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Psychotic major depression (PMD) is found to be a relatively common psychiatric condition that affects up to nearly 20% of patients with

major depression. Previous studies by our group have shown rapid reversal of psychotic symptoms in some PMD patients treated with

mifepristone, in addition to restoring a more normal afternoon cortisol release. The rationale for treating patients with PMD with a

glucocorticosteroid receptor antagonist is further discussed. In total, 30 patients with PMD were treated with either 600mg/day

mifepristone or placebo for 8 days in a randomized double-blind manner. The Hamilton Depression Rating Scale (HDRS) and the Brief

Psychiatric Rating Scale (BPRS) were administered at baseline and again after 8 days of treatment. Cortisol and ACTH were measured

hourly from 1800 to 0900 at baseline and after 8 days of treatment. Significantly, more patients in the mifepristone group (seven of 15)

showed a 50% or greater decline on the BPRS positive symptom subscale, an index of psychotic symptoms, as compared to the placebo

group (two of 15). Patients who received mifepristone had lower HDRS and BPRS scores at study completion compared to those who

received placebo, but these differences were not statistically significant. In addition, mifepristone significantly elevated cortisol and ACTH

levels and steepened ascending slopes from 1800 to 0100 and from 0100 to 0900 as compared to placebo. Clinical and biological effects

of mifepristone were comparable among males and females. Age was found to significantly and positively correlate with changes in

cortisol and ACTH. These results suggest that short-term use of mifepristone may be effective in the treatment of PMD and may re-

regulate the HPA axis. Additional blinded studies are warranted.
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INTRODUCTION

Psychotic major depression (PMD) is a relatively common
subtype of major depression (MD). Johnson et al (1991)
reported that 14.7% of subjects who met criteria for major
depression had a history of psychotic features. More
recently, in a sample of nearly 19 000 subjects across five
European countries, approximately 19% of those who
fulfilled criteria for major depression reported psychotic
features (Ohayon and Schatzberg, 2002). In this latter study,
unipolar major depression with psychotic features was
found to affect four in 1000 individuals (Ohayon and
Schatzberg, 2002). Similarly, in a study of consecutively
admitted depressed patients, approximately 25% were
psychotic (Coryell et al, 1984).

There are considerable data suggesting that PMD is a
distinct syndrome from nonpsychotic major depression

(NPMD), as evidenced by significant differences on a
number of different dimensions: neuropsychological testing
(Schatzberg et al, 2000; Fleming et al, 2004; Hill et al, 2004),
response to treatment (Spiker et al, 1985), and morbidity
and mortality (Rothschild, 2003; Vythilingam et al, 2003).
PMD patients also show a number of biological character-
istics that are distinct from NPMD patients. Most notably,
they demonstrate excessive hypothalamic–pituitary–adrenal
(HPA) axis activity, as evidenced by elevated urinary free
cortisol levels (Kathol et al, 1989), elevated evening and
night time cortisol levels (Sachar et al, 1973), and high rates
of dexamethasone nonsuppression (Nelson and Davis,
1997). Administration of glucocorticoids to healthy controls
(Lupien et al, 1999; Newcomer et al, 1999) results in
cognitive deficits similar to those seen with PMD (Schatz-
berg et al, 2000; Fleming et al, 2004; Hill et al, 2004). In
addition, a number of years ago, we hypothesized that the
psychotic features of PMD were due to excessive glucocor-
ticoid activity (Schatzberg et al, 1985).

HPA axis abnormalities reflect alterations in the usual
regulatory mechanisms of this pathway. For instance, HPA
axis activity is in large part controlled by the balance
between mineralocorticoid receptors (MR) and glucocorti-
coid receptors (GR) (Young et al, 2003; Otte et al, 2003;
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Spencer et al, 1998; Trapp and Holsboer, 1996; Kalman and
Spencer, 2002). An imbalance between the two receptors has
been postulated to play a major role in untoward responses
to stress and the development of major depression (Young
et al, 2003). MR binds with high affinity to cortisol and has
been shown to be involved in the regulation of both the
peak and nadir of the circadian rhythm, respectively, the
morning and evening in humans (Young et al, 2003; Otte
et al, 2003; Kalman and Spencer, 2002). Decreased MR
sensitivity has been hypothesized as occurring in major
depression (Oitzl et al, 1995; Gesing et al, 2001; Young et al,
2003). This could result in elevated cortisol levels since MR
in the hippocampus is thought to exert an inhibitory effect
on the HPA axis via projections to the hypothalamus (Oitzl
et al, 1995; Gesing et al, 2001; Young et al, 2003).

