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Twenty-Four-Hour ACTH and Cortisol 
Pulsatility in Depressed Women
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Increased plasma cortisol in patients with major depression 
is a well documented finding, although it is present in only 
25–30% of subjects with major depression. However, 
ACTH and cortisol are secreted in a pulsatile manner, so it 
is unclear if increased ACTH secretion occurs in depression 
and if there are changes in the pulsatile components of 
ACTH secretion. Ten-minute sampling for ACTH and 
cortisol was performed for 24 hr in 25 premenopausal 
depressed women, whose age and menstrual cycle day 
matched control women. As a group, the depressed women 
demonstrated a trend to increase cortisol secretion (p 

 

�

 

 
0.089). There was no difference in mean cortisol between the 
patient group as a whole (8.36 

 

�

 

 2.9 

 

�

 

g/dl) and those 
patients meeting criteria for atypical depression (8.38 

 

�

 

 1.9 

 

�

 

g/dl), but patients meeting criteria for endogenous showed 
increased cortisol (12.17 

 

�

 

 4 

 

�

 

g/dl) Mean ACTH was not 
significantly different between patients and controls. Pulse 

analyses revealed similar number of secretory events and 
similar amplitudes for cortisol secretory bursts in patients 
and controls. The baseline component area under the curve 
of cortisol secretion was increased at a trend level (p 

 

�

 

 .064) 
in depressed patients, and the baseline AUC for ACTH was 
significantly increased in depressed patients (p 

 

�

 

 .045). No 
differences were found in pulsatile components of ACTH 
secretion between patients and matched controls. Harmonic 
analyses indicated no significant differences between 
patients and controls on any detected rhythm for ACTH or 
cortisol. These data suggest that the pulsatile and circadian 
components of the HPA axis are normal in premenopausal 
depressed women and that only 24% of depressed women 
demonstrate hypercortisolemia. 
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© 2001 American College of Neuropsychopharamcology.
Published by Elsevier Science Inc.

 

KEY

 

 

 

WORDS

 

: 

 

Cortisol; Depression; HPA axis; Hormone 
pulsatility; Circadian rhythms; Ultradian rhythms

 

Dysregulation of the HPA axis is one of the most com-
mon findings present in individuals suffering from ma-
jor depression (Carroll et al. 1976a, 1976b; Sachar et al.
1973). The prevalence of abnormalities is in part depen-
dent upon the measure chosen and the subgroup of de-
pressed patients. About 30% of patients with major de-

pression demonstrate hypercortisolemia, while 66% of
melancholic depressed subjects show non-suppression
of cortisol to dexamethasone (Carroll et al. 1981; Hal-
breich et al. 1985; Linkowski et al. 1985; Pfohl et al. 1985;
Rubin et al. 1987). Studies have found an association be-
tween cortisol non-suppression to dexamethasone and
baseline cortisol (Poland et al. 1987) suggesting that in-
creased cortisol secretion is the primary defect respon-
sible for resistance to dexamethasone feedback.

While many studies have focused upon cortisol, the
examination of 24 hr ACTH secretion is less frequent
and more problematic (Deuschle et al. 1997; Linkowski
et al. 1985; Mortola et al. 1987; Pfohl et al. 1985). Earlier
studies used radioimmunoassay methodology that was
neither as sensitive nor as specific for intact ACTH as
the current two-site IRMA methodology. Furthermore,
the majority of studies used a sampling frequency that
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was greater than the half-life of the hormone, so that in-
creases in ACTH secretion could be missed. Given that
it is possible that increased cortisol could result from in-
creased sensitivity of the adrenal to ACTH, it is critical
to establish that increased cortisol secretion is reflecting
a central CRH dysregulation rather than occurring as a
consequence of changes in the adrenal gland.

