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Abstract

Post-Traumatic Stress Disorder (PTSD) is a common and debilitating condition in the United States affecting an estimated 7.7 million adults annually. 
Women are twice as likely to be diagnosed as men. Individuals who have been exposed to military combat, victims of natural disasters, concentration 
camp survivors, and victims of violent crime are at particular risk for PTSD, but not all victims of trauma will suffer from PTSD.  Hallmarks of the 
disorder include intrusive memories, flashbacks, and nightmares which result in compensatory behaviors to avoid triggering stimuli, as well as emotional 
blunting. Management of PTSD typically involves medication and psychotherapy, especially cognitive-behavioral therapy, but complementary and 
alternative medicine, or mind-body approaches that occur outside of traditional medical venues, are also being utilized.

The proposed mechanisms for PTSD are multifaceted. Dysregulation of neuroendocrine pathways and feedback loops have been commonly implicated 
in the pathogenesis of PTSD, but a definitive unifying framework for the etiology of this disorder has not yet been identified.  Dysregulation of the 
Hypothalamic-Pituitary-Adrenal (HPA) axis is commonly invoked in the pathogenesis or pathophysiologic response to PTSD, but abnormalities of 
adrenal catecholamines, neuroendocrine transmitters in the brain, the pituitary-thyroid axis, and sex hormone regulation have also been identified.

The goal of this report is to review the literature to-date that examines the potential role of hormones in PTSD, and to explore limitations to methodologies 
and testing that might account for variation in the literature.
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Introduction

Post-Traumatic Stress Disorder (PTSD) was first recognized 
as a distinct diagnostic entity in 1980 by the American Psychiatric 
Association when it was included in the DSM-III. Despite a 36-year 
history, however, it remains underdiagnosed and misunderstood. 
PTSD’s emergence as a distinct diagnosis filled an important void in 
psychiatric theory and practice by acknowledging that an external 
trauma may cause symptoms, as opposed to the view that such 
symptoms are attributable to an individual’s weakness (e.g., a traumatic 
neurosis). Exposure to any traumatic event can induce PTSD, although 
it is difficult to predict who will be affected and who will not. Those 
diagnosed with PTSD are predictably at risk for a reduced quality of 
life, substance abuse, suicide, reduced productivity, domestic violence, 
impaired relationships, and other risky and unhealthy behaviors [1]. 
The U.S. Department of Defense has invested significant resources 
into the research, development, and implementation of PTSD 
programs. Consequently, the majority of studies to date have been 
performed on males with active combat experience. Unfortunately, 
only 23 to 40 percent of veterans who screen positive for PTSD seek 
and receive medical care [2]. Pharmacological and cognitive therapy 
interventions for those who suffer from PTSD have been shown to 
have some positive effects, but many veterans do not seek medical 
assistance for their symptoms and consequently self-medicate. When 
they do seek treatment, patients may instead turn to complementary 
and alternative treatments [3].

The intent of this review is to examine the neuroendocrine 
dysregulation associated with PTSD, consider potential treatment 
avenues, and explore potential causes for the apparently conflicting 
data that have appeared over the decades. 

For the purposes of this review, a query of the PubMed database 
was performed in the fall of 2016 that cross-referenced “Post Traumatic 
Stress Disorder” or “PTSD” with the following terms: pathophysiology, 
endocrine, hormones, cortisol, catecholamines, pituitary, testosterone, 
symptoms, human studies, and military literature. These terms were 
expected to link the endocrine phenomena with psychiatric topics of 
interest. A total of 58 studies were identified and are reviewed here. 

Part 1: The Role of Hormones in the Pathogenesis of 
Post-Traumatic Stress Disorder

 The Hypothalamo-Pituitary-Adrenal (HPA) System

Stimulation of the HPA axis begins in the paraventricular nucleus 
(PVN) of the hypothalamus. Under normal physiology the PVN 
receives crosstalk from the suprachiasmatic nucleus to modulate 
diurnal variations [4].  However, in response to stressors, the PVN 
releases corticotropin releasing hormone (CRH) and arginine 
vasopressin. In turn, CRH acts on the anterior pituitary gland to 
stimulate secretion of ACTH, which then acts on the adrenal cortex to 
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stimulate secretion of cortisol. Hormones at each step of this cascade 
feedback on preceding levels to attenuate additional secretion. 

The most relevant data gathered regarding the pathogenesis 
of PTSD pertain to the HPA axis and support disturbed feedback 
inhibition and blunted cortisol responses to stress. Studies that have 
evaluated ACTH levels in patients with PTSD have demonstrated 
normal concentrations, or levels that are comparable to control groups, 
but Bremner et al. have documented higher cerebrospinal fluid (CSF) 
concentrations of CRH in Vietnam veterans with PTSD as compared 
to healthy controls [5].  They surmise that higher concentrations of 
CRH in the CSF of PTSD patients reflect alterations in stress-related 
neurotransmitter systems and that higher CSF CRH concentrations 
may play a role in disturbances of arousal in such patients. Savic 
et al. examined 400 participants divided into four groups: 133 
individuals with current PTSD, 66 subjects with a history of PTSD, 
102 trauma controls without PTSD, and 99 healthy controls [6].  
ACTH concentrations were assessed after overnight dexamethasone 
suppression, and no significant differences were observed between 
groups. Similarly, a pilot study by Muhtz et al. examined 14 patients 
with chronic PTSD and 14 healthy controls without PTSD [7].  
They combined a low dose (0.5 mg) of oral dexamethasone at 23:00 
followed by 100 mcg IV CRH 16 hours later. ACTH was measured 
at -15, 0 and every 15 minutes thereafter for a total of 135 minutes. 
No significant differences were observed in ACTH levels between the 
two study groups, but they did find that individuals with a history of 
early childhood trauma had higher post-suppression ACTH levels 
than those without childhood trauma.  They suggest that the type of 
trauma may play a role in the multifactorial metabolic derangements 
of PTSD. In general, these data underscore that no differences exist in 
ACTH levels among groups, but a question remains about whether 
CRH is elevated and whether this affects the dynamics of stress arousal 
in patients. 

