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Abstract This chapter discussed how neuroendocrine findings in posttraumatic stress dis-
order (PTSD) potentially inform hypothalamic-pituitary-adrenal (HPA) alterations in PTSD
and highlight alterations relevant to the identification of targets for drug development. Most
studies demonstrate alterations consistent with an enhanced negative feedback inhibition
of cortisol on the pituitary, an overall hyperreactivity of other target tissues (adrenal gland,
hypothalamus), or both in PTSD. However, findings of low cortisol and increased reactivity
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of the pituitary in PTSD are also consistent with reduced adrenal output. The observations in
PTSD are part of a growing body of neuroendocrine data providing evidence of insufficient
glucocorticoid signaling in stress-related neuropsychiatric disorders.

Keywords Posttraumatic stress disorder · Cortisol · Neuroendocrine alterations ·
Negative feedback inhibition · Glucocorticoid receptors · CRF

1
Introduction

The development of drugs that might be effective in treating anxiety disorders
in part depends on the ability of clinical neuroscience to identify biologic al-
terations that might serve as targets for drug development. Unfortunately, an
observable biologic change—even one that is directly correlated with severity
of symptoms or the absence or presence of a disorder—does not always con-
stitute a core pathophysiologic process requiring biologic “repair.” Biologic
alterations may be present in specific anxiety disorders because they are cor-
relates or proxies for other pathophysiologic processes, or even because they
represent compensatory mechanisms of adaptation.

The study of the neuroendocrinology of posttraumatic stress disorder
(PTSD) has been illuminating in highlighting alterations that have not his-
torically been associated with pathologic processes. The most infamous of
these findings—low cortisol levels—has been subjected to much discussion
and scrutiny, likely because it has been a counterintuitive result, given modern
interpretations of the damaging effects of stress hormones. Indeed, the initial
observation of low cortisol in a disorder precipitated by extreme stress directly
contradicted the popular formulation of hormonal responses to stress, the
“glucocorticoid cascade hypothesis” (Sapolsky 1986), which was emerging as
a cogent rationale for antiglucocorticoid treatments in depression, and other
psychiatric disorders thought to be driven by hypercortisolism.

This chapter discusses how cortisol findings in PTSD potentially inform
hypothalamic–pituitary–adrenal (HPA) alterations in PTSD and highlights
what might be true targets of drug development. The observations in PTSD
are part of a growing body of neuroendocrine data providing evidence of in-
sufficient glucocorticoid signaling in stress-related neuropsychiatric disorders
(Raison and Miller 2003). The majority of studies demonstrates alterations
consistent with an enhanced negative feedback inhibition of cortisol on the
pituitary, an overall hyperreactivity of other target tissues (adrenal gland,
hypothalamus), or both in PTSD. This model explains most of the reported
observations in PTSD. Theoretically, however, findings of low cortisol and in-
creased reactivity of the pituitary in PTSD are also consistent with reduced
adrenal output (Maes et al. 1998; Heim et al. 2000), but this latter model is only
supported by the minority of HPA alterations observed in PTSD.
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It may be that models of enhanced negative feedback, increased HPA re-
activity, and reduced adrenal capacity explain different facets of the neu-
roendocrinology of PTSD, or that the tendency for reduced adrenal output
may represent a pre-existing risk factor related to certain types of early ex-
periences, at least in certain persons who develop PTSD. On the other hand,
alterations associated with enhanced negative feedback inhibition may develop
over time in response to the complex biologic demands of extreme trauma and
its aftermath. Moreover, the findings of increased HPA reactivity may reflect
a more nonspecific response to ongoing environmental challenges associated
with having chronic PTSD. Furthermore, the absence of cortisol alterations in
some studies imply that alterations associated with low cortisol and enhanced
negative feedback are only present in a biologic subtype of PTSD. The observa-
tions in the aggregate, and the alternative models of pathology or adaptation
suggested by them, must be clearly understood in using neuroendocrine data
in PTSD to identify targets for drug development.

2
Basal HPA Hormone Levels in PTSD

The first report on cortisol levels in PTSD was that of Mason et al. who found
that the mean 24-h urinary excretion of cortisol was significantly lower in
combat Vietnam veterans with PTSD compared to psychiatric patients in four
other diagnostic groups (Mason et al. 1986). The authors noted surprise at
the fact that cortisol levels were low, since “certain clinical features such as
depression and anxiety [in PTSD] might have been expected to be associated
with increased activity of the pituitary-adrenal cortical system.” Since this
initial observation, the majority of the evidence supports the conclusion that
cortisol alterations in PTSD are different from those observed in acute and
chronic stress, and major depression, but more importantly, that the HPA axis
appears to be regulated differently.

2.1
Urinary Cortisol Levels in PTSD

The initial report of sustained, lower urinary cortisol levels in PTSD high-
lighted the disassociation between cortisol and catecholamine levels in PTSD.
Norepinephrine and epinephrine levels assayed from the same urine speci-
mens revealed elevations in both of these catecholamines, while cortisol levels
in PTSD fell within the “normal range” of 20–90 µg/day, indicating that the
alteration was not in the “hypoadrenal” or endocrinopathologic range (Mason
et al. 1986). This finding established the expectation that alterations in basal
levels of cortisol might be subtle, and not easily differentiated from normal
values (Mason et al. 1986).
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Table 1 shows that this is in fact the case. Whereas the majority of stud-
ies has found evidence of low cortisol in PTSD, it is clear that group dif-
ferences are not always present between subjects with and without PTSD.
The inconsistency in published reports examining urinary 24-h cortisol levels
has been widely noted. There are numerous sources of potential variability
in such studies related to the selection of subjects and comparison groups,
adequate sample size, and sample inclusion/exclusion criteria, as well as con-
siderations that are specific to the methods of collecting and assaying cor-
tisol levels, that can explain the discrepant finding. However, the simplest
explanation for disparate observations is that cortisol levels can show day
to day fluctuations, making it difficult to consistently observe group differ-
ences.

Table1 Summary of data from studies of 24-h urinary cortisol excretion in adults with PTSD

Author(s), year Trauma Trauma Normal Psychiatric

survivors with w/out PTSD comparison comparison

PTSD Cortisol Cortisol Cortisol Cortisol

µg/day (n) µg/day (n) µg/day (n) µg/day (n)

Mason et al. 1986* 33.3 (9) 48.5 (35)

Kosten et al. 1990* 50.0 (11) 55.0 (28) 70.0 (18)

Pitman and Orr
1990**

107.3 (20) 80.5 (15)

Yehuda et al. 1990* 40.9 (16) 62.8 (16)

Yehuda et al. 1993a* 38.6 (8) 69.4 (32)

Yehuda et al. 1995b* 32.6 (22) 62.7 (25) 51.9 (15)

Lemieux and Coe
1995**

111.8 (11) 83.1 (8) 87.8 (9)

Maes et al. 1998** 840.0 (10) 118 (17) 591.0 (10)

Thaller et al. 1999* 130.9 (34) 213.9 (17)

Baker et al. 1999 84.4 (11) 76.2 (12)

DeBellis et al. 1999** 57.3 (18) 43.6 (24) 56.0 (10)

Yehuda et al. 2000* 48.3 (22) 65.1 (15)

Rasmusson et al.
2001

42.8 (12) 34.6 (8)

Glover and Poland
2001*a

9.8 (14) 16.5 (7) 12.8 (8)

*Denotes findings in which cortisol levels were significantly lower than comparison
subjects, or, in the case of Kosten et al., from depression only. **Denotes findings in which
cortisol levels were significantly higher than comparison subjects. aResults are from a 12-h
rather than 24-h urine collection and are expressed as µg/12 h.
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2.2
Cortisol Levels Over the Diurnal Cycle in PTSD

Among the many potential methodologic problems associated with 24-h urine
collections is the possibility that persons who are asked to collect 24-h samples
at home may not provide complete collections. To the extent that there may be
a systematic bias in protocol nonadherence between subjects with and without
PTSD, in that the former might be more likely to miss collections than the
latter, this could contribute to observed low cortisol levels. One of the initial
rationales for performing a comprehensive circadian rhythm analysis was to
corroborate and extend findings from the 24-h urine excretion studies and
those using single-point estimates (Yehuda et al. 1990). An initial study of cir-
cadian parameters in PTSD was conducted by obtaining 49 consecutive blood
samples from three groups of subjects—Vietnam combat veterans with PTSD,
subjects (largely veterans) with major depression, and non-psychiatric com-
parison subjects—every 30 min over a 24-h period under carefully controlled
laboratory conditions.