In addition to mean hormone levels, the central ner-
vous system controls a number of other hormone
rhythms that include pulsatile rhythms and circadian
and ultradian rhythms. In depressed patients, abnor-
malities in circadian regulation of the HPA axis have
been proposed. An earlier onset of cortisol secretory ep-
isodes was first reported by Sachar et al. (1973), and
phase advance of the cortisol rhythm has been observed
in aging (Van Cauter et al. 1996). Large scale studies by
Halbreich et al. (1985), Rubin et al. (1987), and Pfohl et
al. (1985) were mixed in support of an earlier onset of
the first cortisol secretory episode and cosinor analysis
did not support a phase advance in the circadian
rhythm of cortisol in any of these studies. A recent
meta-analysis by Van Cauter of the cortisol data from
Rubin et al. (1987), Sachar et al. (1973), Mortola et al.
(1987), and others revealed evidence of overall in-
creased glucocorticoid secretion with the largest effect
at the nadir of the circadian rhythm (Wirz-Justice 1994).
Furthermore, this analysis found evidence of an earlier
onset of the first cortisol secretory episode in depres-
sion. Data from our group examining circadian varia-
tion in the response to the administration of
metyrapone, a compound which blocks cortisol synthe-
sis, revealed increased central/pituitary drive in the
evening compared to the morning in patients with de-
pression, supporting alterations in circadian driven
HPA axis secretion (Young et al. 1994, 1997).

Hormone pulsatility is another critical aspect of en-
docrine secretion. In the HPG axis, pulse frequency is a
critical factor beyond mean hormone levels in regulat-
ing the axis. GnRH pulse frequency regulates not only
secretory patterns of LH and FSH, but also differen-
tially regulates mRNA levels of the subunits of LH and
FSH in the pituitary (Marshall et al. 1991). Furthermore,
GnRH pulse frequencies that are too fast or too slow
lead to infertility (Belchetz et al. 1987). It is known that
cortisol and ACTH are secreted in pulses. However,
much less is known about pulse frequency in the HPA
axis than in the HPG axis and still less is known about
depression. The report of Mortola et al. (1987) examined
six patients and reported an increase in ACTH pulse
frequency. However, the number of pulses of ACTH
found by Mortola et al. (1987), 9.9 pulses in 24 hr in con-
trols, using Cluster to detect ACTH pulses is signifi-
cantly less than the number found by Veldhuis and col-
leagues (40 pulses) in normal men using the newer
deconvolution analysis (Veldhuis and Johnson 1992,
1986; Iranmanesh et al. 1990). Finally, while HPA axis

overactivity in depression is the usual type of HPA axis
dysregulation that is observed, Gold and colleagues
have proposed, based upon data from patients with
chronic fatigue syndrome and fibromyalgia, that pa-
tients with atypical depression manifest a hypoactive
HPA axis and an underactive CRH neuron in the
paraventricular nucleus (Crofford et al. 1994; Demi-
track et al. 1991; Tsigos and Chrosous 1994). However,
they have never examined HPA axis activity in de-
pressed patients with atypical depression. To deter-
mine if any of the CNS controlled HPA axis rhythms,
particularly pulsatile, circadian, or ultradian rhythms,
differed between depressed patients and matched con-
trols, the current studies were undertaken evaluating
ACTH and cortisol pulsatility in 25 women with major
depression and a control group of 25 women matched
for age and menstrual cycle day.

 

METHODS

Subjects

 

All subjects were premenopausal women who ranged in
age from 20–50 years. Depressed women were recruited
from patients presenting to the University of Michigan
Mood Disorders program for treatment. All studies
were approved by the University of Michigan Institu-
tional Review Board (IRB). All subjects were medically
healthy and untreated for the current episode at the time
of the study. All were free of psychotropics and any
other medications except for non-prescription pain
medications, for more than three months. No subject en-
gaged in shift work or traveled across more than 3 time
zones within the 3 months prior to study. Subjects were
studied on the general medical Clinical Research Center
(CRC), where they were admitted for 26 hr. All subjects
signed an informed consent. The Structured Clinical In-
terview for DSM-IV (SCID-IV) and structured Hamilton
rating was conducted on all patients by our research
nurse to confirm the diagnosis. The clinical diagnosis of
major depression agree with the SCID-IV diagnosis in
all cases. Normal controls had no previous psychiatric
diagnosis as confirmed by SCID non patient version
(SCID-NP), conducted by our research nurse. They had
no first degree relative with any Axis I disorder and no
second degree relative with an anxiety or mood disor-
der as ascertained by questioning the subject on all rela-
tives. All subjects underwent a screening physical exam,
blood work and urine drug screen. All controls were in-
dividually matched to each patient and matched on age
and menstrual cycle day and length.