Conversely, De Kloet et al. evaluated 23 veterans with PTSD, 22 
trauma patients without PTSD, and 24 healthy controls in the afternoon 
following overnight administration of 0.5 mg dexamethasone [8].  
They found that there were marginally higher ACTH concentrations 
among the PTSD patients at 16:00 on a day when dexamethasone was 
not given (p =0.06) and at 20:00 on a day following administration 
of dexamethasone (p=0.04), but there was not a significant difference 
between the study groups in the degree of post-dexamethasone 
suppression.  As shown in Figure 1, PTSD patients also demonstrate 
a significantly blunted salivary cortisol (a surrogate for free cortisol) 
upon awakening as compared to healthy control subjects (but not 
trauma control subjects).  Kellner et al. also found no difference when 
comparing ACTH concentrations between 17 individuals with PTSD 
and 17 healthy controls without PTSD [9]. These data indicate that 
no reproducible, clinically significant differences exist between the 
ACTH levels of PTSD patients as compared with unaffected control 
subjects. 

Other investigators, however, have been able to demonstrate 
some dysregulation of the pituitary-adrenal axis through careful 
assessment.  In attempt to elucidate the mechanism of an observed 
paradoxical increase in CRH in the setting of reduced baseline cortisol 
concentrations among patients with PTSD, Yehuda et al. performed 

an elaborate study among 19 male and female subjects with PTSD 
as compared to 19 male and female controls [10]. They posited two 
potential mechanisms for this finding, including enhanced negative 
feedback of cortisol on the hypothalamus versus reduced adrenal 
responsiveness to ACTH in PTSD. They tried to discriminate between 
these two possibilities by measuring ACTH and cortisol at baseline 
and in response to overnight dexamethasone suppression. They 
demonstrated that the ACTH-to-cortisol ratio did not differ between 
groups before or after dynamic testing, but that the subjects with 
PTSD showed greater suppression of ACTH and cortisol in response 
to dexamethasone than did the controls. These results, summarized in 
Figure 2, suggest that enhanced cortisol negative feedback inhibition 
of ACTH secretion occurs in patients with PTSD, as opposed to 
reduced adrenal output of cortisol in response to ACTH stimulation 
[10]. These findings may explain why no significant differences in 
ACTH levels can be appreciated between PTSD and control groups. 
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Figure 1: Salivary cortisol response to awakening among 23 Dutch Military Veterans 
with PTSD (solid squares) as compared to 24 Healthy Control subjects (solid circles).  
Adapted from de Kloet et al. [8]. 
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Figure 2:  Percent suppression of ACTH from baseline by 0.5 mg of dexamethasone 
overnight among patients with PTSD versus patients without PTSD. Adapted from Ye-
huda et al. [10]. 

Contrary to the studies above, Ströhle et al. studied 8 adults 
with PTSD and 8 healthy age- and sex-matched controls without 
PTSD in a similar experiment. They found that patients with PTSD 
had a decreased ACTH response to CRH after pretreatment with 
dexamethasone, suggesting a “hyporeactive” stress hormone system 
[11]. Some of Yehuda’s earlier work had raised the possibility that 
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these studies may not have measured ACTH accurately, asserting that 
ACTH levels must be determined through repeated sampling over 
a short period of time. Using the gold-standard metyrapone test in 
individuals with PTSD, there was a significant increase in ACTH and 
in the cortisol precursor, 11-deoxycortisol, in subjects with PTSD as 
opposed to those without it. This suggests that the Hypothalamo-
Pituitary–Adrenal (HPA) axis is releasing higher concentrations of 
ACTH in individuals with PTSD in comparison to individuals without 
PTSD [12].  These conclusions are something of an outlier among 
the greater PTSD literature pertaining to ACTH, and they should 
spur reassessment of the best methodologies to accurately measure 
hormonal dynamics in PTSD as research moves forward. 

A majority of the research exploring cortisol levels in patients 
with PTSD demonstrates lower ambient cortisol levels as compared 
to healthy controls and other psychiatric groups. Yehuda et al. showed 
this when comparing Holocaust survivors with PTSD to Holocaust 
survivors without PTSD and found that chronic PTSD was associated 
with reduced serum cortisol concentrations [13]. They suggest that the 
continuing high stress levels associated with PTSD may be exhausting 
the HPA axis and resulting in decreased cortisol levels. Similarly, 
Boscarino compared service veterans who were deployed in Vietnam 
with Vietnam-era veterans who were not in the theater of combat [14]. 
He controlled for the level of combat, as well as for multiple other 
potentially confounding variables, and his results indicate that those 
who were deployed in the combat theater had a higher prevalence 
of PTSD, and that theater veterans with current PTSD had lower 
cortisol concentrations than those who did not have PTSD. These 
findings suggest the importance of considering combat exposure 
in addition to the DSM diagnosis criteria when studying PTSD and 
cortisol concentrations. Overall, these two studies complement the 
observations referenced in the aforementioned studies pertaining to 
ACTH by demonstrating that cortisol levels are lower than expected 
in populations with prolonged hyperarousal states. 