Mean basal cortisol release was found to be significantly lower in the PTSD,
and cortisol levels were also reduced, at several points during the circadian
period, primarily in the late evening and early morning hours compared to
the other groups. The major difference between PTSD and non-PTSD groups
was that cortisol levels were lower in the late night and very early a.m., and
remained lower for a longer period of time in PTSD during hours when sub-
jects are normally sleeping. By the time of awakening, the peak cortisol re-
lease, was comparable in PTSD subjects and age-matched subjects. In a second
study, these findings were replicated and extended in a sample of 52 women
with and without a history of early childhood sexual abuse and PTSD. Cor-
tisol levels obtained every 15 min over a 24-h period demonstrated signifi-
cantly low cortisol levels, this time in the afternoon and evening hours in the
PTSD group.

Thaller et al. also reported that PTSD subjects seemed to show a greater dy-
namic range as evidenced by a greater disparity between 8:00 a.m. and 5:00 p.m.
cortisol levels compared to those of normal controls (Thaller et al. 1999). In
PTSD, mean cortisol levels were 21.6 µg/dl in the a.m. and 8.8 µg/dl in the p.m.
compared to 21.4 µg/dl in the a.m. and 14.6 µg/dl at 5:00 p.m. for compari-
son subjects. These findings are consistent with those obtained from the more
comprehensive circadian rhythm analysis, indicating that cortisol levels are
comparable at their peak, but lower at the nadir in PTSD. In contrast, Hoffman
et al. also reported a greater a.m. to p.m. decline in PTSD, but in this case
subjects with PTSD went from 18.2 µg/dl to 10.1 µg/dl, compared to control
subjects who diminished from 14.1 µg/dl to 9.9 µg/dl (Hoffman et al. 1989).

InYehudaet al., the rawcortisol datawere then subjected to single andmulti-
oscillator cosinor analyses to determine circadian rhythm parameters (Yehuda
et al. 1996b). An increased amplitude-to-mesor (midline estimating statistic of
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rhythm) ratio reflected the fact that PTSD subjects displayed a greater dynamic
range of cortisol compared to controls. That is, although the cortisol peak
among individuals without PTSD was not statistically different from the peak
among individuals with PTSD, the lower trough among those with PTSD, and
the longer period spent at the nadir, resulted in a decreased mesor. Considering
differences in thepeakof cortisol relative to themesoralsoprovides anestimate
of the “signal-to-noise” ratio of the system. In contrast, depressed patients
showed a less dynamic circadian release of cortisol, reflected in an increased
mesor of cortisol release over the 24-h cycle, a decreased amplitude-to-mesor
ratio, and an elevated trough (Yehuda et al. 1996b). These findings suggest that
the main feature of basal cortisol release in PTSD is potential for a greater
reactivity of the system.

2.3
Cortisol Levels in Response to Stress

The potential significance of the findings of an increased range of cortisol is
that the HPA axis may be maximally responsive to stress-related cues in PTSD,
whereas major depressive disorder may reflect a condition of minimal respon-
siveness to the environment. That is, an enhanced amplitude-to-mesor ratio
describes a system with particularly low background activity and, accordingly,
a potentially increased capacity to respond to environmental cues. In support
of this, Liberzon et al. observed an increased cortisol [but not increased cor-
ticotrophin (ACTH)] response in combat veterans with PTSD compared to
controls who were exposed to white noise and combat sounds (Liberzon et al.
1999). Elizinga et al. also observed that women with PTSD related to childhood
abuse had substantially higher salivary cortisol levels in response to hearing
scripts related to their childhood experiences compared to controls, who had
relatively lower cortisol levels in response to hearing scripts of other people’s
traumatic stories (Elzinga et al. 2003). Similarly, Bremner et al. also observed
an increased salivary cortisol response in anticipation of a cognitive challenge
test relative to controls in women with PTSD related to childhood abuse (these
were a subset of the same women in whom plasma cortisol levels had been low
at baseline) (Bremner et al. 2003a). The authors suggest that although cortisol
levels were found low at baseline, there did not appear to be an impairment
in the cortisol response to stressors in PTSD. These studies demonstrate tran-
sient increases in cortisol levels that are consistent with the notion of a more
generalized HPA axis reactivity in PTSD.

2.4
Observations About Baseline Cortisol Based on Single Estimates of Plasma or Saliva

Investigationsof singleplasmaandsalivarycortisol levelshavebecome increas-
ingly popular in the last decade given the relative ease in acquiring samples.
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However, the use of a single sampling of cortisol, particularly at a set time of
the day, may not represent an appropriate method for estimating cortisol levels
because of moment-to-moment fluctuations in cortisol levels due to transient
stressors in the environment (including the actual stress of venipuncture or
anticipatory anxiety). Variability in single sampling estimates of cortisol may
also reflect individual variation in sleep cycles. Because cortisol levels steadily
decline from their peak, which is usually observed at 30 min post-awakening
(Hucklebridge et al. 1999), differences in wake-time of several minutes to an
hour may increase the variability substantially.

Table 2 provides a summary of cortisol levels in studies that specifically
obtained 8:00 a.m. cortisol concentrations, and highlights the lack of uniform
findings in relation to cortisol levels, possibly reflecting the above-mentioned
methodologic considerations. Of particular note, however, is Boscarino’s re-
port of low cortisol in a large epidemiologic sample of over 2,000 Vietnam vet-
erans with PTSD compared to those without PTSD, which implies that to con-
sistently observe lowmorning cortisolwould require anextremely large sample
size (Boscarino 1996). The magnitude of difference between PTSD and non-
PTSDsubjects at 8:00a.m.wasverymodest—therewasonly a4%differencebe-
tween veterans with and without current or lifetime PTSD. Cortisol levels were
significantly lower in combat veterans with very high exposure (17.9 µg/day)
compared to those with no or low exposure (19.1 µg/day). The finding of an
inverse relationship between combat exposure severity and 8:00 a.m. cortisol
levels had been reported earlier in a much smaller sample of Vietnam veterans
(Yehuda et al. 1995a).

The use of salivary assessments has helped supply data in studies of children
and adolescents, for whom even a blood draw may be too invasive, and also
helped in our evaluation of longitudinal outcomes. King et al. (2001) observed
significantly low cortisol levels in children aged 5–7 years who had been sexu-
ally abused compared to control subjects. Goenjian et al. (1996) demonstrated
a relationship between low salivary cortisol levels and PTSD symptoms in ado-
lescents exposed to the Armenian earthquake. However, both Lipschitz et al.
(2003) and Carrion et al. (2002) failed to note differences in salivary cortisol
levels at baseline in multiply traumatized adolescents.

Using repeated salivary cortisol assessments in a single individual, Kell-
ner et al. (1997) demonstrated that salivary cortisol decreased dramatically
3 months after a traumatic event, and in the course of further research showed
an inverse relation to fluctuating, but gradually improving PTSD symptoms.
Post-dexamethasone (post-DEX) cortisol was suppressed below the detection
limit early after trauma, and rose again more than 1 year post-trauma. In
a similar case report, Heber et al. demonstrated an increase in basal salivary
cortisol and an increasingly attenuated cortisol response to dexamethasone
(DEX) in PTSD patients who were successfully treated using eye-movement
desensitization reprocessing therapy (EMDR) (Heber et al. 2002), suggesting
some relationship between low cortisol and PTSD symptoms.
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Table 2 Plasma a.m. cortisol levels in PTSD and comparison subjects

Reference Trauma Trauma Normal Psychiatric

survivors with w/out PTSD comparison comparison

PTSD Cortisol Cortisol Cortisol Cortisol

µg/day (n) µg/day (n) µg/day (n) µg/day (n)

Hoffman et al.
1989**

18.2 (21) 14.1 (20)

(23)

Halbreich et al. 1989 7.7 (13) 7.3 (21) 12.3 (MDD)

Yehuda et al. 1991b 14.3 (15) 14.9 (11)

Yehuda et al. 1993b 14.3 (21) 15.1 (12)

Yehuda et al. 1995a* 12.7 (14) 16.4 (12) 15.0 (14)

(14)

Yehuda et al. 1996a# 11.6 (15) 14.2 (15) 12.2 (MDD)

Yehuda et al. 1996a# 11.8 (11) 9.8 (8)

Boscarino 1996* 17.7 (293) 18.4 (2197)

Jensen et al. 1997* 4.6 (7) 8.9 (7) 9.9 (7)

(Panic)

Liberzon et al.
1999**

12.1 (17) 7.9 (11) 9.3 (14)

Thaller et al 1999 21.6 (34) 21.4 (17)