 

Protocol

 

Subjects presented to the CRC at 8:00 

 

A

 

.

 

M

 

. on day 1,
when an intravenous catheter was inserted. After a 60-
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min recovery period, 10 min sampling was initiated for
24 hr. Normal saline was infused throughout the study.
While subjects were able to get up to go to the bath-
room, they remained at bedrest for the 24 hr of the
study. All meals were standardized in time and con-
tent. Eating between meals was not permitted, but de-
caffeinated beverages were provided at set times. Sub-
jects were free to turn off the lights at their usual sleep
times, but all lights were off by midnight. During over-
night sampling, blood was drawn with the aid of a
flashlight and nurses recorded whether the subjects
were awake or asleep with each 10 min sample. All
samples were drawn in a plastic syringe and mixed
with EDTA in a polypropylene tube. Samples were im-
mediately placed on ice and spun at least every two
hours. Previous studies in our laboratory have vali-
dated the stability of ACTH and cortisol when samples
remained on ice for four hours. A 24 hr urine was col-
lected simultaneously during the 24 hr stay on the CRC.

 

Hormone Assays

 

ACTH was assayed with Allegro HS ACTH IRMA
(Nichols Diagnostics, San Juan Capistrano, CA, USA), a
two-site assay highly specific for intact ACTH. The sensi-
tivity of the assay is 5 pg/mL. Intra-assay variability aver-
aged 9%, and interassay variability of the internal control
sample averaged 19%. Cortisol was assayed with DPC
Coat-a-Count assay, a solid phase radioimmunoassay. An
aliquot of the 24-hr urine was extracted prior to assay fol-
lowing the manufacturer’s directions for assay of urinary
cortisol. The detection limit of the assay is 0.2 

 

�

 

g/dl. In-
traassay variability averaged 5% and interassay variability
of the internal control sample averaged 8%. All samples
collected were assayed for ACTH first, and then cortisol,
to avoid loss of ACTH secondary to freezing and thawing.
Each patient’s samples were assayed with her matching
control in both assays. Each assay measured only one pa-
tient and her matched control (290 samples total).

 

Pulsatility and Statistical Analyses

 

All ACTH and cortisol data were analyzed with Pulsefit
and deconvolution (Kushler and Brown 1991; Veldhuis
and Johnson 1992). However, because of the circadian
rhythm of these hormones, the assumption that all se-
cretion was the result of pulsatile mode led to unrea-
sonably long half-lives for ACTH and cortisol, resulting
in poor fit of the calculated pulses to the actual data.
Thus the data were analyzed with a new algorithm,
Smoothing Baseline Pulse Pulses (SBPP) (Guo et al.
1999), which allows for a changing baseline. This algo-
rithm identifies every time point at which there is sig-
nificant secretion, called inputs or secretory episodes.
Adjacent secretory episodes are not combined into
pulses and therefore the number of secretory episodes

should exceed the number of pulses. The fitted parame-
ters from the analyses consist of average baseline, num-
ber of secretory episodes, average amplitude, and half
life. In addition, AUC was calculated for each hormone.
Furthermore, the total hormone secretion was divided
into two components: baseline and pulsatile. All pulsa-
tile components were analyzed after subtraction of the
baseline component. AUC, half-life, total secretion, av-
erage amplitude, and average baseline were log (base e)
transformed and number of secretory episodes was
square root transformed prior to analyses with a paired
t-test. Results that show a marginal level of significance
(p 

