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Objective: Enhanced negative feedback
and reduced adrenal output are two dif-
ferent models that have been put forth to
explain the paradoxical observations of
increased release of corticotropin-releas-
ing factor in the face of low cortisol levels
in posttraumatic stress disorder (PTSD). To
discriminate between these models, the
authors measured levels of adrenocorti-
copic hormone (ACTH) and cortisol at
baseline and in response to dexametha-
sone in medically healthy subjects with
and without PTSD. Under conditions of
enhanced negative feedback inhibition,
ACTH levels would not be altered relative
to cortisol levels, but the ACTH response
to dexamethasone would be augmented,
in concert with the enhanced cortisol re-
sponse to dexamethasone. In contrast,
under conditions of reduced adrenal out-
put, ACTH levels would be expected to be
higher at baseline relative to cortisol lev-
els, but the ACTH response to dexametha-

sone would be unchanged in PTSD rela-
tive to healthy comparison subjects.

Method: The ACTH and cortisol responses
to 0.50 mg of dexamethasone were as-
sessed in 19 subjects (15 men and four
women) with PTSD and 19 subjects (14
men and five women) without psychiatric
disorder.

Results: The ACTH-to-cortisol ratio did
not differ between groups before or after
dexamethasone, but the subjects with
PTSD showed greater suppression of
ACTH (as well as cortisol) in response to
dexamethasone.

Conclusions: The data support the hy-
pothesis of enhanced cortisol negative
feedback inhibition of ACTH secretion at
the level of the pituitary in PTSD. Pituitary
glucocorticoid receptor binding, rather
than low adrenal output, is implicated as
a likely mechanism for this effect.

(Am J Psychiatry 2004; 161:1397–1403)

We have previously posited that posttraumatic stress
disorder (PTSD) is characterized by an inhibition of the
hypothalamic-pituitary-adrenal (HPA) axis through en-
hanced negative feedback. This hypothesis was initially
generated by the finding of an exaggerated cortisol sup-
pression in PTSD patients following the administration of a
low dose of dexamethasone and of a greater dexametha-
sone-induced decline in cytosolic lymphocyte glucocorti-
coid receptors in combat veterans with PTSD than in those
without PTSD (1). The interpretation of greater suppres-
sion of cortisol in response to dexamethasone as evidence
for enhanced negative feedback rested on the assumption
that the dexamethasone suppression test (DST) provides a
sensitive test of the negative feedback effects of glucocorti-
coids (2), particularly at the level of the pituitary (3, 4).

The model of enhanced negative feedback inhibition at
the level of the pituitary is compatible with a number of
observations pertaining to the HPA axis in individuals
with PTSD, including high levels of corticotropin-releas-
ing factor (CRF) in CSF (5), blunted adrenocorticotropic
hormone (ACTH) responses to corticotropin-releasing
hormone (CRH) (6), and enhanced ACTH responses to
doses of metyrapone high enough to completely suppress
cortisol production (7) and cortisol-mediated negative
feedback inhibition, particularly insofar as these abnor-

malities occur in the presence of low or normal cortisol
levels (8).

Several findings in the neuroendocrinology of PTSD,
however, are not compatible with enhanced negative
feedback inhibition. These include a greater ACTH re-
sponse to CRF in PTSD than in comparison subjects (9)
and a greater ACTH response to current psychosocial
stress among women with histories of childhood physical
and sexual abuse than among women without such histo-
ries (10). These findings, coupled with observations of low
cortisol levels at baseline and after dexamethasone ad-
ministration, have given rise to an alternative hypothesis,
that PTSD may be characterized by subclinical adrenal in-
sufficiency or low adrenal output (11).

Although both enhanced negative feedback and low ad-
renal output can account for many of the HPA findings
that have been observed in PTSD, particularly for low or
normal cortisol levels in the face of high CRF levels, these
two explanations would have different predictions regard-
ing ACTH levels in PTSD (12). Negative feedback acts at
the level of the pituitary (as well as at other sites in the HPA
axis). Therefore, enhanced negative feedback inhibition
through increased glucocorticoid receptor sensitivity
should inhibit ACTH levels and cortisol levels to similar
degrees, since, according to this model, cortisol produc-
tion by the adrenal glands is primarily dependent on
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ACTH release. In contrast, low adrenal output is likely to
result in a higher ratio of ACTH to cortisol, which would be
particularly marked if hypothalamic CRF levels were high.
That is, enhanced negative feedback would not alter the
ACTH-to-cortisol ratio, whereas low adrenal output should
result in an increased ACTH-to-cortisol ratio.