Another study, by Goenjian et al., compared adolescents from two 
cities in Armenia that were near the occurrence of a 6.9 magnitude 
earthquake. Specifically, the city of Spitak was at the epicenter of the 
earthquake and the city of Yerevan was at the periphery. The adolescents 
were old enough at the time of the earthquake to remember it. 
According to the DSM-IV, PTSD symptoms are grouped into different 
categories. Category B includes persistent re-experiencing of the 
traumatic event. Category C includes persistent avoidance of stimuli 
associated with the trauma and numbing of general responsiveness. 
Category D includes persistent symptoms of increased arousal. PTSD 
symptom scores were significantly higher among adolescents from 
Spitak, and they found a negative correlation between PTSD category 
C and D symptoms and baseline cortisol levels. Category B symptom 
scores narrowly missed statistical significance (p=0.06). There were no 
independent effects of sex or any other clinical or hormonal variables 
on these findings. The study supports the proposition that individuals 
with PTSD may have enhanced negative feedback inhibition of cortisol, 
resulting in lower cortisol levels [15]. When compared to the findings 
by Boscarino, these data also suggest that there is no significance to 
the type of trauma, in this case natural disaster as opposed to combat, 
that produces this blunted cortisol response.

Also addressing the nature and severity of trauma, Olff et al. 
explored HPA axis changes among civilians with chronic PTSD due 
to trauma such as sexual abuse, loss of a loved one, disaster, or motor 
vehicle accident. The control group consisted of healthy volunteers 
without PTSD. The results showed that plasma cortisol levels were 
significantly reduced in the PTSD group compared to the control group. 
In addition, the average cortisol levels were lower after controlling for 
potentially confounding variables, such as sex, age, body mass index 
(BMI), and smoking. A negative linear relationship between cortisol 
levels and the severity of PTSD symptoms was also found. The authors 
suggest that these findings raise the question as to whether some of the 
discrepant findings related to serum cortisol and PTSD in the medical 
literature may be attributable to the differing severity of trauma in 
different studies [16]. In the larger picture, this study underscores 
that the blunting of cortisol among PTSD patients may occur with 
many different types of trauma and suggests a relationship between 
the severity of trauma and the degree of cortisol blunting. 

In attempt to elucidate the potential role of reduced cortisol 
binding globulin (CBG) concentrations as a mechanism for decreased 
cortisol concentrations in PTSD, Kanter et al. studied thirteen Vietnam 
veterans and found that while plasma cortisol levels were significantly 
lower among PTSD patients than among control subjects without 
PTSD, they also found that CBG levels were increased in the PTSD 
patients compared to controls [17]. Wahbeh et al. evaluated salivary 
cortisol levels (as a reflection of free cortisol) in PTSD and found 
that the levels were lower among 51 combat veterans with PTSD as 
compared with 20 veterans without PTSD [18]. He further found that 
adding age, BMI, smoking, medications affecting cortisol, awakening 
time, sleep duration, season, depression, perceived stress, service area, 
combat exposure, and lifetime trauma as covariates to the model did 
not reduce the significance of the relationship between PTSD and 
salivary cortisol. These data contribute to the overall understanding of 
PTSD dynamics by eliminating the role of CBG in the blunted cortisol 
findings. 

Not surprisingly, there are also studies that have found elevated 
cortisol levels in individuals with PTSD. One study, by Wang et al., 
described the occurrence of PTSD and plasma cortisol concentrations 
among 48 survivors of a coal mining disaster in China. They found 
that plasma cortisol levels were significantly higher in PTSD patients 
six months after the disaster than in survivors without PTSD, and 
this relationship was maintained after adjusting for age and BMI. In 
this study, the cortisol levels at six months were also correlated with 
somatic symptoms, interpersonal symptoms, depression, anxiety, and 
hostility scores on the PTSD Symptom Checklist 90-Revised (PCL-
90-R), a widely used 90-item self-report instrument that includes 
nine subscales that target various domains of psychopathology [19]. 
Another study from China, by Song et al., examined 34 earthquake 
survivors with PTSD, 30 earthquake survivors with subclinical PTSD, 
and 34 normal controls [20]. They found that the survivors with PTSD 
and those with subclinical PTSD both demonstrated significantly 
higher levels of serum cortisol as compared to the control group. A 
study that included Vietnam combat veterans with PTSD also found 
that they had higher cortisol concentrations compared to the control 
group [21].  Another study that included Croatian combat veterans 
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with PTSD demonstrated fewer glucocorticoid receptors on the 
surfaces of lymphocytes among the PTSD patients compared to healthy 
controls. This inverse association has been identified in a number of 
psychiatric diagnoses and potentially explains the observation of 
elevated cortisol concentrations [22]. Wheeler et al. compared the 
cortisol production rates between 10 control subjects and with 10 
individuals with chronic PTSD and a history of childhood trauma, 
domestic violence, or war trauma. They demonstrated no difference 
in cortisol production rates between the two groups using stable 
isotopic methods in the unprovoked state, but they did demonstrate 
significantly reduced urinary free cortisol levels in the chronic PTSD 
group [23]. These studies show that there may be cortisol dynamics 
related to the proximity in time to a traumatic event, and that observed 
elevations in cortisol are probably not related to up-regulations in 
cortisol production in the adrenal gland.