 

�

 

 0.1) or better are reported.
To determine circadian and ultradian rhythms of cor-

tisol and ACTH for the controls, harmonic analysis was
used whereby both sine and cosine waves were fitted to
the 24 hr ACTH and cortisol values using the harmonics
of 24 hr (i.e., 24 hr, 12 hr, 8 hr, 6 hr, 3 hr, 2 hr, 1 hr, and 30
min). If either sine or cosine term for a specific frequency
was significant, both terms for that harmonic period re-
mained in the model. The data for each individual, both
patient and control, were then fitted by the circadian
model identified above. Patient and control pairs were
analyzed by paired 

 

t

 

-test for differences in maximum
time and log (base e) transformed amplitude (i.e., fitted
maximum 

 

�

 

 minimum). In addition, a RM-ANOVA was
used to compare patients and controls for each hormone,
where blocks of time was the repeated factor.

 

RESULTS

 

All depressed subjects met DSM-IV criteria for major
depression. Twenty-five depressed patients and
twenty-five matched controls were studied. Six de-
pressed subjects met criteria for definite endogenous by
Research Diagnostic Criteria (RDC), seven met criteria
for non-endogenous, and the remaining 12 subjects met
RDC criteria for probable endogenous. By DSM-IV cri-
teria, seven met criteria for atypical depression. Five of
these were non-endogenous by RDC criteria. Seventeen
patients were recurrent unipolar, seven patients were in
their first episode of depression and one was bipolar II,
depressed. Seven subjects had dysthymia preceding the
onset of their current depressive episode; nine of the
subjects met criteria for comorbid anxiety disorders
(GAD 

 

�

 

 2; panic disorder 

 

�

 

 4; simple phobia 

 

�

 

 5; social
phobia 

 

�

 

 2). The mean age of the patients was 29.0 

 

�

 

7.8 (SD). The mean age of the controls was 29.0 

 

�

 

 7.9
(SD). The mean severity of depression as assessed by
the Hamilton Depression Rating Scale (21 item) was
19.6 

 

�

 

 5.3 (SD). The mean Hamilton score in the con-
trols was 1.0 

 

�

 

 1.5 (SD). Subjects were studied at ran-
dom phases of the menstrual cycle; and the controls
were matched for menstrual cycle day (follicular 

 

n

 

 

 

�

 

12; luteal 

 

n

 

 

 

�

 

 13).
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Mean cortisol and ACTH

 

The mean cortisol data are shown in Figure 1. As can be
seen, the depressed patients as a whole demonstrate a
trend to increased cortisol secretion [mean cortisol AUC
was 10,712 

 

�

 

 3,611 (SD) in controls and 12,051 

 

�

 

 4,023
(SD) in patients (p 

 

�

 

 .089)]. The mean 24-hr cortisol in
controls was 7.25 

 

�

 

 1.5 (SD) 

 

�

 

g/dl. In depressed pa-
tients, the mean cortisol was 8.36 

 

�

 

 2.9 (SD). Six of the
25 depressed patients demonstrated mean cortisol
greater than the mean plus one SD of the control sub-
jects (9.7 

 

�

 

g/dl).
Patients were divided by subtype into RDC-definite

endogenous and DSM-IV atypical depression. The cor-
tisol profiles for RDC endogenous depressed patients
and the control women are shown in Figure 2. As a
group, the increase in cortisol secretion is greater in the
endogenous subgroup than the depressed population
as a whole (compare Figures 1 and 2) with mean corti-
sol in endogenously depressed patients of 12.17 

 

�

 

 4.0

 

�

 

l/dl. However, even with the analysis restricted to the
endogenous subgroup only, the cortisol differences are
not significant. The mean cortisol value in patients
meeting RDC criteria for non-endogenous is 8.7 

 

�

 

 1.9,
still elevated in comparison to control subjects, al-
though not significantly. The cortisol profile for pa-
tients meeting DSM-IV atypical depression criteria and

controls is shown in Figure 3. As can be observed, the
cortisol levels were normal in those subjects. The mean
cortisol in atypical depressed patients was 8.38 

 

�

 

 1.9
(SD), the same as the mean for the entire depressed
population (8.36). Of the six patients with cortisol
greater than one SD above the mean, two met RDC cri-
teria for definite endogenous, three for non-endoge-
nous and one for probable endogenous.