In this study we examined ACTH and its relationship to
cortisol in response to the administration of a low dose
(0.50 mg) of dexamethasone. Since the ACTH response to
dexamethasone is thought to reflect an action of dexa-
methasone at the level of the pituitary, particularly at low
blood levels of dexamethasone (3, 4), the assessment of
ACTH following dexamethasone administration provides
a more direct measure of feedback inhibition than does
the level of circulating cortisol. Under conditions of en-
hanced negative feedback inhibition, the suppressive ef-
fect of dexamethasone on ACTH would be as strong as its
effect on cortisol, if not stronger, because of the proposed
greater sensitivity of pituitary glucocorticoid receptors.
However, under conditions of low adrenal output, the ef-
fect of dexamethasone on ACTH should be normal since
abnormalities in HPA axis functioning are occurring down-
stream of the pituitary gland.

Method

Participants

Twenty-nine men and nine women age 23 to 79 years (mean=
54.47 years, SD=17.27) participated in the study. Recruitment was
through advertisements placed in local newspapers or on bulletin
boards around the Mount Sinai Hospital and the Bronx Veterans
Affairs (VA) Medical Center requesting volunteers (including
comparison subjects) for one of several research projects examin-
ing hormonal responses following extremely stressful life events.
All procedures were approved by the institutional review boards
at the Mount Sinai School of Medicine and the Bronx VA Medical
Center, and all subjects provided written informed consent be-
fore their participation. Data on cortisol and glucocorticoid re-
ceptors from 16 of the current subjects (10 with PTSD, six without
PTSD) have been previously reported (13).

Subjects were included in the study if they had an axis I diagno-
sis of PTSD or if they were free from a current or past history of
PTSD or any other axis I disorder. Subjects with PTSD were ex-
cluded if they had comorbid substance abuse or dependence, bi-
polar disorder, psychosis, or obsessive-compulsive disorder but
not if they were suffering from a unipolar mood disorder or other
anxiety disorder (i.e., major depressive disorder, dysthymia, gen-
eralized anxiety disorder, panic disorder, social phobia, or agora-
phobia). Gulf War veterans and adult children of Holocaust survi-
vors were recruited for study, but their data were not included in
the current analyses, as they will be presented elsewhere. Thirty
subjects were excluded because of having had a major medical,
endocrinological, or neurological illness and/or receiving stand-
ing doses of psychotropic agents or other medications likely to af-
fect the HPA axis. Of the 38 subjects included, 21 subjects were
not taking any medications. None of the remaining 17 subjects
was receiving standing doses of psychotropic medications, but
three were taking as-needed sedatives for sleep (i.e., zolpidem or
trazodone). Examples of the other common medications that
were not exclusionary were lipid-lowering agents, histamine-2
blockers, and nonsteroidal anti-inflammatory agents. Subjects
were not withdrawn from medications for the purpose of study

participation. As the study was conducted primarily at a VA med-
ical center, the study group was predominantly male and does not
reflect the typical predominance of women in epidemiologic
samples of PTSD patients.