In attempt to evaluate the impact of time on cortisol levels, 
Simmons et al. examined exposure to lifetime traumatic events and 
changes to cortisol levels in hair samples, a relatively new and reliable 
method for assessment of integrated cortisol over time [24]. The 
sample population included 70 children who were also enrolled in a 
longitudinal study of brain development and who had experienced a 
variety of trauma as reported by parents using the LITE-PR screening 
measure. Three cm of hair representing approximately 3 months of 
growth were removed from the vertex. They discovered that hair 
cortisol concentrations (HCC) are positively correlated with lifetime 
trauma and is a potentially cost-effective and reliable biomarker of 
HPA dynamics among children. Of note, these findings in children 
are consistent across studies but are inconsistent with HCC studies 
in adults.  The explanation for this discrepancy may be rooted in 
the temporal proximity of the trauma to the sampling. This study 
reinforces the previously mentioned studies suggestive of enhanced 
cortisol early after the traumatic event. 

As previously introduced, salivary cortisol measurements are 
another recent non-invasive method to assess cortisol levels. Yoon and 
Weierich measured salivary cortisol and alpha-amylase in 20 women 
who met criteria for diagnosis of PTSD per DSM-IV to evaluate 
HPA and Sympathetic Nervous System (SNS) reactivity to trauma 
reminders [25]. On two separate occasions, subjects underwent the 
Structured Clinical Interview for DSM-IV (SCID) to describe their 
traumatic event, and submitted salivary samples before, during and 
after the SCID. The alpha-amylase levels reflect SNS responses at each 
time point, whereas the salivary cortisol levels indicate HPA activity 
approximately 20 minutes prior to the sample collection. They found 
blunted cortisol activity and marked SNS activity when exposed 
to stressors (i.e., the description of the trauma during SCID). They 
conclude that the blunted cortisol is a protective mechanism when 
HPA is chronically activated to protect the body from long-term 
immunosuppression; a concept reinforced by multiple studies over 
time. This theory also partially explains the phenomenon of enhanced 
SNS activity such that under normal physiology, cortisol down-
regulates SNS response, while in these patients, the blunted cortisol 
fails to mediate this effect. This study is important because it reinforces 
and attempts to explain ongoing observations in the PTSD-HPA 
literature as well as integrate it into other systems of interest, such as 
the effect of PTSD on catecholamines. 

In summary, there appears to be a preponderance of evidence 
supporting the idea that patients with PTSD exhibit decreased cortisol 
concentrations compared with unaffected individuals, as well as 
disturbed feedback regulation of cortisol on the hypothalamus. This 
latter point has been demonstrated by enhanced ACTH suppression 
following exogenous glucocorticoid administration. Additionally, 
blunted cortisol responses over time may leave the sympathetic 
nervous system relatively unchecked, thus contributing to the tonic 
hypervigilance these patients experience. As might be expected, those 
with a history of more severe trauma or stress exhibit more severe 
symptomatology.  

A.	 The Catecholamines: Epinephrine & Norepinephrine

There is limited literature on epinephrine and norepinephrine 
in the setting of PTSD, but the majority of the literature suggests 
that norepinephrine is elevated in such patients. Blanchard et al. 
examined plasma norepinephrine in Vietnam veterans with combat 
experience. Group one contained combat veterans with diagnosed 
PTSD and group two was comprised of combat veterans without 
PTSD. The veterans were exposed to auditory stimuli simulating a 
combat experience with increasing volume for three minutes. PTSD 
veterans exhibited significant increases in plasma norepinephrine 
from pre-stimulus and post-stimulus (p <0.001) compared to combat 
veterans without PTSD, who did not show changes due to the 
auditory stimulus. Moreover, veterans with PTSD who experienced 
an increase in plasma norepinephrine also showed a concomitant 
increase in heart rate. In addition, there was no difference in baseline 
norepinephrine levels between the two groups [26]. Geracioti 
et al., using a stressor, looked at serial cerebrospinal fluid (CSF) 
norepinephrine concentrations sampled via an indwelling spinal 
canal subarachnoid catheter over a number of hours. They discovered 
that CSF norepinephrine concentrations were significantly higher in 
the participants with PTSD than the healthy control group. Geracioti 
asserts that the higher baseline CSF norepinephrine concentrations 
were related to CNS hyper-activation in PTSD, even in the absence of 
a specific stressor [27]. Taken in the context of the data presented thus 
far, this CNS activation may be related to the previously mentioned 
elevations in CRH and underscores the theory that blunted cortisol 
fails to attenuate the sympathetic nervous system. 

The cause of elevated levels of norepinephrine appears to be a low 
concentration of the norepinephrine transporter (NET) in the stressed 
state. The NET is responsible for attenuating signaling by clearing 
norepinephrine from synaptic clefts, thus resulting in lower levels of 
arousal. Expanding upon rodent studies in which repeated exposure 
to stress is associated with decreased NET in the locus coeruleus, 
Pietrzak et al. used Positron emission tomography (PET) with [11C]-
methylreboxetine to assess NET availability in this crucial region. 
They compared healthy adult humans, patients exposed to trauma 
but without PTSD symptoms, and patients with PTSD symptoms, 
and found that PTSD was associated with significantly reduced NET 
availability in the locus coeruleus, and that greater norepinephrine 
activity with PTSD was associated with an increased severity of 
anxious arousal symptoms [28]. This established consistency among 
animal and human studies about stress exposure and attenuation of 
NET availability.  
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Correspondingly, Kosten et al. suggest that PTSD patients have 
increased sympathetic nervous system activity. They examined urinary 
norepinephrine and epinephrine levels at two-week intervals during 
the course of hospitalization without the use of a stressor. Patient 
groups included those with PTSD, major depressive disorder, bipolar 
disorder type I (manic), paranoid schizophrenia, and undifferentiated 
schizophrenia. The patients with PTSD had significantly higher mean 
urinary norepinephrine and epinephrine levels than the other groups, 
and the higher levels were sustained throughout the hospitalization 
[29]. These data further suggest that evidence of persistent 
catecholamine elevations are not limited to PTSD and encompass a 
number of other psychiatric diagnoses. 