We also examined the relationship between depres-
sion severity as assessed by the Hamilton (range 11–33)
and mean cortisol secretion and there was no signifi-
cant relationship (F 

 

�

 

 2.46, r 

 

�

 

 0.11, p 

 

�

 

 0.13). The
mean 24-hr urinary free cortisol was 72 

 

�

 

 10 in controls
and 77 

 

�

 

 13 in depressed women. There was no rela-
tionship (r 

 

�

 

 .10) between urinary free cortisol and 24-
hr mean plasma cortisol.

The 24-hr ACTH profiles for depressed and control
women are shown in Figure 4. As can be observed,
there is a small increase in plasma ACTH in women
with major depression, although this increase is again
not significant. The 24-hr mean ACTH in the controls
was 3.5 

 

�

 

 0.23 pM and in the depressed patients was
3.8 

 

�

 

 0.32 pM, or a 9% difference. This is only slightly
smaller than the 15% increase seen in mean cortisol. The
ACTH AUC was 5,635 

 

�

 

 2,104 (SD) in patients and
4,950 

 

�

 

 1,875 (SD) in controls, a non-significant in-

Figure 1. Twenty-four-hour cortisol profile in
26 depressed women and 26 age matched con-
trol subjects. Data are shown as the mean of 1-hr
blocks (6 samples) across subjects. Although the
cortisol levels appear higher in depressed
patients, this showed only a trend level of sig-
nificance.



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

2001

 

–

 

VOL

 

. 

 

25

 

, 

 

NO

 

. 

 

2

 

ACTH and cortisol pulsatility in depression

 

271

 

crease. The mean ACTH in the endogenous subjects
was 3.48 

 

�

 

 0.4 pM, again not different than controls.
The mean ACTH in the six hypercortisolemic de-
pressed women was 4.9 

 

�

 

 0.3 (40% increase), which
was not significant (p 

 

�

 

 0.13), possibly due to the small
sample size. The ratio of mean 24-hr cortisol to mean
24-hr ACTH was 2.2 

 

�

 

 0.19 (SEM) in controls and 2.5 

 

�

 

0.25 (SEM) in depressed patients, not significantly dif-
ferent. In the six subjects demonstrating cortisol one SD
above the mean, the cortisol to ACTH ratio was 3.12 

 

�

 

0.73 (SEM), not significantly different than controls.

 

ACTH and Cortisol Pulsatility Analyses

 

Table 1 presents the data for ACTH, and Table 2 for cor-
tisol SBPP analyses. As can be seen, there are no signifi-
cant differences between patients and controls in the
number of secretory episodes, half-life of hormone se-
cretion in either ACTH or cortisol. However, average
baseline ACTH was significantly increased in de-
pressed subjects (p 

 

�

 

 .041). Furthermore, there is large
variability between individuals in these parameters in
both patients and controls. For ACTH, approximately
60% of the ACTH secretion was in the baseline compo-
nent and 40% in the pulsatile mode (Table 1). For corti-
sol, approximately 35% of the secretion was in the base-

line mode, and 65% in pulsatile mode (Table 2). For
both ACTH and cortisol, the observed increases in total
AUC appear to be in the baseline component of secre-
tion. In the case of cortisol, there was a trend (p 

 

�

 

 .064)
to increased cortisol in the baseline AUC, and in the
case of ACTH the increase in baseline AUC was signifi-
cant (p

 

�

 

.045). The same analyses were conducted in the
subgroup of depressed patients with increased baseline
cortisol, but there were no significant differences in
ACTH or cortisol pulse parameters in this group.