Kellner et al. 2000* 7.8 (8) 13.3 (8)

Kanter et al. 2001*# 7.6 (13) 10.6 (16)

Atmaca et al. 2002** 12.9 (14) 10.7 (14)

Gotovac et al. 2003* 14.4 (28) 17.2 (19)

Seedat et al. 2003* 10.3 (10) 10.6 (12) 13.4 (16)

(45)

Oquendo et al.
2003#*

11.8 (13) 14.8 (24) 16 (MDD)

Lueckeh et al.
2004#*

8.7 (13) 14.4 (47) (Cancer)

Yehuda et al.
2004a,b

#No means reported in the text; data estimated from the figures provided. *Significantly
lower in PTSD than normal comparison. **Significantly higher in PTSD than normal
comparison. MDD, major depressive disorder.
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2.5
Correlates of Cortisol in PTSD

Even in cases where there is failure to find group differences, there are often
correlations within the PTSD group with indices of PTSD symptom severity.
Baker et al. (1999) failed to find group differences between Vietnam veter-
ans with PTSD compared to non-exposed controls, but did report a negative
correlation between 24-h urinary cortisol and PTSD symptoms in combat
veterans. A negative correlation between baseline plasma cortisol levels and
PTSD symptoms, particularly avoidance and hyperarousal symptoms, were
observed in adolescents with PTSD (Goenjian et al. 2003). Rasmusson et al.
(2003) failed to observe a significant difference in urinary cortisol between
premenopausal women with PTSD and healthy women, but noted an inverse
correlationbetweendurationsince the traumaandcortisol levels, implying that
low cortisol is associated with early traumatization. This finding is consisted
with Yehuda and colleagues’ observation of an inverse relationship between
childhood emotional abuse and cortisol levels in adult children of Holocaust
survivors (Yehuda et al. 2002a).

Cortisol levels have also been correlated with findings from brain imag-
ing studies in PTSD. In one report, there was a positive relationship between
cortisol levels and hippocampal acetylaspartate (NAA)—a marker of cell at-
rophy presumed to reflect changes in neuronal density or metabolism—in
subjects with PTSD, suggesting that rather than having neurotoxic effects,
cortisol levels in PTSD may have a trophic effect on the hippocampus (Ney-
lan et al. 2003a). Similarly, cortisol levels in PTSD were negatively corre-
lated with medial temporal lob perfusion, while anterior cingulate perfu-
sion and cortisol levels were positively correlated in PTSD, but negatively
correlated in trauma survivors without PTSD (Bonne et al. 2003b). The au-
thors suggest that the negative correlation may result from an augmented
negative hippocampal effect secondary to increased sensitivity of brain glu-
cocorticoid receptors (GRs), which would account for the inverse correla-
tion in PTSD despite equal cortisol levels in both the PTSD and non-PTSD
groups. On the other hand, the positive correlation between regional cerebral
blood flow in the fronto-cingulate transitional cortex and cortisol levels in
PTSD may reflect unsuccessful attempts of the fronto-cingulate transitional
cortex to terminate the stress response, which has also been linked to low
cortisol.

Cortisol may be related to specific, or state-dependent features of the disor-
der, suchas comorbiddepressionor the timecourseof thedisorder.Masonet al.
(2001) have underscored the importance of examining intrapsychic correlates
of individual differences in cortisol levels in PTSD, and have hypothesized that
cortisol levels in PTSD may be related to different levels of emotional arousal,
and opposing antiarousal disengagement defense mechanisms or other cop-
ing styles. Further, Wang et al. have posited that adrenal activity may change
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over time in a predicted manner reflecting stages of decompensation in PTSD
(Wang et al. 1996).

2.6
CRF Levels in PTSD

There have been three published reports examining the concentration of
corticotrophin-releasing factor (CRF) in cerebrospinal fluid (CSF) in PTSD.
The assessment of CSF CRF does not necessarily provide a good estimate of
hypothalamic CRF release, but rather, an estimate of both hypothalamic and
extrahypothalamic release of this neuropeptide (Yehuda and Nemeroff 1994).
An initial report using a single lumbar puncture indicated that CRF levels
were elevated in combat veterans with PTSD (Bremner et al. 1997). A second
study, examining serial CSF sampling over a 6-h period by means of an in-
dwelling catheter, also reported significantly higher CSF CRF concentrations,
but did not observe a relationship between CRF and 24-h urinary cortisol re-
lease (Baker et al. 1999). A third report demonstrated that PTSD subjects with
psychotic symptoms had significantly higher mean levels of CRF than either
subjects with PTSD without psychotic symptoms or controls subjects (Sautter
et al. 2003).

2.7
ACTH Levels in PTSD

Among the challenges in assessing pituitary activity under basal conditions
is the fact that the normal positive and negative feedback influences on the
pituitary can mask the true activity of this gland. Because the pituitary me-
diates between CRF stimulation from the hypothalamus and the inhibition
of ACTH release resulting from the negative feedback of adrenal corticos-
teroids, baseline ACTH levels may appear to be “normal” even though the pi-
tuitary gland may be receiving excessive stimulation from CRF. In most studies
ACTH levels in PTSD patients were reported to be comparable to non-exposed
subjects.

Themajorityof studieshas reportednodetectibledifferences inACTHlevels
between PTSD and comparison subjects even when cortisol levels obtained
from the same sample were found to be significantly lower. This pattern was
observed in Kellner et al. who reported that cortisol levels were 41% lower,
but that ACTH levels were only 7.4% lower in PTSD compared to normals
(Kellner et al. 2000), and Hockings et al. who showed that cortisol levels
were 12% lower in PTSD but ACTH levels identical to controls (Hockings et al.
1993). Kanter et al. also reported that cortisol levels were substantially lower
in PTSD, while ACTH levels were comparable to controls (Kanter et al. 2001).
In Yehuda et al. cortisol levels were lower at baseline on the placebo day in
PTSD, but not at the baseline time point on the metyrapone day (i.e., prior
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to metyrapone administration) compared to comparison subjects, but ACTH
levels were comparable in both groups on both days (Yehuda et al. 1996a).
Similar data were reported by Neylan et al. (2003a).

Lower cortisol levels in the face of normal ACTH levels can reflect a rel-
atively decreased adrenal output. Yet under circumstances of classic adrenal
insufficiency, there is usually increased ACTH release compared to normal
levels. Thus, in PTSD there may be an additional component of feedback
on the pituitary that is acting to depress ACTH levels, making them ap-
pear normal. Indeed, elevations in ACTH would be expected not only from
a reduced adrenal output but also from increased CRF stimulation (Baker
et al. 1999; Bremner et al. 1997). On the other hand, the adrenal output
in PTSD may be relatively decreased, but not substantially enough to af-
fect ACTH levels. In any event, the “normal” ACTH levels in PTSD in the
context of the other findings suggest a more complex model of the reg-
ulatory influences on the pituitary in this disorder than reduced adrenal
insufficiency.

In contrast to the above-mentioned findings, Hoffman et al. reported that
cortisol levels were 22.5% higher in PTSD, but ACTH was only 4% lower
compared to controls (Hoffman et al. 1989). In this report, mean plasma β-
endorphin (co-localized and released with ACTH) was reported as lower in
PTSD. Liberzon et al. also reported mean cortisol levels to be 33% higher,
but ACTH 31% lower in PTSD compared to controls (Liberzon et al. 1999).
Smith et al. also reported cortisol levels were 48% higher and ACTH 32%
lower in PTSD than controls, but this was in the afternoon (Smith et al. 1989).
Although ACTH levels were not significantly different in PTSD compared to
controls, the increase in cortisol relative to ACTH is reminiscent of classic
models of HPA dysregulation in depression where there is hypercortisolism
but a reduced ACTH negative feedback inhibition. Rasmusson et al. (2001)
demonstrated a 13% increase in cortisol with no differences in ACTH in PTSD
at 8:00 p.m., which is consistent with the idea of an overall, but somewhat mild,
HPA hyperactivity.

2.8
Corticosteroid Binding Globulin

Kanter et al. reported an increase concentration of the corticosteroid bind-
ing globulin (CBG) (Kanter et al. 2001). Most cortisol is bound to CBG, and
is biologically inactive. A greater concentration of CBG is consistent with
low levels of measurable free cortisol, and provides a putative explanation
for how cortisol levels could be measurably low even though other aspects
of HPA axis functioning do not seem hypoactive. However, the extent to
which CBG levels are a contributing cause of low cortisol requires further
examination.