In summary, human studies demonstrate increased levels of both 
plasma and CSF norepinephrine among subjects with PTSD, a finding 
also demonstrated in animal studies. 

B.	 Thyrotropin (TSH) and the Thyroid Gland

The medical literature suggests that the pituitary-thyroid axis 
may be altered in patients with PTSD, but results are mixed, with 
the majority of research suggesting increased thyroid hormone 
concentrations. Goenjian et al. examined adolescents with PTSD and 
a history of trauma resulting from the Spitak earthquake in Armenia 
in 1988.  The study population was divided into two groups: 33 
adolescents who experienced trauma at the epicenter in Spitak, and 
31 adolescents who lived at the periphery of the earthquake zone.  The 
group exposed to trauma had significantly higher basal thyrotropin 
(TSH) concentrations than the non-trauma-exposed group, suggesting 
that higher TSH levels may reflect an underlying comorbid depression, 
which is known to be associated with hypothyroidism, or an age-
related, trauma-induced decrease in sensitivity to thyroid hormone 
feedback on the pituitary and/or hypothalamus [15].  Conversely, Olff 
et al. studied 39 chronic PTSD patients and 44 healthy volunteers and 
found that average TSH levels were lower in PTSD patients than in the 
controls after controlling for sex, age, BMI, and smoking, suggesting 
enhanced negative feedback from thyroid hormones [16].  These 
discrepant TSH data may be attributable to a number of potential 
confounders, including variable coping mechanisms, types of trauma, 
or other comorbidities.

In effort to sort out these discrepant TSH findings, Wang et al. 
identified a positive correlation between levels of Total Triiodothyronine 
(TT3), Free T3 (FT3), and Total Thyroxine (TT4) and the frequency 
of PTSD symptoms [30].  The most significant relationship was 
observed between a measure of current PTSD symptoms (e.g., CAPS-
2 hyperarousal scores) and TT3.  The authors suggest that these results 
might indicate a “high thyroid, high hyperarousal” PTSD subtype, or 
alternatively, might suggest a “high thyroid, high hyperarousal” phase 
in the course of PTSD.  Similarly, Wang and Mason found elevations in 
serum FT3 levels and PTSD symptoms among World War II veterans, 
as shown in Figure 3.  Specifically, they found a significant positive 
relationship between TT3 and FT3 and PTSD hyperarousal symptoms 
[31].  A multivariate analysis including all thyroid measures showed 
a significant overall difference between the PTSD group and the 
control group, with significant elevations of serum TT3, FT3, and 
the TT3/FT4 ratio in the World War II PTSD group as compared to 

the control subjects.  No significant mean differences were found in 
levels of TT4, FT4, thyroid binding globulin (TBG), or TSH between 
the groups.  Importantly, the observed alterations of thyroid function 
in conjunction with PTSD symptoms appear to be chronic and 
detectable more than 50 years after the war. These data show that the 
dominant finding among PTSD patients is elevated T3, and when 
taken in the context of the data previously presented, is consistent with 
in accordance with a poorly attenuated sympathetic nervous system 
that leads to greater systemic arousal. 
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Figure 3:  Mean Free T3, Free T4, and TSH concentrations in 12 World War II veterans 
with PTSD (solid bars) as compared to 18 healthy, age matched control subjects (stippled 
bars).  Adapted from Wang et al. [31].  

Karlović et al. found significantly higher concentrations of TT3 
compared to a control group in their study of 43 male Croatian soldiers 
with combat-related chronic PTSD and 39 healthy men [32].  There 
was a significant correlation between TT3 levels and the number of 
traumatic events experienced in both the overall PTSD group and in 
those with PTSD and comorbid alcohol dependence.  Additionally, 
soldiers with chronic combat-related PTSD, with or without comorbid 
alcohol addiction, had significantly higher values of TT3 than controls. 
There was a significant correlation between TT3 levels and symptoms 
of increased arousal in both of the above groups.  Mason et al. similarly 
evaluated 96 American combat veterans and 24 healthy controls [33], 
and they found moderately elevated TT4 levels (but not FT4 levels), 
as well as elevations in both TT3 and FT3, and elevated T3/T4 ratios 
among combat veterans with PTSD.  They also found increases in TBG 
levels, but no difference in TSH levels.  This same group conducted 
another study that compared thyroid hormone levels between Israeli 
combat veterans with PTSD and American combat veterans with 
PTSD and compared both groups to an unaffected group of combat 
veterans without PTSD. They found significantly higher mean TT3 
levels among the veterans of both cultures with PTSD compared to 
the unaffected control group, but there was no significant difference 
found between TT3 levels when comparing the results of the Israeli 
combat veterans with PTSD to the American combat veterans with 
PTSD [34]. These data raise the question whether there are cross-
cultural or ethnic confounders to the findings of elevated T3 among 
PTSD patients. 

In summary, patients with either a distant history of PTSD or a 
more recent PTSD diagnosis appear to have significant alterations in 
the pituitary-thyroid axis.  An elevation of T3 is the most consistent 
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finding, and this elevation appears to be correlated with the common 
symptom of hyperarousal.  Alterations in the feedback of thyroid 
hormone on TSH secretion also appears to be common in patients 
with PTSD.  