 

Circadian Analyses

 

To determine whether there were alterations in the qui-
escent period onset and offset of cortisol secretion, we
adapted an algorithm from Van Cauter et al. (1996).
Quiescent onset was defined as six consecutive samples
(one hr) below 5 

 

�

 

g/dl and quiescent offset as six con-
secutive samples above 5 

 

�

 

g/dl. The normal control
and depressed patients demonstrate similar onset and
offset (Table 3). The mean length of the quiescent pe-
riod in controls was 7 hr 16 min 

 

�

 

 21 min (SEM) and in
patients was 6 hr 57 min 

 

�

 

 29 min (SEM), a non-signifi-
cant difference. Others have defined the onset of circa-
dian activity as the time of the first secretory episode.
However, because we drew more frequent samples

Figure 2. Cortisol profile in the 6 indi-
viduals who met RDC criteria for definite
endogenous. Data are shown as the mean
of 1-hr blocks (6 samples) across subjects.
As expected, the cortisol levels appear
higher although the difference is not sig-
nificant.
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than previous investigators, we were better able to de-
fine the nature of the pulsatile secretion of ACTH and
cortisol. In each individual subject there was no quies-
cent time in terms of absence of cortisol pulses. Even in
the late evening and at the time of sleep onset, pulsatile
cortisol secretion continued to occur. For ACTH quies-
cent onset and offset, we used the definition of
Linkowski et al. (1985), with the 24-hr mean hormone
concentration used as a limit. Quiescent period onset
was defined as six consecutive samples below the limit
and quiescent offset as six consecutive samples above
the limit. Again, no significant differences were found
between patients and controls, including the subgroup
of depressed patients with hypercortisolemia.

We examined the circadian pattern of hormone se-
cretion by analyzing the data in four hour blocks. The
four time blocks were: 22:00–1:50; 02:00–5:50; 06:00–
09:50; 10:00–13.50; 14:00–17:50; and 18:00–21:50. There
was a significant effect of time (p 

 

�

 

 0.0001) on ACTH
levels, but no significant difference between patients
and controls. Similarly for cortisol, there was a signifi-
cant difference in cortisol levels over time (p 

 

�

 

 0.0001)
and marginal differences between patients and controls
(p 

 

�

 

 0.072). No 4-hr block comparison differed between
patients and controls.

Based on harmonic analysis, for ACTH, significant
periods of 24 hr, 8 hr, and 6 hr were found. For cortisol,
significant periods of 24 hr, 12 hr, 8 hr, and 2 hr were

found. For the 2-hr rhythm, we further evaluated if pe-
riods between 100 and 140 min fit the data better than
120 min, but found the best fit with 120 min. There were
no significant differences between patient and controls
on these parameters, nor was there a significant interac-
tion with time. The data for clock time of maximum
hormone secretion and amplitude are presented in Ta-
ble 4.

 

Cross Correlational Analyses

 

Cross correlational analysis between ACTH and corti-
sol was performed on the “pulsatile” component of the
ACTH and cortisol secretion (baseline subtracted). The
maximum correlation was found at 

 

�

 

10 min (i.e.,
ACTH leads cortisol by one sample) (p 

 

�

 

 .0001). The
median lag was 

 

�

 

10 min, and the mean 

 

�13.1 min. In
42 of 50 individuals, ACTH preceded cortisol, in five
cases cortisol and ACTH rises were simultaneous, and
in three individuals cortisol rises preceded ACTH.
There were no patient control differences in these pa-
rameters.