382 R. Yehuda

3
Glucocorticoid Receptors in PTSD

Type II GRs are expressed in ACTH- and CRF-producing neurons of the pitu-
itary, hypothalamus, and hippocampus, and mediate most systemic glucocor-
ticoid effects, particularly those related to stress responsiveness (deKloet et al.
1991). Low circulating levels of a hormone or neurotransmitter can result in
increased numbers of available receptors (Sapolsky et al. 1984) that improve
response capacity and facilitate homeostasis. However, alterations in the num-
ber and sensitivity of both type I (mineralocorticoid) and type II GRs can
also significantly influence HPA axis activity, and in particular, can regulate
hormone levels by mediating the strength of negative feedback (Svec 1985;
Holsboer et al. 2000).

Lymphocyte and brain GRs have been found to share similar regulatory
and binding characteristics (Lowy 1989). A greater number of 8:00 a.m., but
not 4:00 p.m., mononuclear leukocytes (presumably lymphocyte) type II GRs
was reported in Vietnam veterans with PTSD compared to a normal com-
parison group (Yehuda et al. 1991b). Subsequently, Yehuda et al. reported an
inverse relationship between 24-h urinary cortisol excretion and lymphocyte
GR number in PTSD and depression (i.e., low cortisol and increased receptor
levels were observed in PTSD, whereas in major depressive disorder, elevated
cortisol and reduced receptor number were observed) (Yehuda et al. 1993a).
Although it is not clear whether alterations in GR number reflect an adap-
tation to low cortisol levels or some other alteration, the observation of an
increased number of lymphocyte GRs provided the basis for the hypothesis of
an increased negative feedback inhibition of cortisol secondary to increased
receptor sensitivity (Yehuda et al. 1995a).

Following the administration of a 0.25-mg dose of DEX, it was possible to
observe that the cortisol response was accompanied by a concurrent decline
in the number of cytosolic lymphocyte receptors (Yehuda et al. 1995a). This
finding contrasted with the observation of a reduced decline in the number of
cytosolic lymphocyte receptors in major depression, implying that the reduced
cortisol levels following DEX administration may reflect an enhanced negative
feedback inhibition in PTSD (Gormley et al. 1985).

Observations regarding the cellular immune response in PTSD are also
consistent with enhanced GR responsiveness in the periphery. In one study,
beclomethasone-induced vasoconstriction was increased in women PTSD sub-
jects compared to healthy, non-trauma-exposed comparison subjects (Coup-
land et al. 2003). Similarly, an enhanced delayed-type hypersensitivity of skin
test responses was observed in women who survived childhood sexual abuse
vs those who did not (Altemus et al. 2003). Because immune responses, like
endocrine ones, can be multiply regulated, these studies provide only indirect
evidence of GR responsiveness. However, when considered in the context of
the observation that PTSD patients showed increased expression of the re-
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ceptors in all lymphocyte subpopulations, despite a relatively low quantity of
intracellular GR as determined by flow cytometry, and in the face of lower am-
bient cortisol levels (Gotovac et al. 2003), the findings convincingly support an
enhanced sensitivity of the GR to glucocorticoids. Furthermore, Kellner et al.
reported an absence of alterations of the mineralocorticoid receptor in PTSD as
investigated by examining the cortisol and ACTH response to spironolactone
following CRF stimulation (Kellner et al. 2002a).

Finally, a recent study provided the first demonstration of an alteration in
target tissue sensitivity inglucocorticoidsusingan invitroparadigm.Mononu-
clear leukocytes isolated from the blood of 26 men with PTSD and 18 men with-
out PTSD were incubated with a series of concentrations of DEX to determine
the rate of inhibition of lysozyme activity; a portion of cells was frozen for the
determination of GRs. Subjects with PTSD showed evidence of a greater sen-
sitivity to glucocorticoids as reflected by a significantly lower mean lysozyme
IC50-DEX (nM). The lysozyme IC50-DEX was significantly correlated with age at
exposure to the first traumatic event in subjects with PTSD. The number of
cytosolic GRs was correlated with age at exposure to the focal traumatic event
(Yehuda et al., in press).

4
Cortisol and ACTH Responses to Neuroendocrine Challenge

4.1
The Dexamethasone Suppression Test in PTSD

In contrast to observations regarding ambient cortisol and ACTH levels, re-
sults using the DEX suppression test (DST) have presented a more consistent
view of reduced cortisol suppression in response to DEX administration. The
DST provides a direct test of the effects of GR activation in the pituitary on
ACTH secretion, and cortisol levels following DEX administration are thus in-
terpreted an estimate of the strength of negative feedback inhibition, provided
that the adrenal response to ACTH is not altered. There are several hundred
published studies reporting on the use of the DST in depression, all reporting
that approximately 40%–60% of patients with major depression demonstrate
a failure to suppress cortisol levels below 5.0 µg/100 dl in response to 1.0 mg of
DEX (Ribeiro et al. 1993). Nonsuppression of cortisol results from a reduced
ability of DEX to exert negative feedback inhibition on the release of CRF and
ACTH (Holsboer 2000).

The initial DST studies in PTSD using the 1.0-mg dose of DEX did not
consider the possibility of a hypersuppression to DEX and tested the hypothesis
that patients with PTSD might show a nonsuppression of cortisol similar
to patients with major depressive disorder. A large proportion of the PTSD
subjects studied also met criteria for major depression. Four (Dinan et al.
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1990; Halbreich et al. 1989; Kosten et al. 1990; Reist et al. 1995) out of five
(Kudler et al. 1987) of the earlier studies noted that PTSD did not appear to
be associated with cortisol nonsuppression, using the established criterion
of 5 µg/100 ml at 4:00 p.m. A more recent study did not use the established
criterion to determine nonsuppression, but nonetheless reported a greater
mean cortisol in PTSD compared to normal subjects at 8:00 a.m. (Thaller
et al. 1999). In this study, Thaller et al. reported that DEX resulted in 67%
suppression in PTSD (n=34) compared to 85% suppression in comparison
(n=17) subjects. Similarly, Atmaca et al. showed a significantly higher DST
nonsuppression in the PTSD group (63.12%) compared to healthy controls
(79.6%) using the 1.0 mg DST (Atmaca et al. 2002).

Although the 1.0-mg DST studies primarily focused on evaluating failure
of normal negative feedback inhibition, Halbreich et al. noted that post-DEX
cortisol levels in the PTSD group were particularly lower than subjects with de-
pression and even comparison subjects (Halbreich et al. 1987). The mean post-
DEX cortisol levels were 0.96±0.63 µg/dl in PTSD compared to 3.72±3.97 µg/dl
in depression and 1.37± µg/dl in comparison subjects, raising the possibility
that the 1-mg dose produced a “floor effect” in the PTSD group. Based on this
observation, and on findings of low cortisol and increased GR number, Yehuda
et al. hypothesized that PTSD patients would show an enhanced, rather than
reduced, cortisol suppression to DEX and administered lower doses of DEX—
0.50 mg and 0.25 mg—to examine this possibility (Yehuda et al. 1993a, 1995a).
A hyperresponsiveness to low doses of DEX, as reflected by significantly lower
post-DEX cortisol levels, was observed in PTSD patients compared to non-
exposed subjects. The enhanced suppression of cortisol was present in combat
veterans with PTSD who met the diagnostic criteria for major depressive dis-
order (Yehuda et al. 1993a) and was not present in combat veterans without
PTSD (Yehuda et al. 1995a).

The finding of an exaggerated suppression of cortisol in response to DEX
was also observed by Stein et al. who studied adult survivors of childhood
sexual abuse (Stein et al. 1997), and by Kellner et al. who evaluated Gulf War
soldiers who were still in active duty about a year an a half after their deploy-
ment to the Persian Gulf (Kellner et al. 1997). More recently, an exaggerated
suppression following 0.50 mg DEX was also observed in older subjects with
PTSD (i.e., Holocaust survivors and combat veterans) compared to appropriate
comparison subjects (Yehuda et al. in 2002b) in a sample of depressed women
with PTSD resulting from early childhood abuse (Newport et al. 2004), and
a mixed group of trauma survivors with PTSD (Yehuda et al. 2004b; Table 3).

Results from these studies are expressed as the extent of cortisol suppres-
sion, evaluated by the quotient of 8:00 a.m. post-DEX cortisol to 8:00 a.m.
baseline cortisol. Expressing the data in this manner accounts for individual
differences in baseline cortisol levels and allows for a more precise character-
ization of the strength of negative feedback inhibition as a continuous rather
than as a dichotomous variable. Whereas studies of major depression empha-
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size the 4:00 p.m. post-DEX value as relevant to the question of nonsuppression
(Stokes et al. 1984), studies of PTSD have been concerned with the degree to
which DEX suppresses negative feedback at the level of the pituitary, rather
than the question of “early escape” from the effects of DEX. Goeinjian et al.
observed an enhanced suppression of salivary cortisol at 4:00 p.m. follow-
ing 0.50 mg of DEX in adolescents who had been closer to the epicenter of
an earthquake 5 years earlier (and had more substantial PTSD symptoms)
compared to those who had been further from the epicenter (Goeinjian et al.
1996). However, the percentage suppression of cortisol in these two groups
was comparable at 8:00 a.m. The authors concluded that the suppression of
cortisol to DEX may last longer in PTSD. Unfortunately, the authors were not
able to study a non-exposed comparison group. Similarly, Lipschitz et al. failed
to observe cortisol hypersuppression at 8:00 a.m. in adolescents with PTSD
exposed to multiple traumatic events (Lipschitz et al. 2004). Unfortunately, the
authors were not able to obtain data at the 4:00 p.m. time point.

There is some debate about whether DST hypersuppression reflects trauma
exposure in psychiatric patients or PTSD per se. Using the combined DEX/CRF
challenge in women with borderline personality disorder with and without
PTSD relating to sustained childhood abuse, Rinne et al. (2002) demonstrated
that chronically abused patients with borderline personality disorder had a sig-
nificantly enhanced ACTH and cortisol response to the DEX/CRF challenge

Table 3 Summary of data from studies of using the dexamethasone suppression test

Reference Dex dose/day PTSD: % supp (n) Comparison: % supp (n)

Yehuda et al. 1993b* 0.5 87.5 (21) 68.3 (12)

Stein et al. 1997* 0.5 89.1 (13) 80.0 (21)

Yehuda et al. 1995a* 0.5 90.0 (14) 73.4 (14)

Yehuda et al. 1995* 0.25 54.4 (14) 36.7 (14)

Kellner et al. 1997*** 0.50 90.1 (7)

Yehuda et al. 2002b* 0.50 89.9 (17)# 77.9 (23)

Grossman et al. 2003*a 0.50 83.6 (16) 63.0 (36)

Newport et al. 2004*b 0.50 92.3 (16*) 77.78 (19)

Yehuda et al. 2004b* 0.50 82.5 (19) 68.9 (10)

#Includes subjects without depression; subjects with both PTSD and MDD (n=17) showed
a percentage suppression of 78.8, which differs from our previous report (Yehuda et al.
1993b) in younger combat veterans. *Significantly more suppressed than controls. **Sig-
nificantly less suppressed than controls. ***No control group was studied. aComparison
subjects were those with personality disorders but without PTSD. bIt is impossible from
this paper to get the correct mean for the actual 15 subjects with PTSD. These 16 subjects
had MDD, but 15/16 also had PTSD, so this group also contains 1 subject who had been
exposed to early abuse with past, but not current, PTSD.
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compared with nonabused subjects, suggested a hyperresponsiveness of the
HPA axis. The authors attribute the finding to trauma exposure. On the other
hand, Grossman et al. (2003) examined the cortisol response to 0.50 mg DEX
in a sample of personality disordered subjects and found that cortisol hyper-
suppression was related to the comorbid presence of PTSD, but not trauma
exposure.

In the study by Newport and colleagues (2004), the authors attempted to
determine whether cortisol hypersuppression was related to early abuse in
PTSD and major depression. However, insofar as all the exposed subjects with
current depression had PTSD (all except one), it was difficult to attribute the
observed hypersuppression to PTSD or depression. Recently, however, Yehuda
et al. observed cortisol hypersuppression following 0.50 mg DST in PTSD, and
subjects with both PTSD and depression, but noted that hypersuppression was
particularly prominent in persons with depression comorbidity if there had
beenaprior traumatic experience.Thus, cortisol hypersuppression in response
to DEX appears to be associated with PTSD, but in subjects with depression,
hypersuppression may be present as a result of early trauma, and possibly past
PTSD (Yehuda et al. 2004b).

4.2
The Cholecystokinin Tetrapeptide Challenge Test in PTSD

Cholecystokinin tetrapeptide (CCK)-4 is a potent stimulator of ACTH. Kellner
et al. administered a 50-µg bolus of CCK-4 to subjects with PTSD and found
substantially attenuated elevations of ACTH in PTSD, which occurred despite
comparable ACTH levels at baseline (Kellner et al. 2000). Cortisol levels were
lower in PTSD at baseline, but rose to a comparable level in PTSD and control
subjects. However, the rate of decline from the peak was faster, leading to an
overall lower total cortisol surge. The attenuated ACTH response to CCK-4 is
compatible with the idea of CRF overdrive in PTSD, and is a similar to the
administration of CRF. That less ACTH can produce a similar activation of the
adrenal gland, but a more rapid decline of cortisol is also consistent with a more
sensitive negative feedback inhibition secondary to increased glucocorticoid
receptor activity at the pituitary. Although the comparatively greater effects on
cortisol relative to ACTH is also compatible with an increased sensitivity of the
adrenal gland to ACTH, rather than an enhanced negative feedback sensitivity
on the pituitary, this explanation only accounts for the greater rise cortisol, but
not the more rapid rate of decline of cortisol, following CCK-4.

4.3
The Metyrapone Stimulation Test

Whereas both the results of the DST and CCK challenge tests are consistent
with the idea of an enhanced negative feedback inhibition in PTSD, these alter-
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ations do not directly imply that an enhanced negative feedback inhibition is
a primary disturbance in PTSD. Yehuda et al. used the metyrapone stimulation
test as a way of providing further support for the enhanced negative feedback
hypothesis (Yehuda et al. 1996a). Metyrapone prevents adrenal steroidogenesis
by blocking the conversion of 11-deoxycortisol to cortisol, thereby unmask-
ing the pituitary gland from the influences of negative feedback inhibition. If
a sufficiently high dose of metyrapone is used such that an almost complete
suppression of cortisol is achieved, this allows a direct examination of pitu-
itary release of ACTH without the potentially confounding effects of differing
ambient cortisol levels. When metyrapone is administered in the morning—
when HPA axis activity is relatively high—maximal pituitary activity can be
achieved, facilitating an evaluation of group differences in pituitary capability.
The administration of 2.5 mg metyrapone in the morning resulted in a similar
and almost complete reduction in cortisol levels in both PTSD and normal
subjects (i.e., and removal of negative feedback inhibition), but a higher in-
crease in ACTH and 11-deoxycortisol in combat Vietnam veterans with PTSD
compared to non-exposed subjects (Yehuda et al. 1996a). In the context of low
cortisol levels and increased CSF CRF levels, the findings supported the hy-
pothesis of a stronger negative feedback inhibition in PTSD. Both pituitary and
adrenal insufficiency would not likely result in an increased ACTH response to
removal of negative feedback inhibition, since the former would be associated
with an attenuated ACTH response and reduced adrenal output would not nec-
essarily affect the ACTH response. To the extent that ambient cortisol levels are
lower than normal, an increased ACTH response following removal of negative
feedback inhibition implies that when negative feedback is intact, it is strong
enough to inhibit ACTH and cortisol. The increased ACTH response is most
easily explained by increased suprapituitary activation; however, a sufficiently
strong negative feedback inhibition would account for the augmented ACTH
response even in the absence of hypothalamic CRF hypersecretion.

Kanter et al. failed to find evidence for an exaggerated negative feedback
inhibition using a different type of metyrapone stimulation paradigm (Kanter
et al. 2002). In this study, a lower dose of metyrapone was used, adminis-
tered over a 3-h period (750 mg at 7:00 a.m. and 10:00 a.m.), and rather than
simply examining the ACTH response to this manipulation, the cortisol lev-
els were introduced by means of an infusion, allowing the effects of negative
feedback inhibition to be evaluated more systematically. Under conditions of
enhanced negative feedback inhibition, the introduction of cortisol following
metyrapone administration should result in a greater suppression of ACTH in
PTSD. However, no significant differences in the ACTH response to cortisol
infusion between PTSD and comparison subjects (but a non-significant trend,
p=.10, for such a reduction) were observed. There was, however, a reduced
response of 11-b-deoxycortisol. The authors concluded that their findings pro-
vided evidence of sub-clinical adrenocortical insufficiency.
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In evaluating this finding, it must be noted, as the authors do, that at
the dose used, metyrapone did not accomplish a complete suppression of
cortisol in this study. Furthermore, the manipulation produced a more robust
suppression of cortisol in comparison subjects, suggesting that the control
group was significantly more perturbed by the same does of metyrapone prior
to the cortisol infusion than the PTSD group. The authors suggest that the
lack of decline in ACTH following cortisol infusion in the PTSD group argues
against an enhanced negative feedback inhibition. However, insofar as the drug
produceda significantly greaterdecrease incortisol in the comparisonsubjects,
while not producing a significant difference in ACTH concentrations, it might
be that the lack of an ACTH reduction in PTSD following cortisol infusion
may have been caused by a floor effect, rather than a demonstration of lack of
reactivity of the system. Indeed, because metyrapone at the dose used did not
fully suppress cortisol, the endogenous cortisol present may have already been
high enough to suppress ACTH secretion in the PTSD group. Interestingly,
although metyrapone did not result in as great a decline of cortisol in PTSD, it
did result in the same level of cortisol inhibition, implying differences in the
activity of the enzyme 11-β-hydroxylase, which merits further investigation.

To the extent that there was a significant reduction of the 11-deoxycortisol
response in PTSD in the absence of an attenuated ACTH response, this would
indeed support the idea of a reduced adrenal output. However, the trend
for an ACTH response suggests that part of the failure to achieve statistical
significance may have also occurred because of limited power, particularly
given the lack of evidence for increased ambient ACTH levels in PTSD relative
to normal controls. Dose–response studies using the higher vs lower dose of
metyrapone should certainly be conducted to further address this critical issue.

A third study used metyrapone to evaluate CRF effects on sleep, but in the
process also provided information relevant to negative feedback inhibition.
Metyrapone (750 mg) was administered at 8:00 a.m. every 4 h for 16 h, and
cortisol, 11-deoxycortisol and ACTH levels were measured at 8:00 a.m. the
followingmorning.Cortisol, 11-deoxycortisol, andACTHlevelswere increased
in the PTSD group relative to the controls, suggesting that the same dose of
metyrapone did not produce the same degree of adrenal suppression of cortisol
synthesis. Under these conditions, it is difficult to evaluate the true effect on
ACTH and 11-deoxycortisol, which depends on achieving complete cortisol
suppression, or at least the same degree of cortisol suppression in the two
groups. The endocrine response to metyrapone in this study does not support
the model of reduced adrenal capacity, since this would have been expected
to yield a large ratio of ACTH to cortisol release; yet the mean ACTH/cortisol
ratio prior to metyrapone was no different in PTSD vs controls. On the other
hand, the mean ACTH/cortisol ratio post-metyrapone was lower, though non-
significantly, suggesting, if anything, an exaggerated negative feedback rather
than reduced adrenal capacity (Neylan et al. 2003a).
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The idea of reduced adrenal capacity as a possible model for PTSD has also
been recently raised by Heim et al., who concluded that low cortisol may not
be a unique feature of PTSD, but may represent a more universal phenomenon
related to bodily disorders, having an etiology related to chronic stress (Heim
et al. 2000). There are numerous stress-related disorders such as chronic fatigue
syndrome, fibromyalgia, rheumatoid arthritis, chronic pain syndromes, and
other disorders that are characterized by hypocortisolism. In one study, Heim
et al. showed decreased cortisol responses to low-dose DEX, but failed to
observe blunted ACTH responses to CRF in women with chronic pelvic pain,
some of whom had PTSD, compared to women with infertility (Heim et al.
1998). Since the data were not analyzed on the basis of the subgroup with and
without trauma and/or PTSD, it is not possible to directly compare results of
that study to other reports examining PTSD directly.

4.4
The CRF Challenge Test and ACTH Stimulation Test in PTSD

Infusion of exogenous CRF increases ACTH levels and provides a test of pi-
tuitary sensitivity. In several studies of major depression, the ACTH response
to CRF was shown to be “blunted,” reflecting a reduced sensitivity of the pi-
tuitary to CRF (e.g., Krishnan 1993). This finding has been widely interpreted
as reflecting a downregulation of pituitary CRF receptors secondary to CRF
hypersecretion, but may also reflect increased cortisol inhibition of ACTH
secondary to hypercortisolism (Krishnan 1993; Yehuda and Nemeroff 1994).

A studyof eightPTSDsubjectsdemonstrated that theACTHresponse toCRF
is also blunted (Smith et al. 1989). However, although the authors noted a uni-
form blunting of the ACTH response, this did not always occur in the context of
hypercortisolism. Furthermore, although the ACTH response was significantly
blunted, the cortisol response was not (however, though not statistically signif-
icant, it should be noted that the area under the curve for cortisol was 38% less
than controls). Bremner et al. also observed a blunted ACTH response to CRF
in women with PTSD as a result of early childhood sexual abuse (Bremner et al.
2003b). Yehuda et al. previously suggested that the blunted ACTH response in
PTSD might reflect an increased negative feedback inhibition of the pituitary
secondary to increased GR number or sensitivity (Yehuda et al. 1995a). This
explanation supports the idea of CRF hypersecretion in PTSD, and explains
the pituitary desensitization and resultant lack of hypercortisolism as arising
from a stronger negative feedback inhibition.

AbluntedACTHresponse toCRF in thecontextof anormal cortisol response
was also observed in sexually abused girls, but the diagnosis of PTSD was
not systematically made in this study (deBellis et al. 1994). When living in
the context of ongoing abuse, abused children with depression showed an
enhanced ACTH response to CRF in comparison with abused children without
depression and normals (Kauffman et al. 1997). Again, although such subjects
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were considered at greater risk for the development of PTSD, it is difficult to
draw direct conclusions from these studies about the neuroendocrinology of
PTSD because this variable was not directly measured.

In contrast, Rasmusson et al. (2001) recently reported an augmented ACTH
response to CRF in 12 women with PTSD compared to 11 healthy controls.
In the same subjects, the authors also performed a neuroendocrine chal-
lenge with 250 µg of cosyntropin (ACTHα1-24) to determine the response of
the pituitary gland to this maximally stimulating dose. Women with PTSD
demonstrated an exaggerated cortisol response to ACTH compared to healthy
subjects. Basal assessments did not reveal group differences in either 24-h
urinary cortisol levels, or basal plasma cortisol or ACTH levels. The authors
concluded that their findings suggested an increased reactivity of both the
pituitary and adrenal in PTSD.

What is particularly interesting about the finding of the increased ACTH in
response to CRF is that the magnitude of the ACTH response appeared to be
much higher than the cortisol response. The ACTH response was 87% greater
in the subjects with PTSD, but the cortisol response was only 35% higher.
Thus, although ACTH levels were more increased in PTSD than controls, this
increased ACTH level did not result in a comparable stimulation of cortisol,
suggesting a reduced adrenal capacity or an enhanced inhibition of cortisol.
On the other hand, Rasmusson and colleagues’ demonstration of an increased
cortisol response to cosyntropin in the same patients suggests the opposite.
The authors do not discuss the possibility that the results of the CRF test
suggest reduced adrenal capacity, nor do they suggest a model that accounts
for the co-existence of these two apparently disparate observations.

Attempting to resolve the two discrepant observations in the Rasmusson
et al. finding (2001) will by necessity require viewing HPA axis alterations
as reflecting a more complex set of processes than are currently described in
classical clinical endocrinology, and will be aided, no doubt, by the appearance
of currently unavailable information. However, the discrepancy may also result
from a methodologic artifact owing to the administration of the cosyntropin
at variable times during the day (ranging from 8:15 a.m. to 4:15 p.m.). It may
be that if the cortisol data were corrected for time of day of administration
of cosyntropin that the findings might no longer be significant, and it would
be important to rule this out. Indeed, to conclude that a greater reactivity of
the pituitary gland occurs in the context of a more reduced cortisol response
would be a simpler observation to contend with.

In fact, the observation of an increased ACTH response to CRF would be
compatible with a recent study by Heim et al. who examined such responses
in abused women with and without major depressive disorder compared with
nonabused depressed women and comparison subjects (Heim et al. 2000).
Abused women without depression showed an augmented ACTH response
to CRF, but a reduced cortisol response to ACTH compared to other groups.
Only a small proportion (4/20) met criteria for PTSD. Abused women with
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depression (14/15 with PTSD) showed a blunted ACTH response to CRF com-
pared to controls, as did nonabused women with depression. These findings
are compatible with those of Smith et al. (1989). Although the study by Heim
et al. (2000) did not focus directly on the issue of HPA alterations in PTSD,
the model presented by the authors is extremely informative in suggesting the
possibility that early abuse may be associated in and of itself with a profile
of pituitary-adrenocortical alterations (particularly, low ambient cortisol as
a function of a diminished adrenal responsiveness) that are opposite to those
seen in depression. However, when depression is present, these alterations
may be “overridden” by the results of depression-related CRF hypersecretion.
Early trauma exposure is a risk factor not only for depression, but also for
PTSD in the absence or presence of depression. It is possible that low cortisol
levels resulting from this risk factor may also be influenced by PTSD-related
alterations (i.e., increased GR responsiveness and increased responsiveness of
negative feedback inhibition).

4.5
The Naloxone Stimulation Test in PTSD

Another strategy for examining CRF activity involves the assessment of ACTH
and cortisol after administration of agents that normally block the inhibition
of CRF. Naloxone increases CRF release by blocking the inhibition normally
exerted by opioids in the hypothalamus. Naloxone was administered to 13
PTSD patients and 7 normal comparison subjects (Hockings et al. 1993). Of
the PTSD subjects, 6/7 showed an increased ACTH and cortisol response to
naloxone. These findings appear to contradict those of Smith et al. (1989)
who showed a blunted ACTH response to CRF; however, here too the absence
of information about ambient CRF complicates the interpretation of these
findings. This finding is noteworthy for illustrating that only a proportion of
subjects in a particular group may exhibit evidence of pituitary adrenocortical
alterations.

5
Drawing Conclusions from Challenge Studies: Do They Provide a Window
into the Brain?

Although theneuroendocrine challengesdescribedabovedirectly assessACTH
and cortisol, hypothalamic CRF release may be inferred from some of the re-
sults. For example, because metyrapone administration results in the elimina-
tion of negative feedback inhibition, its administration allows an exploration
of suprapituitary release of ACTH, without the potentially confounding effects
of differing ambient cortisol levels. To the extent that metyrapone administra-
tion results in a substantially higher increase in ACTH and 11-deoxycortisol
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in PTSD compared to controls, it is possible to infer that the increase in ACTH
results occurs as a direct result of hypothalamic CRF stimulation.

Similarly, the CRF challenge test has also been used to estimate hypothala-
mic CRF activity, since a blunted ACTH response is suggestive of a downregu-
lation of pituitary receptors secondary to CRF hypersecretion. Using this logic,
an augmented ACTH response to CRF would reflect a decreased hypothalamic
CRF release, or at least an upregulation of pituitary CRF receptors. Rasmusson
et al. (2001) assert that the finding of an increased ACTH response to CRF is
analogous to the increased ACTH response to metyrapone obtained by Yehuda
et al. (1996a). Although this might not be the most likely explanation for the
finding, insofar as the subjects in Rasmusson et al. did not show increases
in either basal ACTH or cortisol levels, it is possible that the finding of an
augmented ACTH response to CRF does indeed reflect an enhanced negative
feedback on the pituitary, particularly in view of the relatively weaker effect of
CRF on cortisol relative to ACTH. However, the model of enhanced negative
feedback inhibition would not explain the increased cortisol response to ACTH
observed in the same patients.

6
Putative Models of HPA Axis Alterations in PTSD

Cortisol levels are most often found to be lower than normal in PTSD, but can
also be similar to or greater than those in comparison subjects. Findings of
changes in circadian rhythm suggest that there may be regulatory influences
that result in a greater dynamic range of cortisol release over the diurnal cycle
in PTSD. Together, these findings imply that although cortisol levels may be
generally lower, the adrenal gland is certainly capable of producing adequate
amounts of cortisol in response to challenge.

The model of enhanced negative feedback inhibition is compatible with
the idea that there may be transient elevations in cortisol, but would suggest
that when present, these increases would be shorter-lived due to a more ef-
ficient containment of ACTH release as a result of enhanced GR activation.
This model posits that chronic or transient elevations in CRF release stimulate
the pituitary release of ACTH, which in turn stimulates the adrenal release of
cortisol. However, an increased negative feedback inhibition would result in
reduced cortisol levels under ambient conditions. In contrast to other models
of endocrinopathy, which identify specific and usually singular primary alter-
ations in endocrine organs and/or regulation, the model of enhanced negative
feedback inhibition in PTSD is in large part descriptive. The model currently
offers little explanation for why some individuals show such alterations of the
HPA axis following exposure to traumatic experiences while others do not, but
it represents an important development in the field of neuroendocrinology of
PTSD by accounting for a substantial proportion of the findings observed.
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On the other hand, the model of reduced adrenal output accounts for why
ambient cortisol levels would be lower than normal, and even for the relatively
smaller magnitude of differences in ACTH relative to cortisol, but does not
account for why basal ACTH levels are not significantly higher in PTSD than in
comparison subjects, particularly in light of evidence of CRF hypersecretion.
One of the challenge in elucidating a neuroendocrinology of PTSD is in being
able to resolve the apparent paradox that cortisol levels are low when CRF
levels appear to be elevated, as well as to accommodate a dynamic process in
that accounts for observed diurnal fluctuations and potential responsivity to
environmental cues. Heim et al. (2001) have again argued that in response to
early trauma, CRF hypersecretion may result in a downregulation of pituitary
CRF receptors leading to a decreased ACTH response. However, it is not quite
clear according to this why in such cases CRF hypersecretion would lead
to pituitary desensitization and low cortisol as opposed to the more classic
model of HPA dysfunction articulated for major depressive disorder in which
the effect of hypothalamic CRF release on the pituitary would ultimately result
in hypercortisolism.

Findings of increased CRF levels in PTSD are important to the theory of
enhanced negative feedback inhibition in PTSD, but are not necessarily rel-
evant to theories of adrenal insufficiency. That is, to the extent that there
are increases in CRF, these would not necessarily occur as a direct response
to reduced adrenal output, but might have a different origin. Under con-
ditions of reduced adrenal output, it is possible, as implied by Heim et al.
(2000), that compensatory changes in hypothalamic CRF might occur to the
extent that there is a weaker negative feedback inhibition because of decreased
cortisol output. But if this were occurring, it would be difficult to find an
explanation for why the ACTH response to CRF (Heim et al. 2001) and psy-
chologic stressors (Heim et al. 2000) were augmented in relation to early
traumatization.

Findings of the cortisol response to DEX are compatible with both the
enhanced negative feedback inhibition model and adrenal insufficiency. How-
ever, in the latter case, one would not expect that a reduced cortisol level to
result from, or even be accompanied by, changes in the GR, but rather, would
reflect reduced adrenal output rather than an enhanced containment of ACTH.

Findings of a blunted ACTH response to CRF are compatible with the en-
hanced negative feedback model, but not the adrenal insufficiency hypothesis.
Adrenal insufficiency would not be expected to result in a blunted ACTH re-
sponse to CRF. On the contrary, primary adrenal insufficiency is characterized
by increased ACTH at baseline and in response to CRF. Findings demonstrating
an augmented ACTH to metyrapone are also consistent with enhanced nega-
tive feedback inhibition, but not adrenal insufficiency. Adrenal insufficiency is
also incompatible with findings showing a greater activation of cortisol in the
context of reduced ACTH responses to pituitary challenges.
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Table 4 summarizes these HPA findings in PTSD and the explanations com-
patible with these findings. This table demonstrates that the model of enhanced
negative feedback is compatible with 15/21 observations of HPA alterations in
PTSD, whereas reduced adrenal capacity is consistent with 9/21 observations.

6.1
Findings of Cortisol in the Acute Aftermath of Trauma

Recentdatahaveprovided somesupport for the idea that lowcortisol levelsmay
be an early predictor of PTSD rather than a consequence of this condition. Low
cortisol levels in the immediate aftermath of a motor vehicle accident predicted
the development of PTSD in a group of 35 accident victims consecutively
presenting to an emergency room (Yehuda et al. 1998). Delahanty et al. (2000)
also reported that low cortisol levels in the immediate aftermath of a trauma
contributed to the prediction of PTSD symptoms at 1 month. In a sample
of 115 people who survived a natural disaster, cortisol levels were similarly
found to be lowest in those with highest PTSD scores at 1 month post-trauma,
however cortisol levels were not predictive of symptoms at 1 year (Anisman
et al. 2001). Similarly, lower morning, but higher evening cortisol levels were
observed in 15 subjects with high levels of PTSD symptoms 5 days following
a mine accident in Lebanon compared to 16 subjects with lower levels of PTSD
symptoms (Aardal-Eriksson et al. 2001).

In a study examining the cortisol response in the acute aftermath of rape,
low cortisol levels were associated with prior rape or assault, themselves risk
factors for PTSD (Resnick et al. 1995), but not with the development of PTSD
per se. Apost hoc analysis of the data reported in (Yehuda et al. 1998) confirmed
the observation that low cortisol levels were also associated with prior trauma
exposure in this group as well (A.C. McFarlane et al., personal communication).

These findings imply that cortisol levels might have been lower in trauma
survivors who subsequently develop PTSD even before their exposure to
trauma, and might therefore represent a pre-existing risk factor. Consistent
with this, low 24-h urinary cortisol levels in adult children of Holocaust sur-
vivors were specifically associated with the risk factor of parental PTSD. These
studies raise the possibility that low cortisol levels represent an index of risk,
and may actually contribute to the secondary biologic alterations that ul-
timately lead to the development of PTSD. Interestingly, the risk factor of
parental PTSD in offspring of Holocaust survivors was also associated with an
increased incidence of traumatic childhood antecedents (Yehuda et al. 2001).
In this study, both the presence of subject-rated parental PTSD and scores
reflecting childhood emotional abuse were associated with low cortisol lev-
els in offspring. Thus, it may be that low cortisol levels occur in those who
have experienced an adverse event early in life, and then remain different
from those not exposed to early adversity. Although there might reasonably
be HPA axis fluctuations in the aftermath of stress, and even differences in
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Table 4 Summary of data from studies supporting enhanced negative feedback or reduced
adrenal output in PTSD

Finding in PTSD Enhanced Reduced

negative adrenal

feedback output

Lower ambient cortisol levels Yes Yes

Normal or variable cortisol levels Yes No

Higher cortisol levels Yesa No

Increased circadian rhythm of cortisol Yes No

Decreased circadian rhythm of cortisol No Yes

Normal ACTH levels Yes No

Low β-endorphin levels Yesb No

Increased CRF levels in CSF Yes Yes

Increased glucocorticoid receptor sensitivity/number Yes Noc

Normal cortisol levels to 1 mg DEX Yes Yes

Decreased cortisol levels following 0.5 DEX Yes Yes

Increased cortisol levels following 1 mg DEX No No

Decreased number of cytosolic glucocorticoid receptors
following DEX compared to baseline receptors

Yes Nod

Increased ACTH levels to high dose metyrapone Yes No

Decreased ACTH levels to low dose metyrapone Noe Yes

Decreased ACTH levels following CRF Yes No

Increased ACTH levels following CRF No Yes

Increased cortisol responses to ACTH No No

Decreased ACTH levels following CCK-4 Yes No

Increased ACTH levels following naloxone No Yes

Increased ACTH levels following stress Yes Yes

*Also observed in samples of subjects with early abuse, depression, or somatic illnesses
with or without comorbid PTSD. aHigher cortisol levels are only consistent with enhanced
negative feedback to the extent that they represent transient elevations. bTo the extent that
β-endorphin is co-released with ACTH and reflects ACTH, this finding is compatible. What
is problematic is the lack of relationship in this paper between ACTH and β-endorphin,
which raises methodologic questions. cThis conclusion is based on empirical findings from
studies of endocrinologic disorders that have generally failed to observe accommodation
in glucocorticoid receptors in response to either very high or very low cortisol levels
(reviewed in Yehuda 2002). It is theoretically possible, however, that low levels of ambient
cortisol would result in an "upregulation" of glucocorticoid receptors. dBased on c. eSee
extensive discussion on this paper in text.

the magnitude of such responses compared to those not exposed to trauma
early in life, HPA parameters would subsequently recover to their pre-stress
baseline.
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Low cortisol levels may impede the process of biologic recovery from stress,
resulting in a cascade of alterations that lead to intrusive recollections of the
event, avoidance of reminders of the event, and symptoms of hyperarousal.
This failure may represent an alternative trajectory to the normal process of
adaptation and recovery after a traumatic event.

Additionally, it is possible that, within the time frame between several hours
or days following a trauma and the development of PTSD at 1 month, there is
an active process of adaptation and an attempt at achieving homeostasis, and
that PTSD symptoms themselves are determined by biologic responses, rather
than the opposite. For example, Hawk et al. (2000) found that at 1 month post-
trauma, urinary cortisol levels were elevated among men with PTSD symptoms
(but not women). By 6 months, there were no group differences in cortisol,
but emotional numbing at 1 month predicted lower cortisol levels 6 months
after the accident. Similarly, in a prospective study in which plasma cortisol
and continuous measures of PTSD symptoms were obtained from 21 survivors
at 1 week and 6 months post-trauma, cortisol levels at 1 week did not predict
subsequent PTSD, but cortisol levels at 6 months negatively correlated with
self-reported PTSD symptoms within PTSD subjects (Bonne et al. 2003a).

PTSD may arise from any number of circumstances, one of which may be
the hormonal milieu at the time of trauma, which may reflect an interaction of
pre- andperi-traumatic influences.These responsesmaybe furthermodified in
the days and weeks preceding it by a variety of other influences. For example,
under normal circumstances, CRF and ACTH are activated in response to
stress, and ultimately culminate in cortisol release, which negatively feeds
back to keep the stress response in check. A reduced adrenal capacity might
initially lead to a stronger activation of the pituitary due to increased CRF
stimulation in synergy with other neuropeptides, such as arginine vasopressin,
resulting in a high magnitude ACTH response. This might lead to a greater
internal necessity by the pituitary for negative feedback inhibition. Achieving
regulationunder these conditionsmightnecessitate aprogressivedecline in the
ACTH/cortisol ratio, possibly facilitated by accommodations in the sensitivity
ofGRsandothercentralneuromodulators,ultimately leading toanexaggerated
negative feedback inhibition. Affecting these hormonal responses might also
be the demands made by posttraumatic factors. Although such a model is
hypothetical, it is consistent with the adaptational process of allostatic load
described by McEwen (1999): that is, that physiologic systems accommodate
to achieve homeostasis based on already existing predispositions to stress
responses. Thus, the neuroendocrinologic response to trauma of a person with
lower cortisol levels at the outset might be fundamentally different from that
of someone with a greater adrenal capacity and higher ambient cortisol levels.

One of most compelling lines of evidence supporting the hypothesis that
lower cortisol levels may be an important pathway to the development of PTSD
symptoms involves results of studies by Schelling et al. (2001) who admin-
istered stress doses of hydrocortisone during septic shock and evaluated the
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effects of this treatment on the development of PTSD and traumatic memories.
Indeed, the results of a randomized, double-blind study demonstrated that
administration of hydrocortisone in high, but physiologic-stress, doses was
associated with reduced PTSD symptoms compared to the group that received
saline. These findings support the idea that low cortisol levels may facilitate the
development of PTSD in response to an overwhelming biologic demand—at
least in some circumstances.

7
Conclusions

The HPA axis alterations in PTSD support the idea that HPA axis alterations
are complex and might be associated with different aspects of PTSD, including
risk for the development of this disorder. For the findings to coalesce into an
integrative neuroendocrine hypothesis of PTSD, it would be necessary to assert
that (1) some features of the HPA axis may be altered prior to the exposure to
a focal trauma; (2) that components of the HPA axis are not uniformly regulated
(e.g., circadian rhythm patterns, tonic cortisol secretion, negative feedback in-
hibition, and the cortisol response to stress are differentially mediated; (3) that
the system is dynamic, and may therefore show transient increases or hyperre-
sponsivity under certain environmental conditions; that (4) other regulatory
influences might affect HPA axis regulation in PTSD; and probably (though not
necessarily), that (5) there might be different biologic variants of PTSD with
relatively similar phenotypic expressions, as is the case with major depressive
disorder.

The wide range of observations observed in the neuroendocrinology of
PTSD underscores the important observation of Mason et al. (1986) that HPA
response patterns in PTSD are fundamentally in the normal range and do not
reflect endocrinopathy. In endocrinologic disorders, where there is usually
a lesion in one or more target tissues or biosynthetic pathways, endocrine
methods can usually isolate the problem with the appropriate test(s), and
then obtain rather consistent results. In psychiatric disorders, neuroendocrine
alterations may be subtle, and therefore, when using standard endocrine tools
to examine these alterations, there is a high probability of failing to observe all
the alterations consistent with a neuroendocrine explanation of the pathology
in tandem, or of obtaining disparate results within the same patient group
owing to a stronger compensation or re-regulation of the HPA axis following
challenge.

The next generation of studies should aim to apply more rigorous tests
of neuroendocrinology of PTSD based on the appropriate developmental is-
sues and in consideration of the longitudinal course of the disorder, and the
individual differences that affect these processes. No doubt such studies will
require a closer examination of a wide range of biologic responses, including
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the cellular and molecular mechanisms involved in adaptation to stress, and an
understanding of the relationship between the endocrine findings and other
identified biologic alterations in PTSD.
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