Clinical Assessments

Information about lifetime traumatic life events and the ages at
which these events occurred was obtained by using the Trauma
History Questionnaire (14). The most disturbing experience re-
ported by an individual was defined as the “focal” event and
formed the basis of an interview for PTSD using the Clinician-
Administered PTSD Scale (15). At this time, events were reviewed
to determine whether they met the DSM-IV criterion A involving
both 1) potential life threat or threat to physical integrity and
2) subjective distress (e.g., fear, helplessness, horror). In the group
with PTSD, the focal events were combat-related events involving
witnessing death and mutilation or experiencing mortal danger
(N=10), traumatic separation from parents in early childhood (N=
2), witnessing mass execution (N=1), torture (N=1), gunshot
wound (N=1), rape in adulthood (N=1), attempted strangulation
(N=1), domestic violence (N=1), and childhood physical abuse
(N=1). Fifteen of the 19 subjects without PTSD reported experi-
encing potentially traumatic events, as evidenced by positive re-
sponses on one or more items of the Trauma History Question-
naire (e.g., mugging, assault, motor vehicle accident), and six of
these reported events qualified as criterion A traumatic experi-
ences (i.e., serious motor vehicle accident, combat, intruder with
weapon in home, boat accident, near drowning in friend’s pool,
and losing a friend in the World Trade Center bombing on 9/11).
However, no subject endorsed current or lifetime symptoms suf-
ficient or severe enough to qualify for any psychiatric diagnosis,
including adjustment disorder or acute stress disorder. Thus,
even with the inclusion of the subjects exposed to traumatic
events, this comparison group constituted a homogenous group
of symptom-free individuals.

Other axis I diagnoses were made by using the Structured Clin-
ical Interview for DSM-IV (16). The diagnostic interviews were
conducted by a trained psychologist (S.L.H.) or psychiatrist
(J.A.G., L.M.B.) with established interrater reliability, and the di-
agnoses were reviewed at a consensus conference by clinicians
blind to the biological data.

Biological Measures

Baseline blood samples were obtained at 8:00 a.m. before dexa-
methasone administration for the determination of cortisol and
ACTH levels. The participants ingested an oral dose of 0.5 mg of
dexamethasone at 11:00 p.m., and blood samples for determina-
tion of cortisol, ACTH, and dexamethasone levels were obtained
at 8:00 a.m. on the day following dexamethasone ingestion.

Plasma cortisol levels were determined by radioimmunoassay,
as previously described (17). The intra-assay and interassay coef-
ficients of variation were 4.0% and 6.8%, respectively. ACTH levels
were assayed by using a commercially available kit (IncStar, Still-
water, Minn.). The intra-assay and interassay coefficients of vari-
ation were 4.7% and 7.1%, respectively. Dexamethasone levels
were measured by using commercially available antibodies (IgG
Corp., Nashville, Tenn.) according to a previously published
method (18). The intra- and interassay coefficients of variation
for dexamethasone were 8.0% and 9.0%, respectively.

The results of the DST for ACTH and cortisol are expressed as
both postdexamethasone hormonal levels and percentage sup-
pression, i.e., 100 × [(predexamethasone hormone – postdexa-
methasone hormone) / predexamethasone hormone].

Data Presentation and Statistical Analyses

Group differences in cortisol and ACTH levels and in ACTH-to-
cortisol ratios were examined by using analysis of variance
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(ANOVA) or covariance (ANCOVA). For the primary analyses com-
paring the hormonal responses to dexamethasone of the two
groups, repeated-measures ANCOVA was used with the within-
subjects factor being day (i.e., pre- or postdexamethasone). The
hormone values were substantially kurtotic for predexametha-
sone cortisol (kurtosis=4.90) and for postdexamethasone ACTH
(kurtosis=6.27); the former kurtosis likely reflects an extremely
low predexamethasone cortisol level in the non-PTSD group, and
the latter reflects a floor effect in response to dexamethasone ad-
ministration. Therefore, the natural logarithms of both the pre-
and postdexamethasone hormone values were used in all analy-
ses, with the exception of calculations of percent suppression of
ACTH and cortisol following dexamethasone administration. The
raw data, however, will also be reported so that they can be com-
pared to other observations in the literature.

The difference of two logarithms is equivalent to the logarithm
of their ratio. Therefore, testing the effect of day (pre- versus post-
dexamethasone) in the repeated-measures analysis is equivalent
to examining whether the log-transformed ratio of pre- to post-
dexamethasone ACTH or cortisol levels is significantly different
from zero and, accordingly, provides the relative change in ACTH
and cortisol values, respectively, from pre- to postdexametha-
sone. Analyses of the interactions of day with between-subjects
variables are equivalent to tests of group differences in the re-
spective log-transformed pre- to postdexamethasone ratios (i.e.,
they represent group differences in the relative change, respec-
tively, in ACTH and cortisol following dexamethasone). Tests of
the interactions of day with covariates in the analyses are equiva-
lent to regression analyses of the logarithms of ratios.

Before analyses for the purpose of hypothesis testing were per-
formed, initial analyses to identify potential confounds in the
data were undertaken. Age, ethnicity, gender, medication status,
weight, height, body mass index, diagnosis of major depression,
and plasma dexamethasone level were tested individually for as-
sociation with both the raw and log-transformed biological out-
come measures. This screening process revealed a significant
gender effect for the predexamethasone ACTH level (F=10.28, df=
1, 36, p=0.003) and for both the raw (F=4.41, df=1, 36, p=0.05) and
log-transformed (F=14.62, df=1, 36, p=0.001) postdexamethasone
ACTH levels, justifying the use of gender as a covariate in analyses
of ACTH and of the ACTH-to-cortisol ratio. None of the other vari-
ables assessed showed a significant association with the biologi-
cal variables. For medication status in particular, receiving any
medication at all was not significantly associated with the raw or
log-transformed cortisol or ACTH level or with the ACTH-to-
cortisol ratio, either at baseline or after dexamethasone adminis-
tration (for all analyses, F≤1.69, df=1, 36, p≥0.20). The use of seda-
tives was similarly not significantly associated with any of the
aforementioned hormonal values (in all cases, F≤0.68, df=1, 36,
p≥0.41). A diagnosis of major depression was not significantly as-
sociated with any of the preceding variables for the group as a
whole (in all cases, F≤2.30, df=1, 36, p≥0.14) or for the subgroup
with PTSD (in all cases, F≤2.86, df=1, 17, p>0.10). Thus, neither
major depressive disorder nor medication status was used as a
covariate.

Lastly, the plasma dexamethasone level was not found to corre-
late significantly with either the raw or log-transformed value of
ACTH (respectively, r=–0.16, p=0.34, and r=–0.22, p=0.19, covaried
for gender, df=35) or cortisol (r=–0.01, p=0.98, and r=–0.07, p=
0.69, N=38). However, the plasma concentration of dexametha-
sone differed significantly between the subjects with and without
PTSD (F=4.87, df=1, 36, p=0.04) (Table 1); therefore, dexametha-
sone level was used as a covariate in all analyses involving post-
dexamethasone hormone values. Pearson’s correlations and par-
tial correlations controlling for gender and, where appropriate,
for dexamethasone level were performed to assess relationships

among the biological measures and between these measures and
symptom severity assessments.

Results

Characteristics of the Study Group

Demographic characteristics of the subjects are re-
ported in Table 1. Nineteen participants met the diagnos-
tic criteria for PTSD. Eleven of those meeting criteria for
PTSD also had a comorbid diagnosis of major depressive
disorder (N=9), dysthymia (N=2), or another anxiety disor-
der (N=5). The ethnic groups included Caucasian (N=23),
African American (N=10), Hispanic (N=3), and Asian (N=
2). The participants in the groups with and without PTSD
were comparable in age (F=0.01, df=1, 36, n.s.), gender
(χ2=0.15, df=1, n.s.), ethnic distribution (Caucasian versus
other, χ2=2.75, df=1, n.s.), and medication status (χ2=0.11,
df=1, n.s.) (Table 1). Not surprisingly, there were signifi-
cant group differences in PTSD symptom severity as mea-
sured by the intrusive (F=87.92, df=1, 36, p<0.0005), avoid-
ance (F=162.92, df=1, 36, p<0.0005), and hyperarousal (F=
126.36, df=1, 36, p<0.0005) subscales of the Clinician-

TABLE 1. Descriptive, Clinical, and Biological Characteris-
tics of Subjects With (N=19) and Without (N=19) PTSD

Characteristic Without PTSD With PTSD
Mean SD Mean SD

Descriptive data
Age (years) 54.21 19.28 54.74 15.54
Height (m) 1.73 0.07 1.73 0.08
Weight (kg) 72.46 9.02 75.01 14.76
Body mass index (kg/m2) 24.14 2.60 25.07 4.16

N N
Gender

Male 14 15
Female 5 4

Medication status
Yes 8 9
No 11 10

Mean SD Mean SD

Clinical data
Clinician-Administered 

PTSD Scale scores
Total 1.58 6.88 71.95 20.41
Intrusive subscale 0.16 0.68 19.53 8.98
Avoidance subscale 0.79 3.44 30.00 9.36
Hyperarousal subscale 0.63 2.75 22.42 7.99