DISCUSSION

The data presented in this study examine HPA axis
dysregulation in a sub-group of the depressed patient

Figure 3. Cortisol profile in 6 patients who
met criteria for atypical depression. Data are
shown as the mean of 1-hr blocks (6 samples)
across subjects. The cortisol profile looks the
same as the depressed population as a whole,
with no evidence of low cortisol.
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population: premenopausal women. The population
was restricted to younger women because we were
studying reproductive axis hormones in these same
women. Age restriction was used to reduce the variabil-
ity around perimenopause, so only two subjects over
the age of 45 were studied. We used an unselected pa-
tient population including patients with atypical de-
pression rather than restricting our population to mel-
ancholic depressed women only. Similar to other
studies, we found that only a small proportion (6/25,
24%) depressed women manifested increased baseline
cortisol (greater than 9.7 �g/dl). This is similar to the 7

of 32 (22%) patients who had mean cortisol levels
greater than 10 �g/dl in the study of Halbreich et al.
(1985). The studies of Rubin et al. (1987) and Pfohl et al.
(1985) used dexamethasone non-suppression to define
subgroups and found normal baseline cortisol in the
dexamethasone suppressors but significantly increased
cortisol secretion in dexamethasone non-suppressors,
which were 15/40 (38%) patients in the study by Rubin
et al. (1987) and 8/25 (32%) in the study by Pfohl et al.
(1985). We did not use dexamethasone to select a sub-
group, but overall our data in women agree with those
studies including males and older women subjects

Figure 4. Twenty-four-hour ACTH
profile in 26 depressed women and 26
age matched control women. The data
are expressed as the mean of hourly
blocks (6 samples) across subjects. There
is no significant increase in ACTH.

Table 1. Data from SBPP Analysis for ACTH

ACTH (Mean � SD)

Controls Patients

Number of secretory episodes 23.2 � 11.6 26.0 � 13.1
Average amplitude (pM) 2.2 � 1.5 2.0 � 0.9
Average baseline (pM) 2.0 � 0.8 2.5 � 1.0*
Half-life (Minutes) 23.2 � 10.8 21.6 � 8.2
AUC baseline 2945 � 1122 3583 � 1356*
AUC pulses 2022 � 1405 2032 � 1069

*p � .05.

Table 2. Data from SBPP Analysis for Cortisol

Cortisol (Mean � SD)

Controls Patients

Number of secretory episodes 38 � 12.8 39.2 � 13.7
Average amplitude (�g/dl) 2.9 � 1.6 3.0 � 1.3
Average baseline (�g/dl) 2.4 � 1.8 3.0 � 1.6
Half-life (min) 49.3 � 42.5 39.9 � 16.5
AUC baseline 3353 � 2541 4350 � 2239*
AUC pulses 7313 � 3878 7534 � 3449

*p � .064.
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showing normal cortisol secretion in most depressed
subjects. Interestingly, two studies have examined 24-
hr cortisol secretion in a male-only population and
matched controls (Deuschle et al. 1997; Linkowski et al.
1985) and found significantly increased cortisol secre-
tion. Thus, male depressed patients appear to demon-
strate more reliable cortisol hypersecretion, raising the
issue of sex differences in the HPA axis in depression.
Furthermore, as clearly demonstrated by a recent meta-
analysis, there are significant age effects on cortisol se-
cretion in older women and we have eliminated older
women from our study population (Van Cauter et al.
1996). We have previously observed significant age and
gender effects in dexamethasone feedback on both pitu-
itary and cortisol secretion, with low rates of dexam-
ethasone non suppression in premenopausal women
(Akil et al. 1993; Young et al. 1993).

Given that we were able to demonstrate increased
cortisol in some of the depressed patients, the question
of the relationship to diagnostic subtype was next ad-
dressed. Examining both melancholic and atypical de-
pressed women, we saw evidence of normal-to-increased
baseline cortisol compared to control women. The failure
to detect significant differences in cortisol in both sub-
groups is probably secondary to the small sample size of
these subgroups (n � 6 for endogenous and n � 7 for
atypical depression). Of the six women with mean cor-
tisol secretion greater than 9.7 �g/dl, only two met
RDC criteria for definite endogenous. Thus, there was
no clear association with diagnostic subtype. Even sub-
jects with atypical depression appeared to demonstrate
normal to increased cortisol secretion. This is in con-
trast to the hypothesis of Tsigos and Chrosous (1994)
who proposed low cortisol in this subgroup of patients.