C.	 Prolactin

Although prolactin is a well-recognized stress-response hormone, 
little research has been done examining prolactin concentrations in 
individuals with PTSD [35, 36].  Vidović et al. measured prolactin levels 
in 39 Croatian war veterans with PTSD and 25 healthy volunteers on 
two occasions approximately 6 years apart and found prolactin levels 
were significantly higher in the PTSD subjects at both assessments 
[35].  Grossman et al. studied veterans exposed to combat with and 
without PTSD, as well as healthy controls, and found that both groups 
of veterans, with and without PTSD, demonstrated significantly greater 
prolactin suppression in response to dexamethasone as compared to 
healthy control participants [36].  The authors suggest that perhaps 
the increased suppression of prolactin is associated with combat 
exposure rather than with PTSD.  Olff et al. reported significantly 
lower basal prolactin concentrations in patients with PTSD compared 
to healthy volunteers, and although this finding was not affected by 
adjustment for depression, smoking, BMI or demographic variables, 
adjustment for age did obviate the observation, with prolactin levels 
being significantly lower in the older participants [16].  Dinan et al. 
reported no significant difference in prolactin between female patients 
with PTSD and healthy controls, suggesting normal functioning of 
the 5-Hydroxytryptophan (5-HT) receptor system [37].  In summary, 
there is no consensus that the regulation of prolactin is routinely 
disrupted in PTSD. 

D.	 Somatostatin and Growth Hormone:

There are a limited number of studies examining serum growth 
hormone (GH) and GH regulation in patients with PTSD.  Van Liempt 
et al. assessed nocturnal GH secretion in 13 veterans with PTSD, 
15 unaffected trauma controls, and 15 healthy controls [38].  They 
reported that plasma GH was significantly reduced in the PTSD group 
compared to healthy controls.  The authors also reported a correlation 
between sleep fragmentation, which was more common in the PTSD 
subjects, and GH secretion.  When given a memory test before and after 
sleep, the veterans with PTSD who awoke more frequently during the 
night and who had lower GH secretion were able to remember fewer 
words during the test.  This suggests that sleep dependent memory 
may be interrupted by frequent awakenings and/or reduced secretion 
of GH.  After an earthquake in Northern China, Song et al. assessed 
earthquake survivors with PTSD, subclinical PTSD (i.e., subjects who 
met all but the severity criterion of a DSM-IV diagnosis of PTSD), 
and healthy controls.  The survivors with PTSD, but not those with 
subclinical PTSD, had significantly higher serum GH levels than did 
the healthy controls.  There was no statistically significant difference in 
GH levels between the PTSD participants and those with subclinical 
PTSD [20].  As previously discussed, Goenjian et al. examined 8th 
grade students who lived near the epicenter of an earthquake in 
Spitak, Armenia, as well as others who were from the periphery of 
the earthquake zone in Yerevan, and they found significantly higher 

pre-exercise concentrations of GH in the group from Spitak compared 
to the group from Yerevan [15]. In general, these discrepant data do 
not support meaningful patterns of GH dysregulation among PTSD 
patients at this time.

Morris et al. explored the GH response to clonidine stimulation 
testing in subjects with combat-related PTSD but without depression, 
PTSD plus depression, and healthy veteran controls, and they found 
a significantly blunted GH response in the patients with PTSD 
without depression [39], but the GH response to clonidine among 
combat veterans with depression was not different from that of 
control subjects. Conversely, Dinan et al. studied the GH response 
to stimulation with desipramine and found no significant difference 
between female trauma patients with PTSD and unaffected control 
subjects [37]. These two studies also show discrepancy in GH patterns 
and fail to demonstrate the statistical significance of their findings.

To examine the question of growth hormone’s role in PTSD 
in a different way, Bremner et al. examined somatostatin, a well-
documented endogenous inhibitor of GH secretion.  Their study 
reported higher CSF somatostatin concentrations in PTSD patients 
than in control subjects without PTSD, and further, that CSF 
concentrations of somatostatin were significantly correlated to CSF 
CRH concentrations in Vietnam combat veterans but not in healthy 
controls [5]. These data appear to extend the previously discussed 
findings pertaining to paradoxically elevated CSF CRH levels. 

In summary, higher CSF concentrations of somatostatin and 
blunted responses to GH stimulation testing among patients with 
PTSD suggest that dysregulation of GH secretion may be associated 
with the diagnosis of PTSD, but the role of this dysregulation in the 
etiology or pathogenesis of the condition remains unclear. 

E.	 Other Hormones (Oxytocin, Vasopressin, Testosterone) 

Very little research has been done to explore the relationship 
between oxytocin and PTSD.  Heim et al. examined women who 
experienced different severities of childhood abuse and found 
that decreased CSF oxytocin concentrations were associated with 
maltreatment and emotional abuse.  Not all of the women in this 
study had PTSD, however, and when examined, it was found that CSF 
oxytocin levels were not associated with PTSD [40]. Research into the 
potential therapeutic effects of oxytocin as a memory enhancer and as 
a hormone that evokes a “sense of safety” in settings other than PTSD, 
is only in its infancy [41,42].