Mississippi PTSD Scale total 
score 60.94 11.80 118.33 25.94

Biological data
Before dexamethasone 

administration
ACTH level (pg/ml) 24.33 16.01 25.47 19.40
Cortisol level (µg/dl) 11.46 6.58 12.52 3.29
ACTH-to-cortisol ratio 2.75 2.12 2.14 1.60

After dexamethasone 
administration
Dexamethasone level 86.26 26.71 115.84 51.99
ACTH level (pg/ml) 8.87 8.38 4.19 3.30
Cortisol level (µg/dl) 3.14 2.12 1.97 1.28
ACTH-to-cortisol ratio 4.89 7.81 2.48 1.76
Percent ACTH suppression 66.09 16.24 80.39 9.73
Percent cortisol suppression 70.54 20.26 83.98 10.63
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Administered PTSD Scale as well as the total scale (F=
202.73, df=1, 36, p<0.0005) and the Mississippi PTSD Scale
(F=69.52, df=1, 33, p<0.0005).

ACTH and Cortisol Suppression in PTSD

ACTH responses to dexamethasone are illustrated in
Figure 1, grouped by presence or absence of PTSD diag-
nosis; group means are presented in Table 1. Repeated-
measures ANCOVA of pre- and postdexamethasone ACTH
levels revealed a significant group-by-day interaction (F=
13.17, df=1, 34, p=0.001), demonstrating a greater reduc-
tion of ACTH following dexamethasone ingestion in indi-
viduals with than without PTSD. In this within-subject
analysis, neither gender nor plasma dexamethasone level
was a significant covariate. When the results were ex-
pressed as the percentage of suppression of ACTH, one-
way ANCOVA demonstrated a significant main effect of
group (F=12.59, df=1, 34, p=0.001), reflecting significantly
greater dexamethasone-induced suppression of ACTH in
the PTSD group. Again, neither gender nor dexametha-
sone level was a significant covariate.

With respect to cortisol, repeated-measures ANCOVA
similarly demonstrated a significant group-by-day inter-
action (F=7.29, df=1, 35, p=0.02), indicating a greater re-
duction in cortisol following dexamethasone ingestion in
individuals with than without PTSD. Plasma dexametha-
sone level was not a significant covariate in the interaction
with day. When these relationships were expressed as the
percentage of cortisol suppression, one-way ANCOVA
demonstrated a significant main effect of group (F=5.08,

df=1, 35, p=0.04), without a significant effect of plasma
dexamethasone level.

In order to estimate adrenal responsiveness in PTSD, we
examined the ACTH-to-cortisol ratios before and after
dexamethasone administration. Repeated-measures AN-
COVA revealed no significant main effect of day (F=0.00,
df=1, 34, n.s.) or of group (F=0.44, df=1, 34, n.s.) and no
significant group-by-day (F=0.04, df=1, 34, n.s.) or gender-
by-day (F=0.22, df=1, 34, n.s.) interaction. However, the
between-subjects analysis showed gender to be a signifi-
cant covariate (F=13.90, df=1, 34, p=0.001) because of the
lower predexamethasone ACTH-to-cortisol ratio in women
(mean=1.05, SD=1.03; N=9) than in men (mean=2.87, SD=
1.88; N=29). Dexamethasone level was not a significant
covariate.

To further explore this gender effect, we performed a
two-way ANOVA and ANCOVA, with both PTSD and gen-
der as main effects, on the pre- and postdexamethasone
ACTH-to-cortisol ratios, respectively. Results for both the
basal ACTH-to-cortisol ratio (F=16.42, df=1, 34, p<0.0005)
and the postdexamethasone ACTH-to-cortisol ratio (F=
8.31, df=1, 33, p=0.007) showed significant main effects for
gender, but neither demonstrated a significant group ef-
fect, and dexamethasone level was not a significant co-
variate in the postdexamethasone analysis. Finally, we ex-
amined the possibility of a gender-by-group interaction in
a two-way repeated-measures analysis of pre- and post-
dexamethasone ACTH-to-cortisol ratios, which demon-
strated only a between-subjects main effect of gender (F=
13.34, df=1, 33, p=0.001) (i.e., for the average of the pre-
and postdexamethasone ratios) without evidence of a sig-
nificant PTSD effect, PTSD-by-gender interaction, or asso-
ciation with dexamethasone level as a covariate. There
was no significant between-subjects effect of day or inter-
action with day.

Correlational Analyses

Correlations were used to examine associations among
log-transformed biological measures, between these bio-
logical variables and the severity of PTSD symptoms, and
between percentage suppression of ACTH or cortisol and
symptom severity. There were significant associations be-
tween pre- and postdexamethasone cortisol levels (r=0.49,
df=35, p=0.002), with dexamethasone concentration con-
trolled for, and between pre- and postdexamethasone
ACTH levels (r=0.59, df=34, p<0.0005), with gender and
dexamethasone level controlled for. Additionally, post-
dexamethasone ACTH and cortisol levels were signifi-
cantly correlated (r=0.42, df=34, p=0.02), with gender and
dexamethasone level controlled for. In contrast, the pre-
dexamethasone ACTH and cortisol levels were not signifi-
cantly correlated (r=0.10, df=35, n.s.), with gender effects
controlled for. Percentage of ACTH suppression was sig-
nificantly correlated with percentage of cortisol sup-
pression (r=0.42, df=34, p=0.01), with gender and dexa-
methasone level controlled for.

FIGURE 1. Plasma ACTH Levels at 8:00 a.m. on Two Days,
Before and After Ingestion of 0.5 mg of Dexamethasone, in
38 Subjects With and Without PTSDa

a Black lines represent mean values.
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Table 2 shows correlations between the biological vari-
ables and severity of PTSD symptoms for the 34 subjects
who had been exposed to at least one potentially trau-
matic event and were interviewed with the Clinician-
Administered PTSD Scale. Postdexamethasone ACTH and
cortisol levels, but not predexamethasone values, were
significantly correlated with PTSD symptoms. Both per-
centage of ACTH suppression and percentage of cortisol
suppression were significantly correlated with severity of
PTSD as represented by scores on the Mississippi PTSD
Scale and the Clinician-Administered PTSD Scale. Neither
the pre- nor postdexamethasone ACTH-to-cortisol ratio
was significantly correlated with symptom severity (data
not shown).

Discussion

The main findings of this study are that PTSD was asso-
ciated with an enhanced suppression of ACTH in response
to dexamethasone and that the ACTH-to-cortisol ratio did
not differ between groups before or after dexamethasone
administration. These findings suggest that it is unlikely
that the low cortisol levels following dexamethasone ad-
ministration in PTSD occur as a consequence of low adre-
nal output and/or abnormal adrenal sensitivity to ACTH.
The data further strengthen the hypothesis that PTSD is
associated with an enhanced cortisol negative feedback
inhibition of ACTH secretion, likely mediated at the level
of the pituitary, and implicate high pituitary glucocorti-
coid receptor sensitivity as a possible mechanism.

Enhanced cortisol suppression following dexametha-
sone administration has been consistently observed in
PTSD (1, 13, 19–22). However, to our knowledge the ACTH

response to dexamethasone in PTSD has not been previ-
ously investigated. There are several advantages to includ-
ing measures of ACTH in studies using the DST. The ACTH
response to dexamethasone is a more direct measure of
feedback inhibition of the pituitary and, unlike cortisol,
permits an estimation of feedback inhibition that is inde-
pendent of the functioning of the adrenal gland. ACTH
levels are also unaffected by artifacts associated with dif-
ferences in corticosteroid binding globulin, which may af-
fect the ratio of bound to unbound cortisol. High levels of
corticosteroid binding globulin have been observed in
PTSD (11) and might partially account for lower cortisol
levels.

ACTH levels were measured at a single time point in the
current study, which may be a methodological limitation
because of the pulsatile secretion of this hormone and be-
cause of the moment-to-moment fluctuations that can
occur in response to transient stressors, including the
stress of venipuncture. However, the ACTH findings in the
PTSD literature to date are based on just such samples.
This study and the clear majority of studies have shown no
significant difference in basal ACTH levels between PTSD
and comparison subjects, even when cortisol levels ob-
tained from the same blood sample were found to be sig-
nificantly lower (11, 23, 24). Lower baseline 8:00 a.m. cor-
tisol levels were also not observed in this study; however,
this is consistent with results in other studies failing to
demonstrate low cortisol levels in PTSD patients at 8:00
a.m. (e.g., reference 25) and, more important, with results
from a comprehensive circadian rhythm analysis demon-
strating that cortisol levels were significantly lower in
PTSD patients than in comparison subjects at night, dur-
ing the nadir of the diurnal cycle (8).

TABLE 2. Bivariate and Partial Correlations of PTSD Symptom Scores With Pre- and Postdexamethasone ACTH and Cortisol
Values and Percentage Suppression in 34 Subjects With Exposure to Traumatic Events With or Without PTSD

Correlation (r)

Clinician-Administered PTSD Scale Scores (N=34)

Hormone Variable Intrusions Avoidance Hyperarousal Total
Mississippi PTSD 

Scale Score (N=32)
Measured values

Before dexamethasone administrationa

ACTHb –0.21 –0.15 0.02 –0.12 –0.06
Cortisolc 0.21 0.28 0.24 0.26 0.24
ACTH-to-cortisol ratiob –0.32 –0.31 –0.14 –0.27 –0.22

After dexamethasone administrationa

ACTHd –0.57*** –0.34* –0.40* –0.45** –0.43*
Cortisole –0.44** –0.33 –0.42* –0.41* –0.32
ACTH-to-cortisol ratiod –0.13 –0.01 0.03 –0.03 –0.08

Percentage suppression
ACTHd 0.45* 0.32 0.43* 0.41* 0.42*
Cortisole 0.42* 0.40* 0.45** 0.44** 0.38*

a Correlations of ACTH and cortisol levels and of ACTH-to-cortisol ratios are based on log-transformed pre- and postdexamethasone values.
b Data are partial correlations controlling for gender (df=31 for Clinician-Administered PTSD Scale scores, df=29 for Mississippi PTSD Scale

score).
c Data are Pearson correlations (N=34 for Clinician-Administered PTSD Scale scores, N=32 for Mississippi PTSD Scale score).
d Data are partial correlations controlling for gender and dexamethasone level (df=30 for Clinician-Administered PTSD Scale scores, df=28 for

Mississippi PTSD Scale score).
e Data are partial correlations controlling for dexamethasone level (df=31 for Clinician-Administered PTSD Scale scores and df=29 for Missis-

sippi PTSD Scale score).
∗p<0.05. **p<0.01. ***p<0.001.
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Although lower cortisol levels in the face of apparently
normal ACTH levels could reflect a relatively low adrenal
output, the lack of greater ACTH release in the setting of
low cortisol levels implies that there may be an additional
component of feedback to the pituitary acting to depress
ACTH levels. High ACTH levels would be expected not
only from the loss of feedback inhibition associated with
low adrenal cortisol output but also from the possible con-
tribution of greater CRH stimulation (5, 26). Thus, the con-
sistent finding of apparently normal ACTH levels in PTSD
suggests a more complex model of the regulatory influ-
ences on the pituitary in this disorder than is implied by
low adrenal functioning, which may be in part accounted
for by enhanced sensitivity to negative feedback.

In considering enhanced glucocorticoid negative feed-
back as a putative mechanism for the other HPA axis ab-
normalities observed in PTSD, it should be stated that glu-
cocorticoid negative feedback inhibition is multifaceted,
involving diverse levels of glucocorticoid action at multi-
ple sites (e.g., pituitary, hypothalamus, and extrahypotha-
lamic sites) and multiple receptor subtypes. Corticoster-
oids act on both mineralocorticoids and glucocorticoid
receptors, which appear to mediate different components
of feedback inhibition, and may produce different effects
depending on factors such as time of day, in that receptor
availability depends on whether glucocorticoid levels are
at their peak or nadir (for example, see reference 3). The
complexity in the regulation and action of corticosteroid
receptors may result in some of the differential effects ob-
served when somewhat different types of neuroendocrine
challenge tests are used to test HPA axis functioning.