By contrast, GR mediates feedback changes when cortisol
levels are high such as in response to stress or during the
late night and early morning (which corresponds to the
ascending arm of serum cortisol levels following the nadir
of the circadian rhythm). As such, it would be expected that
a GR antagonist would exert a particularly dramatic effect
during the ascending arm of the HPA axis, which would
correspond to the period when it is believed that this
receptor is most involved in the regulation of the diurnal
cycle. Novel agents that act directly on the regulation of the
HPA axis may offer a new approach to the treatment of
psychiatric conditions marked by overactivity of this
pathway. For example, the steroid mifepristone (dimethy-
laminophenyl (17(-hydroxy-11(1(4-dimethylaminophenyl)
17(1-propynyl)estra-4,9-dien-3-one) is not only an anti-
progesterone but also, at high concentrations, an antagonist
of GR action in vitro and vivo (De Kloet, 1991). Two
previous studies by our group have shown significant
reduction of psychotic symptoms in some patients treated
with mifepristone (Belanoff et al, 2001, 2002), and a study
by Young et al (2004) reported that the drug rapidly
resulted in improved cognition (verbal memory) in non-
psychotic bipolar depressives. This effect in the Young et al
study was observed two weeks after completing a 7-day trial
of the drug.

We have hypothesized that mifepristone could exert two
major effects on HPA axis activity (Belanoff et al, 2002).
Mifepristone in vivo is a competitive inhibitor of GR but is
inactive at MR (Mahajan and London, 1997; Spitz and
Bardin, 1993). Both GR and MR reside in the cytoplasm.
When they bind with cortisol, they dimerize and translocate
to the cell’s nucleus (Trapp and Holsboer, 1996). Dimers
can be homodimers (MR–MR or GR–GR) or the hetero-
dimer (MR–GR) (Trapp and Holsboer, 1996). Each of the
dimers bind to DNA and produces a different gene product
(Trapp and Holsboer, 1996). By blocking GR, mifepristone
immediately reduces this receptor’s transmission but it also
raises circulating cortisol by blocking cortisol’s feedback
mechanism (Born et al, 1991). Hence, one major effect of
mifepristone may be to block GR, which is found in key
brain regions and in monaminergic nuclei and this could
then directly lead to symptomatic and cognitive improve-
ment. The other effect would be to block GR and indirectly
allow cortisol to ‘flood’ MR, which may lead to its
downregulation and resetting of the HPA axis. The latter
effect may then in turn lead to accentuation of the
descending and ascending slopes and potentially provide

an enduring effect beyond when the drug is stopped. ECT
also produces acute rises in cortisol and then results in a re-
regulation of the HPA axis, suggesting a common mechan-
ism of action (Belanoff et al, 2002; Fink and Nemeroff,
1989).

In this study, PMD patients were treated with mifepris-
tone or placebo for 8 days under double-blind conditions.
Cortisol and ACTH levels were measured from 1800 to 0900
immediately pre- and post-treatment. We hypothesized that
mifepristone would result in significant improvement in
psychotic symptoms as compared to placebo. Further, we
hypothesized that mifepristone as a GR antagonist would
have the greatest effects on cortisol during the ascending
arm of the HPA axis rhythm, given that this period of time
represents the maximal activity of the axis with the highest
sensitivity to GR feedback.

METHODS

Participants

Participants were recruited through in-patient and out-
patients facilities at Stanford University or self-referred
from online and print study advertisements. Pregnant or
lactating females as well as those with major medical
illnesses, histories of seizures, major head traumas,
abnormal clinical laboratory tests, those who were taking
systemic steroids, and individuals under the age of 18 were
excluded. Patients who were actively suicidal or who met
criteria for Obsessive-Compulsive Disorder were also
excluded.

Procedure

The study was approved by the Stanford University
Institutional Review Board, and all subjects gave written
informed consent before screening. Eligibility screening
procedures included the Structured Clinical Interview for
the DSM-IV (SCID; First et al, 1997), the 21-item Hamilton
Depression Rating Scale (HDRS; Hamilton, 1980), the Brief
Psychiatric Rating Scale (BPRS; Overall and Gorham, 1961),
and clinical laboratory tests (complete blood count,
comprehensive metabolic panel, thyroid-stimulating hor-
mone, urinary analysis, urine drug screen, electrocardio-
gram, and urine pregnancy for females). A diagnosis of
PMD was first made clinically by the treating psychiatrist
and confirmed with an independent SCID. Final diagnosis
was made by the research psychiatrist using clinical
interview data, SCID data, and BPRS ratings.

At the time of randomization, PMD patients had to score
at least 21 on the 21-item HDRS. All PMD subjects were
assessed as being psychotic based on a score of at least 5 on
the BPRS Positive Symptom Subscale (BPRS PSS), which
includes the following items: hallucinations, delusions,
thought disorganization, and suspiciousness. A score of 5
or more indicates at least a very mild presence of one of
these symptoms.

Of the 37 patients who were enrolled in the treatment
study, six patients at Day 0 no longer met entrance criteria
for PMD, as defined by the presence of symptoms rated on
the BPRS PSS. One PMD patient dropped out before study
completion due to an adverse event (worsening of pre-
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existing constipation). Thus, 30 patients’ data were analyzed
for this study.

Participants were required to have been on stable
medication regimens for at least 2 weeks prior to screening
and were then allowed to remain on their current
medications during the treatment study. Medications that
may directly interfere with the metabolism or the activity
of mifepristone, such as steroids and antifungals, were
excluded. Time between eligibility screening and start
of study (baseline) varied from 1 to 4 weeks and
was dependent on both patient and hospital facility
availability.

At 1600 on Day 0 (baseline), an intravenous line was
started in one arm and 8 cm3 of blood were drawn every
hour from 1800 to 0900, the following morning for the
determination of cortisol and ACTH levels. This blood
sampling procedure was repeated on Day 8. Subjects were
required to lie in bed 15 min prior to each blood sampling.
Plasma was immediately separated from whole blood by
centrifuge and then stored at �701C before assay. Cortisol
concentrations were measured using the Access Immunoas-
say System (Beckman Coulter, Chaska, MN). The sensitivity
is 0.4 mg/dl (11 nmol/l) and the precision within assays is
6.4–7.9%. ACTH concentrations were measured the Nichols
Advantage ACTH assay (Nichols Institute Diagnostics, San
Clemente, CA). The analytical sensitivity is 1.0 pg/ml. The
intra-assay variation varies from 3.0 to 3.2% and the inter-
assay variation from 6.8 to 7.8%. All assays were run blind
to medication.

Following baseline blood draws, patients were rando-
mized to either 600 mg per day of double-blind mifepristone
or placebo for 8 days. All clinical laboratory tests were
repeated after treatment was completed. Patients were rated
on the HDRS and BPRS by a blinded, trained clinical
administrator at baseline and on the eighth (last) day of
medication treatment and monitored daily for side effects
and safety during treatment. All patients were admitted to
the GCRC for pre- and post-treatment studies. The majority
of research subjects were admitted and stayed at the GCRC
for the length of study participation. However, some
subjects were only admitted to the GCRC for the days
during which they were undergoing either pre- or post-
treatment studies and otherwise participated on an out-
patient basis.

Statistical Methods

In order to examine baseline demographic differences (age,
education, and gender) between the mifepristone and
placebo groups, we used one-way ANOVA or w2 analyses.
Examination of the clinical utility of mifepristone in the
treatment of psychotic symptoms was of primary intent.
The primary clinical outcome variable was a 50% reduction
on the BPRS PSS (Belanoff et al, 2002; DeBattista and
Belanoff, 2004). Secondary clinical outcome variables were
BPRS Total score (30% reduction) and HDRS Total score
(50% reduction). Differences in dichotomous clinical
response between the mifepristone and placebo groups
were analyzed using w2 tests. Changes in scores on
psychiatric measures were examined using repeated-mea-
sures ANOVA, with medication (mifepristone or placebo)

as the between-subjects factor and time (Baseline and Day
8) as the within-subjects factor. Changes on continuous
psychiatric measure scores were tested for gender differ-
ences using one-way ANOVA and for associations with age
using Pearson correlations. Effect sizes were calculated
using Cohen’s d.

Next, differences in cortisol and ACTH were examined.
Regression lines were fit to each individual subject’s cortisol
and ACTH data in order to calculate slopes. Cortisol and
ACTH slopes were calculated from 1800 to 0100 (ie the
descending slope) and from 0100 to 0900 (ie the ascending
slope). Means from 1800–0100 and 0100–0900 were also
calculated for both cortisol and ACTH. Amplitudes were
calculated for cortisol and ACTH using the individual
maximum values minus individual overall mean values.
Changes in means and slopes from Baseline to Day 8 in
cortisol and ACTH between the mifepristone and placebo
groups were examined using repeated-measures ANOVA,
with medication as the between-subjects factor and time as
the within-subjects factor.

Gender differences were explored using factorial ANOVA,
with gender and medication type entered as independent
variables and changes in cortisol and ACTH levels as
dependent variables. Pearson correlations were used
separately in the mifepristone and placebo groups to
examine the relationship between age and changes in
cortisol and ACTH levels. Finally, linear regression was
applied to assess possible cortisol and ACTH predictors of
clinical response. Hypotheses were two-tailed (a¼ 0.05) and
tests were run using SPSS Version 12.

RESULTS

Patient Characteristics

A total of 30 patients who reported psychotic symptoms at
baseline completed the double-blind treatment and are
included in the present analyses. Of these patients, 15 were
randomized to placebo and 15 were randomized to
mifepristone. These two groups did not differ in age,
gender, or concomitant medications (see Table 1 for
demographic data). All had been on stable medication(s)
for at least 2 weeks, and all were still symptomatic at the
time of study participation. Current medications included:
10% antidepressants alone; 13.3% antipsychotics alone;
3.3% antidepressants in combination with anxiolytics;
46.7% combination of antidepressants and antipsychotics;
16.7% combination of antidepressants, antipsychotics, and
mood stabilizers; and 10% drug-free or anxiolytics alone.
There was no difference in medication usage between the
mifepristone and placebo groups.

No serious adverse events were encountered during the
study. Reported adverse events with mifepristone were rash
(4), fatigue (2), decreased appetite (1), increased irritability/
agitation (2), constipation (2), and dysmenorrheal (1);
with placebo, reported adverse events were nausea (1),
increased appetite (1), and fatigue (1). No abnormal
clinical laboratory measures were observed. Only one
patient dropped out due to an adverse effect (worsening
of pre-existing constipation) and was not included in the
analyses.
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Clinical Effects of Mifepristone

Baseline and Day 8 psychiatric rating scores are reported in
Table 2. At Day 8, BPRS positive symptoms, BPRS total
scores, and HDRS total scores for patients who received
mifepristone were lower compared to patients who received
placebo.

Significantly more patients in the mifepristone group (7/
15) met the 50% response criteria on the BPRS PSS as
compared to the placebo group (2/15; w2(1)¼ 3.968,
p¼ 0.046). There was a trend for more mifepristone patients
to meet the 30% response criteria for the BPRS total score
(8/15) compared to the placebo group (3/15; w2(1)¼ 3.589,
p¼ 0.058). We observed no significant differences in
response by HDRS score, as defined by a 50% reduction
in total score, between the mifepristone group (4/15) and
the placebo group (2/15; w2(1)¼ 0.833, p¼ 0.361).

Using repeated-measures ANOVA, we found no main
effect of medication for the BPRS positive symptoms
subscale (F(1,28)¼ 0.765, NS), BPRS total score (F(1,28)
¼ 2.710, po0.12), or HDRS total score (F(1,28)¼ 1.937,
NS). There was a significant main effect of time for the
BPRS PSS (F(1,28)¼ 8.062, po0.01), BPRS total score
(F(1,28)¼ 12.271, po0.01), and HDRS total score
(F(1,28)¼ 23.150, po0.001), such that significant clinical

improvement was observed in both the mifepristone
and placebo groups at Day 8. The medication-by-time
interaction in BPRS positive symptoms (F(1,28)¼ 3.916,
p¼ 0.058) was nearly significant, while the interactions
with medications were not significant for BPRS total
score (F(1,28)¼ 0.937, NS) or HDRS total score (F(1,28)¼
0.118, NS).

We observed a moderate effect size for mifepristone on
improvement in BPRS positive symptoms (Cohen’s
d¼ 0.65), and a smaller effect size for BPRS total score
(Cohen’s d¼ 0.46). A very small effect size was observed for
mifepristone on improvement in HDRS total score (Cohen’s
d¼ 0.09).

Pearson correlations showed no relationship for either the
mifepristone or the placebo groups between age and percent
change in BPRS positive symptoms (r¼ 0.026, NS and
r¼ 0.006, NS, respectively), age and BPRS total score
(r¼�0.291, NS and r¼�0.081, NS, respectively), nor age
and HDRS total score (r¼�0.254, NS and r¼�0.436, NS,
respectively) for the mifepristone group. Using one-way
ANOVA, we found no gender differences in either the
mifepristone or the placebo groups in percent changes in
BPRS positive symptoms (F(1,13)¼ 0.418, NS and
F(1,13)¼ 1.550, NS, respectively), BPRS Total score
(F(1,13)¼ 0.041, NS and F(1,13)¼ 0.309, respectively), nor
HDRS Total score (F(1,13)¼ 0.626, NS and F(1,13)¼ 0.434,
respectively).

Biological Effects of Mifepristone

Significant differences were not observed in baseline
cortisol or ACTH levels in patients who were later
randomized to mifepristone or placebo. A significant effect
of gender on baseline cortisol or ACTH was not observed.

As indicated in Table 3, significant main effects for drug
were observed on most cortisol measures, with increases
noted in both mean slopes (1800–0100 and 0100–0900) and
mean levels (1800–0100 and 0100–0900). These data
indicate that both descending and ascending rhythms
around the nadir were accentuated with active treatment
(Figure 1). In keeping with times of measurement, a
significant main effect was noted on amplitude. An
inspection of the data revealed that medication-by-time
interactions were observed primarily for 1800–0100 mean
and 0100–0900 slope, suggesting the rise in evening cortisol
may result in a significant suppression of the axis at the
nadir, with a steep 0100–0900 ascending slope.

Table 1 Patient Characteristics

Mifepristone
(n¼15)

Placebo
(n¼ 15)

Mean (SD) Analysis

Age (years) 36.4 (13.2) 38.8 (12.9) F(1,28)¼ 0.253, NS

Education (years) 14.8 (2.8) 15.4 (3.4) F(1,28)¼ 0.275, NS

Gender w2¼ 0.136, NS

Male 6 7

Female 9 8

Ethnicity w2¼ 7.043, NS

Caucasian 12 11

African-American 3 0

Hispanic 0 3

Asian/Pacific Islander 0 1

Table 2 Psychiatric Rating Scale Scores at Baseline and Day 8 of Double-Blind Medication

Mifepristone Placebo

Baseline
(n¼15)

Day 8
(n¼15)

Baseline
(n¼15)

Day 8
(n¼ 15)

Main effect Main effect of

Mean (SD) Mean (SD) of times medication Interaction

Positive symptom subscale 12.6 (3.94) 8.9 (3.42) 12.2 (3.99) 11.5 (5.02) F(1,29)¼ 8.062, po0.01 F(1,29)¼ 0.765, NS F(1,29)¼ 3.916, p¼ 0.058

BPRS total score 46.9 (5.69) 38.5 (9.61) 50.1 (8.48) 45.3 (13.83) F(1,29)¼ 12.271, po0.01 F(1,29)¼ 2.710, NS
(p¼ 0.111)

F(1,29)¼ 0.937, NS

HDRS total score 29.3 (5.00) 21.3 (7.14) 31.5 (5.11) 24.5 (9.27) F(1,29)¼ 23.150, po0.01 F(1,29)¼ 1.937, NS F(1,29)¼ 0.118, NS
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In contrast, the only significant main effects found for
medication alone on ACTH were 0100–0900 slope and
amplitude, although a number of significant interactions
were observed (see Table 4). The steep ascending slope and
significant amplitude are consistent with the suppression
effect on ACTH secondary to rises in evening cortisol
(Figure 2).

No significant gender differences were observed in
changes to cortisol and ACTH for either the mifepristone
or the placebo groups. While age did not significantly
correlate with any changes in cortisol or ACTH in the
placebo group, age was significantly correlated with change
in mean cortisol 0100–0900 (r¼ 0.615, p¼ 0.015), change in
mean ACTH 1800–0100 (r¼ 0.520, p¼ 0.047), and change
in mean ACTH 0100–0900 (r¼ 0.565, p¼ 0.028) in the
mifepristone group.

Relationship between Clinical and Biological Effects of
Mifepristone

Linear regression on the mifepristone group showed a
trend effect of change in mean ACTH 1800–0100
(t¼�2.129, p¼ 0.052) on percent improvement in
positive symptoms, and a significant effect on percent
improvement in BPRS total score (t¼�3.035, p¼ 0.010),
such that greater improvement was seen in patients
with greater decreases in mean ACTH levels between
1800 and 0100. No other changes in ACTH nor any
changes in cortisol were significantly associated with
improvement in psychiatric symptoms. For the placebo
group, there were no significant cortisol or ACTH
predictors of improvement on any of the psychiatric
measures.

Table 3 Cortisol Levels (mg/dl) at Baseline and Day 8 of Double-Blind Medication

Mifepristone Placebo

Baseline
(n¼ 15)

Day 8
(n¼15)

Baseline
(n¼ 14)

Day 8
(n¼ 14)

Main effect Main effect of

Mean (SD) Mean (SD) of time medication Interaction

1800–0100 Slope �0.470 (0.810) �1.398 (1.298) 0.056 (0.646) �0.323 (0.666) F(1,27)¼ 7.876** F(1,27)¼ 10.987** F(1,27)¼ 1.395, NS

0100–0900 Slope 1.631 (0.825) 3.407 (2.323) 1.565 (0.845) 1.726 (0.713) F(1,27)¼ 8.251** F(1,27)¼ 5.220* F(1,27)¼ 5.736*

1800–0100 Mean (mg/dl) 5.308 (1.806) 8.993 (4.013) 4.759 (2.570) 3.824 (1.366) F(1,27)¼ 4.340* F(1,27)¼ 15.157** F(1,27)¼ 12.251**

0100–0900 Mean (mg/dl) 10.482 (4.859) 18.390 (10.047) 10.819 (4.171) 11.041 (3.816) F(1,27)¼ 15.827** F(1,27)¼ 2.745, NS F(1,27)¼ 14.150**

Minimum (mg/dl) 1.871 (0.909) 2.918 (1.926) 1.945 (1.099) 1.379 (0.897) F(1,27)¼ 0.792, NS F(1,27)¼ 3.432, NS F(1,27)¼ 8.923**

Maximum (mg/dl) 19.579 (4.836) 35.697 (14.951) 20.071 (5.912) 20.044 (4.638) F(1,27)¼ 22.049** F(1,27)¼ 7.385* F(1,27)¼ 22.198**

Amplitude (mg/dl) 11.321 (2.650) 21.198 (10.091) 11.834 (4.493) 12.136 (3.119) F(1,27)¼ 15.977** F(1,27)¼ 5.593* F(1,27)¼ 14.136**

One placebo patient did not undergo the Day 8 blood draw, and is excluded from the analyses.
*po0.05; **po0.01.
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Figure 1 Cortisol levels (mg/dl) at Baseline and Day 8.
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DISCUSSION

In the current study, mifepristone was found to be
significantly more effective than placebo in reducing
psychotic symptoms. In contrast, significant changes in
HDRS scores were not observed, although more improve-
ment was seen in those receiving mifepristone.

As expected, mifepristone produced significantly elevated
cortisol and ACTH levels and steepened ascending slopes
from 1800 to 0100 and from 0100 to 0900 as compared to
placebo. The most significant effect of mifepristone on
ACTH was on the slope from 0100 to 0900. However, the
most robust effect of mifepristone on cortisol was on the

mean, particularly from 1800 to 0100, with mifepristone
treatment resulting in much higher increase in mean during
this time period in the overall group compared to placebo.
Interestingly, while change in mean ACTH levels from 1800
to 0100 did not differ between mifepristone and placebo
patients, it was the mean ACTH levels from 1800 to 0100
that differentiated those patients who responded clinically
to mifepristone versus those who did not. Patients who
showed greater clinical response showed a decrease in mean
ACTH levels 1800 to 0100, while those patients who did
respond not as well clinically showed an increase in mean
ACTH during the evening hours. This suggests that in those

Table 4 ACTH Levels (pg/ml) at Baseline and Day 8 of Double-Blind Medication

Mifepristone Placebo

Baseline
(n¼ 15)

Day 8
(n¼15)

Baseline
(n¼14)

Day 8
(n¼14)

Main effect Main effect of

Mean (SD) Mean (SD) of time medication Interaction

1800–0100 Slope �0.696 (1.225) �1.057 (2.037) �0.354 (1.233) �0.368 (1.476) F(1,26)¼ 0.350, NS F(1,26)¼ 1.104, NS F(1,26)¼ 0.300, NS

0100–0900 Slope 2.941 (1.661) 2.889 (2.419) 8.758 (5.965) 2.125 (2.083) F(1,27)¼ 8.733** F(1,27)¼ 11.391** F(1,27)¼ 14.819**

1800–0100 Mean
(pg/ml)

11.617 (4.148 14.006 (7.828) 15.390 (11.771) 13.330 (9.387) F(1,26)¼ 0.041, NS F(1,26)¼ 0.242, NS F(1,26)¼ 7.614**

0100–0900 Mean
(pg/ml)

21.010 (6.737) 39.174 (23.521) 27.139 (13.313) 26.428 (9.501) F(1,27)¼ 8.735** F(1,27)¼ 0.501, NS F(1,27)¼ 10.217**

Minimum (pg/ml) 6.309 (3.112) 6.629 (5.000) 9.346 (10.392) 5.937 (2.880) F(1,27)¼ 1.221, NS F(1,27)¼ 0.435, NS F(1,27)¼ 1.782, NS

Maximum (pg/ml) 41.915 (14.302) 91.486 (48.574) 59.528 (26.256) 45.791 (12.766) F(1,27)¼ 5.759* F(1,27)¼ 3.062, NS
(p¼ 0.092)

F(1,27)¼ 17.979**

Amplitude (pg/ml) 25.004 (12.426) 62.960 (38.224) 36.975 (16.938) 24.999 (8.043) F(1,27)¼ 4.441* F(1,27)¼ 5.499* F(1,27)¼ 16.010**

One placebo patient did not undergo the Day 8 blood draw, and is excluded from the analyses. A second placebo patient did not have complete ACTH from 1800–
0100, so their 1800–0100 mean and slope could not be calculated.
*po0.05; **po0.01.
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patients who respond well to mifepristone, the HPA axis
‘shuts off’ in the evening hours. An earlier study in a healthy
control reported 400 mg/day of mifepristone increased
cortisol and ACTH levels in the very early morning but
not during the evening hours (Wiedemann et al, 1992). In
contrast, we observed both the early a.m. effect as well as an
evening increase in cortisol. These data indicate the drug
can significantly increase cortisol in the evening, and in this
disorder the increase may be helpful in downregulating MR
resulting in a relatively lower nadir as compared to the
acrophase, greater 0100–0900 hours slope and amplitude.

The finding of elevated cortisol levels without an
associated increase in ACTH levels during the evening
may be related to several factors. One such factor may be
the longer half-life of cortisol, which in conjunction with
potentially a later peak in this hormone’s levels, past 0900,
could result in a prolonged elevation of cortisol levels
throughout the afternoon. It is also possible that the
antiglucocorticoid effects of mifepristone may become less
apparent by 0600 when cortisol levels have dropped
sufficiently. Two additional mechanisms of action may also
play a role in the drug’s biological effects. First, several
investigators have postulated that there are local inhibitory
feedback circuits involving GR in the adrenal. Thus, the
evening increase in cortisol but not ACTH levels with
mifepristone could in part reflect increased adrenal
sensitivity and cortisol response per ACTH pulse. However,
a major argument against this is that ACTH levels in the
early morning are increased more greatly than are cortisol
levels postmifepristone. The second mechanism of action
involves mifepristone’s inhibition of P-glycoprotein, which
transports glucocorticoids out of brain and thus could
sequester cortisol in brain (Karssen et al, 2002). As such,
mifepristone could sequester cortisol in the brain and
consequently play a role in reregulating the axis by flooding
MR. Pariante et al (2001, 2003) have argued elevated
peripheral cortisol could reflect low central cortisol in brain.
Thus, mifepristone could be acting by overcoming a central
cortisol deficiency. However, we do not believe this to be the
case in PMD. For one, cortisol elevation is seen only at
certain time points. Moreover, we have observed that
although cortisol infusions improve mood in nonpsychotic
depression (DeBattista et al, 2000), cortisol infusions in
PMD had no positive effects (Schatzberg, unpublished
data). Last, there may be different effects on specific
glucocorticoidsFfor example, a greater effect on retaining
corticosterone than cortisol (Karssen et al, 2002).

Interestingly, mifepristone had comparable clinical and
biological effects among males and females, despite the fact
that progesterone is higher in females and may thus alter
the responsivity to mifepristone. Also, age was found to
significantly and positively correlated with certain changes
in cortisol and ACTH. Human studies have failed to show
an association with increased basal cortisol levels and age
but have shown a positive correlation between age and
higher postdexamethasone cortisol levels and impaired
cortisol negative feedback. Studies by Oxenkrug et al (1983)
and Rosenbaum et al (1984) found positive correlations
between age and postdexamethasone cortisol concentration
among healthy subjects. Potentially, these age-related
changes may result in an independent effect of age on
treatment response with mifepristone. However, additional

studies will be needed to further explore the association
between treatment response with mifepristone and age.

Limitations of the current study include the relatively
small sample size and the fact that subjects were allowed to
continue their usual outpatient medication regimen. It is
anticipated that subsequent confirmatory studies with
larger sample sizes will help address the former concern.
In regard to the latter potential limitation, it is noteworthy
that mifepristone responders and nonresponders were on
comparable concomitant medication regimens, suggesting
an independent effect of the study drug. Indeed, concomi-
tant medication may potentially limit the degree of observed
benefit with mifepristone treatment. In our study, although
mifepristone-treated patients continue to demonstrate even
minimal symptoms of psychosis at study end, we noted a
trend toward ongoing symptom reduction when follow-up
is extended beyond study conclusion (unpublished data).
This trend toward continuing amelioration of symptoms of
psychosis beyond 8 days of treatment with mifepristone is
consistent with recent published findings by Simpson et al
(2005).

Another possible limitation of this study is that most
studies examining the relationship of cortisol and ACTH in
PMD have assessed afternoon (commonly 1300–1600)
cortisol, which makes direct comparison with our study
difficult. However, assessing hormone levels from 1800 to
0900 allows a better examination of both the descending
and ascending slopes, and thus a better evaluation of the
overall diurnal variation of cortisol and ACTH; although, it
may not accurately identify the peak (see above).

Additionally, it is possible that by assessing cortisol levels
only after 8 days of treatment with mifepristone, we may
have failed to capture the peak in cortisol values. In other
words, serially assessing cortisol levels for each day of
treatment might better enable us to define on what
treatment day the highest peak in cortisol levels occurs. It
is noteworthy that in a prior 4-day crossover study
(Belanoff et al, 2001), subjects demonstrated peak afternoon
(1300–1600) cortisol levels of as high as approximately
60 mg/dl in as little as 4 days of treatment. This may suggest
that an alternate approach toward inferring when the peak
in cortisol levels occurs may be to compare 24 h sampling of
cortisol on treatment day 4 with results obtained on
treatment day 8. However, such a study may not be feasible
because of the burden this would impose on potential study
subjects as well as the significantly increased amount of
blood sampling that would be required.

The present study supports findings from previous
studies with respect to mifepristone clinical effects (Belanoff
et al, 2001, 2002; Debattista and Belanoff, 2004). Belanoff
et al (2001) reported in a small clinical series that 4 days of
treatment at 600 mg/day of the drug rapidly reversed within
4–8 days psychotic symptoms in PMD patients, and the
effect appeared to last if patients continued or were started
on traditional treatments. A follow-up open-label trial of 30
PMD patients treated for 7 days with 50 mg, 600 mg, or
1200 mg/day of mifepristone resulted in improvement in
psychiatric symptoms in the 600 and 1200 mg groups
compared to the 50 mg group (Belanoff et al, 2002). In a
recently completed study of 207 drug-free patients,
mifepristone was significantly more effective than placebo
in producing a 50% reduction in psychotic symptoms
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immediately following 7 days of mifepristone treatment and
continuing to 3-week follow-up (mifepristone 41 vs placebo
27%, po0.05), while no significant differences were
observed for depressive symptoms (DeBattista and Belanoff,
2004). These data further suggest that a GR antagonist can
rapidly reverse psychotic symptoms and that the effect
appears to endure to for least 4 weeks. Additionally, Young
et al (2004) recently reported mifepristone to improve
neurocognitive function among bipolar depressed patients.
Overall, these studies suggest GR and MR as being of
potential etiologic importance in disorders marked by HPA
axis dysfunction, and that GR modification may offer a new
target for therapeutic intervention in psychiatric disorders
such as PMD and bipolar disorder.

In summary, mifepristone was found to be more effective
than placebo in reducing psychotic symptoms. Treatment
with mifepristone was not found to result in significant
improvement in depressive scores compared with placebo,
although more improvement was seen in those receiving
mifepristone. As expected, the drug produced significantly
elevated levels and steepened ascending slopes from 0100 to
0900, for both ACTH and cortisol. An unexpected finding
was mifepristone’s effect of elevated cortisol and ACTH
levels from 1800 to 0100. In addition, a significant
relationship was found for improvement in positive
symptoms and BPRS total score and decreased mean ACTH
1800–0100 among patients treated with mifepristone. Over-
all, the current data suggest that accentuation or steepening
of the diurnal variation in cortisol and ACTH levels is an
important correlate of response following 8 days of
treatment with mifepristone.
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