There is also a dearth of research exploring the relationship 
between Vasopressin and PTSD.  Pitman, Orr and Lasko examined the 
effects of intranasal vasopressin on the heart rate, skin conductance, 
and lateral frontalis electromyographic (EMG) responses during 
personal combat imagery among 43 Vietnam veterans with PTSD in a 
double-blind, placebo controlled study, and found that vasopressin had 
a specific effect on EMG responses [41].  Specifically, lateral frontalis 
reactivity was greater during the viewing of personal combat imagery 
with vasopressin than with either placebo or oxytocin administration. 
The authors summarize that the findings are consistent with a potential 
role for stress hormones in PTSD symptomatology, but that the lack of 
a control group without PTSD prohibits firm conclusions. 
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Literature on testosterone concentrations in male patients with 
PTSD has yielded mixed results, with some literature reporting 
elevated testosterone concentrations among males with PTSD, but 
other reports finding no statistically significant relationship.  As shown 
in Figure 4, Karlović et al. studied four groups of patients: 17 combat 
soldiers with PTSD and no comorbid psychiatric disorders, 31 combat 
soldiers with PTSD and comorbid alcohol dependence, 18 combat 
soldiers with PTSD and comorbid major depression, and 34 healthy 
control combat soldiers without PTSD or other psychiatric disorders 
[43].  Analysis by ANCOVA found that patients with “pure” PTSD had 
significantly higher serum testosterone concentrations as compared 
to patients who had PTSD combined with depression or alcohol 
dependence.  Importantly, the entire group of PTSD subjects, without 
considering comorbid conditions, showed no significant differences 
in basal serum testosterone concentrations as compared to control 
subjects.  Mason et al. longitudinally evaluated androgen levels among 
individuals being treated as inpatients for PTSD, major depression, 
bipolar disorder, or paranoid schizophrenia, as well as 24 healthy 
male control subjects [44].  They found that the patients with PTSD 
had significantly higher basal serum testosterone levels compared to 
patients with major depressive disorder or bipolar disorder at all test 
points.  At the last testing point, the PTSD group also had a statistically 
higher serum testosterone level than the control group.  The PTSD 
group and the group with paranoid schizophrenia did not significantly 
differ with the group who had major depression at any time.
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Figure 4:  Approximate median fasting morning concentrations of total testosterone 
among patients with combat-related PTSD with and without comorbid conditions as com-
pared with healthy control combatants.  Adapted from Karlovic et al. [43].

Conversely, Spivak et al. found no statistically significant difference 
in morning testosterone levels between chronically untreated PTSD 
subjects and healthy control subjects.  The participants included 21 
Israeli combat veterans with PTSD and 18 healthy Israeli males with 
some combat exposure but no PTSD.  The authors suggest that a 
possible explanation for the difference between their findings and the 
findings of others may relate to the greater severity of PTSD in these 
untreated subjects [45]. 

In summary, although certain subgroups of subjects with PTSD 
appear to have increased concentrations of testosterone compared 
to other subgroups, there are not consistently increased levels of 
testosterone among male PTSD patients as compared to healthy 
control subjects in observational studies.  Although potentially 
promising, the therapeutic efficacy of treating PTSD patients with 
oxytocin agonists, vasopressin, or anti-androgen therapy, remains to 
be established.  

Part 2: Caution Surrounding Assay Methodologies 
and Critical Review of the Literature 

Schumacher et al. stress the need for critical interpretation on the 
part of the reader in the context of the relationship between hormonal 
perturbations and PTSD [46]. They underscore the necessity for using 
well-validated assays in any study in which hormone concentrations 
are a critical component. Moreover, the DSM has undergone serial 
updates since PTSD achieved its formal diagnosis classification in 
1980, and this evolution may affect sample selection among older 
studies. Secondly, there are a wide variety of self-assessment tools for 
PTSD, and responses to these instruments will vary across countries, 
cultures and languages, and the instruments themselves will undergo 
revisions through the years. Thus, the methods of assessment in 
1980 may bear little resemblance to methods used today. Moreover, 
techniques for monitoring hormone dynamics in 2016 are more 
precise than they were 36 years ago. All of these factors must be 
considered when interpreting data that span decades and cultural or 
geographical boundaries. Thus, it is important that the reader carefully 
consider research data to tease out important confounders, especially 
as new data and improved assays become available.

Schumacher et al. go on to declare that “gas or liquid chromatography 
(GC or LC) that is coupled to tandem mass spectrometry (MS) 
represent the gold standards” for accurate and sensitive analyses of 
steroids, but they acknowledge that this methodology is associated 
with high cost [46]. The tandem GC/MS technique markedly reduces 
molecular interference and background noise. In instances where 
multiple steroid isomers have similar MS profiles, the preceding 
chromatography should have already separated these isomers into 
different strata.  Unfortunately, the utility of radioimmunoassays 
(RIA) that have been employed since the 1970s are limited because 
steroid hormones have low molecular weights and are not especially 
immunogenic, and the use of validated RIAs that are preceded by 
specific purification and separation steps has decreased over time, in 
favor of the use of frequently unvalidated commercial kits due to ease 
of use. Furthermore, publication requirements on the part of reference 
journals have become less strict, so the burden of validation ultimately 
lies on the reader’s attention to the RIA procedures that are published. 
The authors urge caution when a study’s assay methodology is not 
described in detail. 

Yehuda noted that cortisol measured in a single venous sample 
is not a reliable estimate of basal cortisol dynamics, especially if the 
process of venipuncture (or anticipation thereof) induces transient 
fluctuations of the hormone [12]. The advent of salivary or hair 
cortisol sampling offer two ways to address the confounder of acute 
sampling-related stress. Another strategy is to obtain serial venous 
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samples via IV catheter and allow patients to recover from the acute 
stress of IV placement prior to sampling. It is given that every study has 
limitations, ranging from small study sizes, gender differences, variable 
types of trauma, comorbid depression, substance abuse, unidentified 
confounders, mishandled samples, or medication regimens may impact 
interpretation and external validity of results [21,47].  In sum, it is 
reasonable to consider that confounding variables will be a significant 
factor when considering the complex and poorly understood nature of 
psychiatric disease [47-58]. 