Indeed, neuroendocrine challenges involving the as-
sessment of ACTH have produced mixed results in PTSD.
In response to cholecystokinin tetrapeptide (CCK-4), a po-
tent stimulator of ACTH, ACTH increases were less in indi-
viduals with PTSD than in comparison subjects, despite
comparable ACTH levels at baseline (23). Cortisol levels
were lower in the PTSD patients at baseline but rose to as
high as those in the comparison subjects in response to
CCK-4. It is important, however, that the rate of cortisol
decline from the peak was faster in the subjects with
PTSD, consistent with a more sensitive negative feedback
inhibition that could be accounted for by greater gluco-
corticoid receptor responsiveness at the pituitary. In a sec-
ond study (7), a high dose (2.5 g) of metyrapone was used
to almost completely block cortisol production in both
PTSD and comparison groups, thus removing negative
feedback inhibition by cortisol from the HPA axis. Greater
increases in ACTH and 11-deoxycortisol were observed in
male combat veterans with PTSD than in nonexposed
male subjects, suggesting that under resting conditions
there is greater cortisol-induced negative feedback inhibi-
tion in PTSD subjects. Neither a pituitary nor adrenal in-
sufficiency would likely result in a greater ACTH response
to removal of negative feedback inhibition; the former
would be associated with an attenuated ACTH response,

and low adrenal output would not necessarily affect the
ACTH response.

In contrast to the preceding findings, support for low
adrenal functioning has also been observed. Kanter et al.
(11) used lower doses of metyrapone (750 mg adminis-
tered twice) to block endogenous cortisol production and
then introduced cortisol by means of an infusion, to test
the effects of negative feedback inhibition. The reintro-
duction of cortisol following metyrapone administration
should result in a greater suppression of ACTH in PTSD if
enhanced negative feedback were present. However, the
ACTH response was not significantly different in indi-
viduals with and without PTSD. Interpretation of these
findings is complicated, however, since there were group
differences in the cortisol response to metyrapone. Metyra-
pone administration produced a significantly greater de-
crease in cortisol in the comparison subjects than the
PTSD subjects. Thus, the higher endogenous cortisol lev-
els may have inhibited ACTH secretion in the PTSD group.

The CRF challenge test has also produced discrepant re-
sults in PTSD. A blunted ACTH response to CRF, which is
theoretically consistent with an enhanced negative feed-
back effect of cortisol to inhibit ACTH secretion, has been
observed in combat veterans and in abused children.
However, in sexually abused women with PTSD, an aug-
mented ACTH response has been observed. There is some
disagreement about whether the greater ACTH response
to CRF occurs in the face of a low cortisol response to
ACTH (27) or in tandem with an augmented cortisol re-
sponse (28). The former pattern would be consistent with
low adrenal functioning, but the latter would not.

Finally, it should be noted that a gender difference was
observed with respect to basal and postdexamethasone
levels of ACTH but not cortisol. Correspondingly, there
was a significantly lower ratio of ACTH to cortisol in the
women than in the men, consistent with the literature that
suggests that the adrenal gland may be more sensitive to
ACTH in women (29, 30). However, no significant gender
differences were present in the percentage suppression of
either cortisol or ACTH following dexamethasone admin-
istration. This observation requires further examination in
a cohort with a sufficient proportion of women that the
possibility of gender differences in the interaction be-
tween PTSD and the ACTH response to dexamethasone
can be examined. It may be that yet-unidentified gender
differences in ACTH release underlie some of the inconsis-
tent neuroendocrine observations in PTSD.

In sum, the results of the current study suggest that the
findings of enhanced suppression of cortisol in response
to dexamethasone in PTSD may be mediated by dexa-
methasone effects on glucocorticoid receptors at the pitu-
itary and are not a secondary consequence of a low adre-
nal capacity. In so doing, the data provide further support
for the model of an enhanced negative feedback inhibi-
tion in PTSD. However, the findings should be considered
in the light of a prior literature that has produced some-
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times mixed support for this proposal. Although some of
the discrepant findings may be explained by methodolog-
ical problems or population differences, other neuro-
endocrine abnormalities, such as low pituitary or adrenal
functioning or abnormal level of corticosteroid binding
globulin, may also be part of the PTSD syndrome.
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