The relationship of cortisol hypersecretion to ACTH
secretion was also addressed. Since some but not all

studies have demonstrated increased adrenal sensitiv-
ity to ACTH, it is unclear whether the hypercorti-
solemia of depression is a result of increased ACTH se-
cretion (Krishnan et al. 1990). Previous studies on
ACTH secretion were compromised by infrequent sam-
pling, lack of drug free status, lack of specificity of the
assay for intact ACTH, assays that were insufficiently
sensitive, or sampling only at a restricted circadian
phase. While some studies suggest increased mean
ACTH (Deuschle et al. 1997, Pfohl et al. 1985), others
found normal mean ACTH (Linkowski et al. 1985, Mor-
tola et al. 1987). Our data show no significant differ-
ences but the mean is slightly elevated (9%) in de-
pressed women. The six patients with increased
baseline cortisol also demonstrate increased ACTH se-
cretion suggesting that increased cortisol secretion is a
consequence of increased ACTH secretion. The mean
cortisol to ACTH ratio is also not significantly different
between controls and depressed patients, leading us to
conclude that there is no clear dissociation between the
ACTH and cortisol secretion.

We also examined circadian and ultradian rhythms
in cortisol secretion. We observed no difference be-
tween groups in the time of the ACTH or cortisol max-
ima or amplitude. Using the definition of either Van
Cauter et al. (1996) or Linkowski et al. (1985) to define
the onset and offset of the cortisol quiescent period, we
observed no differences in the onset time, offset time or
the quiescent period length in depressed women. This
is in contrast with our studies using metyrapone ad-
ministration restricted to the evening, where we ob-
served clear evidence of activation of the HPA axis in
depressed individuals (Young et al. 1994).

Both ACTH and cortisol are secreted in a pulsatile
fashion. These ACTH and cortisol pulses are believed
to result from pulses of CRH and thus represent an in-
trinsic central nervous system pulse generator, analo-
gous to the pulse generator demonstrated for GnRH se-
cretion. Our pulsatility analysis of cortisol secretion
demonstrated pulses throughout the 24 hr with no evi-
dence of changes in pulse frequency over the course of
24 hr. In fact, we continued to observe cortisol pulses
throughout the quiescent period, suggesting that CRH
continues to be secreted throughout the 24 hr, but that
pulse amplitude variation contributes to the circadian
rhythm of both hormones. In addition, it was difficult

Table 3. ACTH and Cortisol Quiescent Period Onset
and Offset

Control Depressed

Cortisol quiescent onset 19:10 � 24 min 19:50 � 20 min
Cortisol quiescent offset 2:55 � 24 min 2:50 � 20 min
ACTH quiescent onset 17:05 � 33 min 17:06 � 26 min
ACTH quiescent offset 4:15 � 16 min 4:24 � 20 min

Table 4. Circadian Analyses of ACTH and Cortisol

ACTH Cortisol

Maximum Time
(�SE)

Minimum Time
(�SE)

Amplitude
(�SE)

Maximum Time
(�SE)

Minimum Time
(�SE)

Amplitude
(�SE)

Controls 7:13 � 36 min 22:39 � 31 min 5.19 � 0.43 7:07 � 25 min 23:35 � 29 min 12.11 � 0.63
Patients 7:42 � 23 min 23:29 � 40 min 5.3 � 0.39 8:11 � 25 min 23:28 � 21 min 12.92 � 0.84
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to account for the change in cortisol and ACTH secre-
tion across the circadian rhythm as resulting from pul-
satile cortisol secretion only, resulting in a need to in-
volve more than one type of cortisol secretory activity,
both baseline and pulsatile components.

Several other studies have reported on ACTH pulse
frequency in either normal subjects or depressed pa-
tients. The number of pulses detected is dependent
upon the pulse detection algorithm used. The older al-
gorithms such as Cluster or Pulsar detect few pulses (10
or 6.4 pulses/24 hr) than newer pulse detection algo-
rithms such as deconvolution, which found 40 pulses in
24 hr. