaration.
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PTSD and TBI diagnosis

PTSD diagnosis was established according to DSM-5 criteria using the CAPS-5. Briefly,
CAPS-5 is a 30-item interview, which provides information on frequency and severity of
PTSD symptoms and functioning, used to make current (past month) and lifetime diagnosis
of PTSD. PTSD status was based on the CAPS-5, with additional follow-up questions
included in the assessment from the CAPS-1V (i.e., measures of intense fear/helplessness/
horror at the time of exposure and sense of foreshortened future), in order to score data and
obtain diagnoses based on both DSM-IV and DSM-5 criteria. Beck Depression Inventory
(BDI), Pittsburgh Sleep Quality Index (PSQI), Pain Rating Scale and Recent Medication
were also ascertained for every subject.

To be considered a TBI case, participants reported a history of previous TBI (1-40 years
before the blood draw, with mean = 12.9 years) based on closed head injury with LOC.
Ohio State University TBI Identification Method—Short Form was used for assessment of
TBI. Concussion Symptoms Inventory (CSI) was used for the assessment of post concussive
symptoms. LOC time and time since last LOC to blood draw were included as variables.
Controls and PTSD cases followed the same inclusion and exclusion criteria showing no
history of TBI. Alcohol use was considered positive if SCID lifetime or current alcohol
abuse was moderate or severe.

Biofluid samples

Blood samples were collected between 9 - 10 a.m. under fasting conditions and following
blood processing standardized guidelines for biomarkers studies(22). Upon arrival at the
clinical site, subjects were asked to rest in a supine position for 30 minutes prior to
venipuncture. Nurses completed blood draws using 21G butterfly needles. For serum
extraction, 10mL of blood were collected into BD Vacutainer Serum Separation Tubes
(Thermo Fisher, US), allowed to clot for 30min prior to centrifugation (10minutes, 2,000g,
4°C). All samples were always kept at 4°C during processing, and stored at —80°C within
the first 2 hours after the blood draw. All samples were aliquoted into low binding profile
tubes (1mL) labeled with barcodes and stored at —80°C until use. To avoid batching effects,
once sufficient samples were collected, experiments were pre-designed including a similar
number of individuals from all study groups. To avoid multiple freeze/thawing cycles,
samples were thawed once, aliqoted into smaller fractions (0.050mL) and stored at —80°C
until use.

Determination of CRF levels

Experiments were performed at the Biofluid Biomarkers Core of the Cohen Veteran

Center in Dr. Fossati’s lab at NYULMC. Operators performing assays were blind to study
group. Barcode readers were used to allow for sample blinding. CRF was measured in
serum samples by an enzyme immunoassay (EIA) (Phoenix Pharmaceuticals Inc., CA).
Absorbance was detected using a Spectra Max i3 system (Molecular Devices, CA). Limit of
detection (LOD) for the assay is 0.33ng/mL, Intra-assay variation is below 10%, and Inter-
assay variation, below <15%. The assay is specific for human CRF, with no cross-reactivity
for human Prepro-CRF (125-151), PACAP-38, LH-RH, ACTH or [Arg8]-Vasopressin. All
serum semples were well above the LOD and within the levels expected from the assay
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specifications. All assays were run in duplicate. Previously obtained serum aliquots from
healthy donors were included in all experiments and used for batch normalization. Samples
showing coefficients of variation higher than 20% were excluded and measured again.

Statistical analysis

CRF concentration was treated as continuous variables, expressed in hanograms per
milliliter (ng/mL) and medians and interquartile ranges were obtained. An ANOVA was
run to test the null hypothesis that the means of the four groups are equal. Subsequently,
after rejecting the null, pairwise comparisons were run to see which of the means differed.
Wilcoxon Rank sum tests were used to compare differences between groups in serum CRF
values in six pairwise contrasts. To protect the familywise error rate at 0.05, a Bonnferroni
correction was applied, i.e, , p-values must be divided by 6. To be considered strong
evidence of a difference an adjusted p-value needs to be less than or equal to 0.0083. The
p-value for tests involving variables other than CRF are reported as unadjusted p-values.
The area under the receiver operating characteristic (ROC) curve (AUC) was determined
for serum CRF concentrations based on a logistic regression with 5-fold cross validation.
This function provides a model for the probability of group membership as a function of
CRF level. For classification, a threshold was chosen as determined by the Youden index
(J), which corresponds to the point on the ROCwhere sensitivity and specificity are equally
important [J=Max_ (Sensitivity. + Specificityc —1)]. Pearson and Spearman correlations for
serum CRF with other study variables were obtained. Unless otherwise indicated, data was
reported as mean + SD. Statistical analyses for demographic and clinical variables were
performed using SAS 9.4 (SAS Institute, North Carolina, US) and R (R Foundation for
Statistical Computing). Both R and GraphPad Prism 7 (GraphPad Software Inc.) were used
for data visualization.

Results

Demographic and Clinical Characteristics

The demographic characteristics of the 230 participants are shown in Table 1. Participants
included: PTSD group (n=53); cTBI group (n=70);PTSD+TBI group (n=43); and control
group (n=64). Basic demographics including age, sex, and race distributions did not differ
significantly between study groups. As expected, CSI current and lifetime scores differed
between TBI and the other groups (P<0.05). Because the sample reflects the veteran
population, the percentage of female subjects was significantly lower (7.88%) than the
males. This represents a limitation common to studies of PTSD and TBI in active duty
military and veteran samples and is discussed below.

Relationship between serum CRF levels, PTSD and TBI measures.

The ANOVA test of difference of the four means was highly significant with a p-value

of <0.001. The ANOVA table may be seen in the Supplementary material. Comparing
serum CRF levels among the study groups, no differences were found between controls
(4.04 £ 0.92 ng/mL) and TBI groups (4.16 + 0.61 ng/mL) or between PTSD (3.60

0.62 ng/mL) and PTSD + TBI groups (3.59 + 0.59 ng/mL) [P>0.05], Significantly lower
CRF concentrations were found in both the PTSD and PTSD+TBI groups compared with
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controls and with the TBI-only group [P=0.0014, Effect size (Cohen’s D ES) = 0.57 for the
comparison between controls and PTSD; P=0.0011, ES = 0.60 for the comparison between
controls and PTSD + TBI; P<0.0001 and ES of 0.907 for the comparison of PTSD and

TBI and P<0.0001 and ES of 0.934 for the comparison of PTSD+TBI and TBI ] (Figure
1A). The ROC analyses showed an AUC of 0.73 for the classification of controls versus
PTSD (sensitivity = 0.78, specificity = 0.75), of 0.83 for the classification of PTSD versus
TBI (sensitivity = 0.82, specificity = 0.75), and 0.80 for the classification of pulled controls
and TBI versus pulled PTSD and PTSD+TBI groups (sensitivity = 0.78, specificity = 0.75)
(Figure 1B). However, a more conservative estimate from the logistic regression model
5-fold cross-validation yielded a mean AUC of 0.676 for control vs PTSD, and 0.752 for
PTSD vs TBI.

CRF levels were not correlated with duration of LOC (P>0.05) or time since last LOC
within the TBI subjects (P>0.05).

Because lower serum CRF levels were detected in participants with PTSD, we then explored
a potential relationship between CRF levels and the clinician-administered PTSD scale for
DSM-5 (CAPS-5). Results showed lower serum CRF levels in subjects with higher CAPS-5
scores (higher PTSD symptomatology) when subjects were divided in quartiles (Figure 2),
both for current CAPS scores (P=0.0001 for 15t vs 2" tertile; p=0.07 for 15t versus 3'9)

and for lifetime CAPS-5 evaluation (P=0.002 for 15t vs 2" tertile; p=0.0007 for 15t versus
3", The correlation between current and lifetime CAPS-5 and CRF levels was statistically
significant in the whole group (Pearson correlation: —0.29, P value < 0.0001; Spearman
correlation: —0.31, P value < 0.0001), although it was not maintained in the PTSD group
alone. Additionally correlations of individual CAPS 5 symptom clusters (B,C,D,E) with
CRF were not significant in the PTSD group.

In order to detect a possible effect of alcohol use within PTSD patients on CRF levels,

we separated PTSD subjects with and without comorbid AUD and compared CRF levels
between PTSD subjects with AUD, PTSD subjects without AUD and controls. When
comparing the two PTSD sub-groups to healthy controls, both had significantly lower CRF,
although the magnitude of the difference between PTSD and controls was more substantial
in PTSD subjects with AUD (Wilcoxon p=0.0038, Cohen’s d 0.6) compared to PTSD
subjects without AUD (Wilcoxon p=0.02; Cohen’s d=0.58) (Figure 3). We did not observe
significant differences in CRF levels among PTSD subjects with and without AUD, or in
PTSD subjects with or without depression.

Discussion

The HPA axis is one of the major neuro-hormonal systems mediating the stress response

in the human body and neuroendocrine studies consistently provide evidence for altered
HPA activity in PTSD.(23) The present report points for the first time to reduced serum

CRF as a promising biomarker for differentiating PTSD from health individuals and from
subjects with chronic TBI. We found that CRF levels were lower in veterans with PTSD and
PTSD+TBI, compared to healthy veterans and veterans with a history of TBI, with moderate
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to large effect sizes. Our findings suggest that, if validated, serum CRF may be considered
for membership in future blood biomarker panels for PTSD.

The activity of the HPA axis is regulated by multiple sympathetic and parasympathetic
inputs and limbic circuits (e.g., amygdala, hippocampus, and medial prefrontal cortex),
directly or indirectly innervating the paraventricular nucleus (PVN) of the hypothalamus
(24). In healthy subjects, integrated brain circuits trigger the parvocellular neurons of

the PVN to release infundibular CRF, which stimulates the release of ACTH from
corticotropic cells of the pituitary. ACTH reaches the bloodstream and triggers the systemic
release of glucocorticoids by the adrenals. The classic view of the HPA axis involves
activation of cortisol response under acute stress conditions. However, recent studies show
a complex modulation including enhanced feedback inhibitory systems in chronic stress and
addiction(9) (10).

Animal studies demonstrate that HPA axis responsivity to acute stressors is altered in
animals that have previously been stressed, suggesting a long-term negative feedback
modulation of the HPA axis in response to chronic stress(25). While exposure to severe
stressors causes long term dysregulation of resting state and stress-induced activation of
the HPA axis (26-28), the mechanisms of such modulation are complex and unclear, and
both increased and blunted cortisol response are observed depending on the intensity and
chronicity of the stressors. (29) Early biomarkers studies in humans typically focused on
plasma or saliva cortisol determinations and reported, as a general rule, increased levels

in response to acute stress, (11, 12) suggesting that PTSD biology was compatible with a
stress response, associated with increased CRF levels, catecholamine depletion within the
central nervous system, and reduced hippocampal volume. (30) However, the activation of
the HPA axis may vary with duration of PTSD. Cross-sectional and prospective studies

are suggestive of a hypoactive HPA axis in PTSD(31). Indeed, lower urinary and plasma
cortisol levels were detected in chronic PTSD patients compared to non-PTSD trauma
survivors and controls. (30) This was confirmed by experiments using dexamethasone as
an HPA axis inhibitor in different cohorts. A study by Yehuda and colleagues showed
lower post-DEX ACTH levels in deployed veterans than in a non-deployed veteran group,
suggesting a link between post-deployment symptoms and chronic stress(32). In our study
we observed a clear reduction in CRF levels in the chronic PTSD group that was also
detected in the PTSD+TBI group, but not in the TBI alone, suggesting that the effect may
mediated by a biological mechanism related to PTSD and independent from TBI. Our PTSD
cohort included both subjects with (n=42) and without (n=54) current depression. We didn’t
observe significant differences in these two subgroups, suggesting that the lower levels of
CRF are driven by PTSD and not by the comorbid depression. Additionally, the correlation
of serum CRF with BDI was not significant, except for the PTSD + TBI group, in which a
positive correlation was observed between BDI and CRF (r=0.555; P=0.001). This further
confirms that our findings of decreased CRF in PTSD are unrelated to depressive symptoms,
as in this group higher CRF levels associated with a higher depression score. To the best of
our knowledge this serum CRF reduction in PTSD compared to controls and TBI subjects
has not been described before and is in line with a more recent perspective of PTSD
biology that involves a chronic stress state and enhanced negative feedback of the HPA
axis. This effect can also be related to the higher sensitivity of glucocorticoid receptors
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in peripheral tissues that has been previously observed in animal models(30, 33, 34). Our
results are also in line with a recent study, which found a reduction in pituitary gland size
and altered function in PTSD. That study reported discordant pituitary corticotropin function
and pituitary volume in PTSD subjects compared with intact HPA feedback and association
of pituitary volume with ACTH levels in healthy control subjects (35).

The observed low serum CRF in chronic PTSD patients may be also consistent with
elevated brain CRF utilization, increased CRF metabolism, increased degradation of CRF, or
reduction in the CNS secretion of CRF (36).

Alternatively, low serum CRF may represent a risk factor for PTSD. This possibility should
be further explored in longitudinal studies with available blood obtained from participants
pre- and post-deployment or pre- and post-trauma exposure in civilians.

Since psychotropic medications such as benzodiazepines and antidepressants may influence
CRF levels(37), we have compared PTSD subjects (including PTSD + TBI) under
benzodiazepines and antidepressant treatments with those without drug treatment. We found
that the levels of serum CRF did not differ in the two groups (p=0.472), confirming that the
CRF reduction in PTSD is not due to the use of these medications.

Serum CRF is known to be increased in multiple conditions, including fibromyalgia,
mastocytosis, psoriasis, obesity, and pregnancy (released by the placenta) (38-41). All
participants of our study, including the controls, were subjected to a thorough clinical
interview and all possible current heath conditions were reported. None of the participants
were found to have current fibromyalgia, mastocytosis or psoriasis at the time of the
interview and/or blood draw. In addition, we excluded from this study any pregnant subjects.

Low levels of CRF are also observed in tertiary (hypothalamic) adrenal disease (CRF
deficiency)(42). Both low and elevated CRF levels have been shown in people with
Alzheimer’s disease(43, 44), and some scientists suspect that a lack of CRF might cause
chronic fatigue syndrome(45). However, further research is needed in both these topics to
confirm these findings.

We detected lower CRF levels in subjects within the higher CAPS scores quartiles, for both
current and lifetime CAPS (Figure 2), and a moderate negative correlation between CRF
and CAPS-5 in the full group. However, there was no correlation between CAPS-5 and CRF
within the PTSD group, suggesting that the relationship with CRF is likely driven by the
differences in CAPS scores between controls and PTSD subjects and is not directly related
to the severity of symptoms within the PTSD patients. Further, there was no correlation
between CRF and the individual CAPS-5 symptom clusters (B, C, D or E) in the PTSD
group, or between CRF and PSQI.

The reduction in CRF levels had a larger effect size in PTSD patients with reported
moderate or severe alcohol use when compared to controls, likely due to the lower
variability of CRF levels in the PTSD+AUD group. Alcohol abuse can reach a prevalence of
more than 50% in PTSD patients (46-48) and it is known to be associated with more severe
PTSD symptoms and higher levels of cognitive disturbances. Although AUD was not the
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main focus of this study, which did not include participants with AUD in absence of PTSD,
the analysis of HPA axis mediators such as CRF in comorbid PTSD and AUD as well as in
AUD alone warrants further attention for a potential biological interaction.

Serum cortisol levels measured in a subset of our subjects (N=83) did not show significant
group differences (Control vs PTSD: p=.46; Control vs PTSD +TBI: p=.33; PTSD vs
PTSD+TBI: p=.95), in line with a meta-analysis in which, across 37 studies, 828 people
with PTSD and 800 controls did not differ in cortisol levels.(49) The lack of difference
persisted in this meta-analysis when considering only studies analyzing plasma or serum
cortisol.(49)

Although the brain is the main source of CRF production related to stress, CRF is released
from the paraventricular nucleus neurons that terminate in the median eminence, a region
with fenestrated blood vessels lacking the tight junctions characteristic of the BBB. Here,
CRF is released into the peripheral circulation as a hormone. Periferal CRF (or CRH) plays
multiple roles associated to the stress response. For example, CRF released from the brain
into the perifery during stress responses induces a colonic response by activating colonic
CRF receptors(50). These and other peripheral mechanisms are mediated by central stress,
as can be displayed by the “gut wrenching” and nauseous feelings and abdominal pain
during or following emotional stress.

Hence, although due to the nature of our samples we cannot demonstrate that serum

CRF levels correlate with those in the brain in our cohort, there is evidence indicating

that peripheral CRF levels can be indicative of CNS perturbations, and associated to
emotional disturbances and HPA axis responses. Previous research also suggests that a major
component of plasma CRF is of hypothalamic origin, however, other extrahypothalamic
tissues cannot be ruled out as a minor source of plasma CRF (51). Other studies have
shown lower levels of peripheral CRF (plasma) and an increase in PTSD (17). However, the
study did not control for depression, and patients with severe depression were almost % of
the PTSD group in this study. We have shown an opposite direction of the correlation in
depression, with an increased CRF correlating with increased depression scores. Moreover,
this study used an RIA assay, while we use EIA. Differences in apparent concentrations

are conceivable due to the inherent technical differences of these assays. Future studies
employing mass spectrometry, RIA, or other quantitative types of analysis are adviseable to
confirm concentrations, although the strong significance of our group differences (controls
vs PTSD groups) reinforces the confidence that these results are valid, independently from
possible assay-dependent variability in the absolute concentrations.

The present report has some limitations that will need to be explored in future studies.

First, due to the veteran nature of our study sample, to validate CRF as a biomarker for
PTSD results will need to be confirmed in separate cohorts of civilian subjects. Second, our
study included relatively young veterans with a homogeneous age (average 32.54) and future
studies should explore if results hold in elderly subjects and if CRF levels are related to

age. Third, it is important to consider that sex can affect HPA axis activity, as established

by multiple animal and human studies which highlight an effect of sex hormones on stress
responses(52, 53). Our sample of Iragq and Afghanistan veterans consisted of 7.88% female
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subjects. Therefore, results will need to be confirmed in validation cohorts comprising a
balanced number of men and women and in studies of female veterans and civilians with
PTSD and TBI. Additional limitations are the lack of cortisol level measurments in all
patients and the lack of a group of AUD participants without PTSD. The relationships
between alcohol use and serum CRF levels as well as circadian rhythm and CRF levels
should be explored in future studies. Additionally, our study did not account for potential
binding of CRF to CRF-binding protein in plasma which may impact CRF soluble levels.
Future studies will be planned to assess these molecular events. Finally, longitudinal studies
analyzing CRF levels before, immediately after trauma, and in chronic PTSD within the
same patients, would help understanding if the lower CRF levels found in PTSD subjects are
the result of a chronic stress state, or if lower CRF is an inherent characteristic of certain
individuals, which constitutes a risk factor for PTSD. Studies will need to further confirm if
the observed results are due, at least in part, to changes in CRF of peripheral origin, since
CRF is known to be produced by other peripheral sources including immune and endothelial
cells, the adrenal medulla, testes, ovaries, Gl tract, pancreas, and the myometrium.

Conclusion

We report for the first time reduced serum CRF levels in PTSD participants compared

to TBI and healthy controls in our Irag and Afghanistan veteran cohort. We propose

that future studies should evaluate peripheral CRF as a possible mechanistic mediator

and a potential diagnostic biomarker to differentiate chronic PTSD from healthy and TBI
subjects. Although it is still premature to consider CRF as a valuable PTSD biomarker,

this study supports the need for a validation of serum CRF reduction in different cohorts
including women and civilians with PTSD, in those with AUD comorbid with PTSD, and in
prospective longitudinal studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Serum CRF levels differentiate PT SD from controlsand TBI patients.
(a) Wilcoxon Rank sum test for the group comparisons of CRF serum levels (Y axis=

CRF concentration in ng/ml). Bars represent medians and interquartile ranges. (b) Receiver
operator curve (ROC) for serum CRF levels separates healthy previously-deployed controls
from PTSD (AUC=0.73), PTSD from TBI participants (0.83) and the pulled groups
including controls and TBI versus PTSD and PTSD + TBI (AUC=0.80).
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Figure 2. Differencesin CRF levelsin subjectswithin quartiles of PTSD symptomatology
(measured by clinician-administered PTSD scale for DSM-5 [CAPS-5]). Similar reductions

are observed for current (A) and lifetime CAPS-5 evaluation (B). Each quartile comprises
25% of the participants with available CRF and CAPS measures (total subjects: N=211
for both current caps and lifetime CAPS). Bars represent mean and standard deviation.
*=p<0.05; **= p<0.01(ANOVA and Tukey's multiple comparison tests). C) Correlation of
current CAPS score with serum CRF in the whole study group is moderate (Spearman
r=0.31; p<0.0001; Pearson r=-0.29; p<0.0001).
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Figure 3. Relationship between alcohol abuse (AUD) and CRF levels.
The strength for the differentiation of PTSD from control participants is evident in PTSD

subjects with alcohol use (AUD). Wilcoxon p is 0.0038 in PTSD with AUD (N=26) vs
Controls (N=64) and 0.02 in PTSD witout AUD (N=27) vs Controls. No differences

in serum CRF levels are found when comparing PTSD participants with and without

AUD. Wilcoxon Rank sum test for the group comparisons. AUD: alcohol use; PTSD:

Post Traumatic Stress Disorder. Participants with AUD alone were excluded from the study

group.
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standard deviation. The significance is evaluated across four groups when the data of four groups are available,
between TBI and TBI-PTSD groups when the data of these two groups only are available.

Characteristic TBI PTSD PTSD+TBI Control Pvalue
Age, mean (SD), y 32.24(7.65) | 32.54(5.97) | 33.82(7.95) | 31.58(7.33) | 0.159
Female, No. (%) 3 (3.85%) 5 (8.20%) 3 (6.82%) 8 (10.81%) 0.411
Race, No. (%) 0.398
White 40 (51.95%) | 32(53.33%) | 20 (45.45%) | 41 (55.41%)
African American 5 (6.49%) 8(13.33%) 8 (18.18%) 11 (14.86)
Native American or Hawaiian 0 (0%) 0 (0%) 0 (0%) 1(1.35%)
Asian 5 (6.49%) 6 (10.0%) 1(2.27%) 9 (12.16)
Hispanic 19 (24.68%) | 11(18.33%) | 11 (25%) 9 (12.16)
Others 8 (10.39%) 3 (5.0%) 4(9.09%) 3 (4.05%)
Time since last deploy. (months), mean (sd) | 27.78 (30.97) | 32.63(38.61) | 43.01 (45.54) | 26.85(39.60) | 0.136
TBI group characteristics, mean (sd)
CSl current score 4.22 (7.94) 6.81(11.82) | 11.10 (12.39) | 0.74 (1.82) 0.0013
CSl lifetime score 13.32 (13.48) | 13.27 (14.30) | 24.39 (19.84) | 5.42 (6.67) 0.0007
Loss of consciousness, minutes median 0.75 0.75 0.900
Time since last event, months mean (sd) 75.62 (70.28) 74.05 (46.31) 0.507
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