Summary and Conclusions

In this report, we reviewed 58 studies published between 1985 
and 2016 that examined the hormonal dynamics of PTSD and their 
potential implications for novel therapeutics in the treatment of PTSD.  
With respect to the HPA Axis, the majority of research supports the 
finding of lower cortisol levels and an impaired negative feedback 
mechanism (as evidenced by enhanced ACTH suppression following 
dexamethasone administration) that may be rooted in decreased CRH 
secretion. This suggests a potential future treatment that targets CRH1 
receptors with, for example, a long-acting CRH analogue.  

Multiple studies demonstrate that norepinephrine levels are 
elevated in patients with PTSD compared to healthy controls, 
supporting the concept of “adrenal overdrive” in such patients. Only 
one study shows an elevation in both epinephrine and norepinephrine. 

There also appears to be a consistent alteration in the pituitary-
thyroid axis, with elevated T3 levels being the most typical finding, 
and this elevation consistently correlates with hyperarousal symptoms.  
Alterations in the feedback of thyroid hormone on TSH secretion may 
also be operative in patients with PTSD, as these patients are more 
likely to show TSH on the low end of the normal range. 

While there is no consistent alteration in prolactin levels in 
individuals with PTSD, there are higher CSF concentrations of both 
somatostatin and blunted responses to GH stimulation testing among 
patients with PTSD. This suggests that dysregulation of GH secretion 
may be associated with the diagnosis of PTSD, but the role of this 
dysregulation in the etiology or pathogenesis of the condition remains 
unknown. Finally, although certain subgroups of subjects with PTSD 
may have increased concentrations of testosterone compared to other 
subgroups, there are not consistently increased levels of testosterone 
among PTSD patients as compared to healthy controls.  Although 
promising, the therapeutic potential of oxytocin agonists, or with 
testosterone or vasopressin antagonists, remains to be established. 

Overall the neuroendocrine patterns observed over time suggest 
a complex interplay among the adrenal axis, thyroid hormones, 
catecholamines and somatostatin, but additional work is required to 
elucidate potential targets for therapy. In short, the pathophysiology of 
PTSD and its relationship to neuroendocrine dysregulation function 
is a multifactorial and dynamic process that exists on a spectrum with 
other psychiatric and organic dysfunctions. The concept of being able 
to understand PTSD as an isolated entity is probably unrealistic and 
counterintuitive to the needs of treating the whole person. However, 
accumulating evidence is showing that the cornerstones of hormonal 

dysregulation (summarized in Table 1) may provide an important 
framework for determining how to mitigate the effects of exposure to 
trauma and how to optimize plan management practices in the future. 

Table 1. Summary of comparisons obtained from this literature review of hormone abnor-
malities related to PTSD as compared to controls. Blank cells indicate no data available. 
A dash ( - ) indicates that data showed no differences.  

Hormone Plasma CSF Urine Saliva Hair References

TSH  15, 29

FT4 - 15, 29

FT3  15, 29-32

TT4  15, 29, 32

TT3  15, 29-33

PRL  35

Estrogen
(FM only)  66

Progesterone 
(FM only)  66

Testosterone
(M only)  42 - 44

CRH 
6, 8, 10, 11, 14-16, 
64, 67, 69

ACTH 
9, 10, 11, 14, 15, 
16, 64

Cortisol    
7, 11-17, 19, 20, 
22-24, 36, 46, 48, 
64, 70

Somatostatin  4

GH/IGF-1  19, 36-38, 61

Oxytocin - 39, 40, 41

Vasopressin - 40

Norepinephrine    20, 25-28, 46

Epinephrine  20, 28, 46

List of Abbreviations

5-HT: 5-Hydroxytryptophan

ACTH: Adrenocorticotropic Hormone

ADHD: Attention Deficit Hyperactivity Disorder

ANCOVA: Analysis of Covariance

BMI: Body Mass Index

CAPS-2: Clinician Administered PTSD Scale, v. 2

CBG: Corticotropin Binding Globulin

CRH: Corticotropin Releasing Hormone

CSF: Cerebrospinal Fluid

DSM-III: Diagnostic and Statistical Manual, v. 3

DSM-IV: Diagnositic and Statistical Manual, v. 4

EMG: Electromyography

FSH: Follicle Stimulating Hormone

FT3: Free T3
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FT4: Free T4

GC: Gas Chromatography

GH: Growth Hormone

HCC: Hair Cortisol Concentration

HPA: Hypothalamic-Pituitary-Adrenal

LC: Liquid Chromatography

LH: Leutinizing Hormone

LITE-PR: Lifetime Incidence of Traumatic Events-Parent Report

NATO: North Atlantic Treaty Organization

NET: Norepinephrine Transporter

PCL-C: PTSD Check List-Civilian Version

PCL-M: PTSD Check List-Military Version

PRL: Prolactin

PTSD: Post-Traumatic Stress Disorder

PVN: Paraventricular Nucleus

RIA: Radioimmunoassay

SCID: Structured Clinical Interview for DSM-IV

SCL-90-R: Symptom Check List-Revised

SNS: Sympathetic Nervous System

T3: Tri-iodothyronine

T4: Thyroxine

TBG: Thyrotropin Binding Globulin

TSH: Thyroid Stimulating Hormone

TT3: Total T3

TT4: Total T4

UN: United Nations
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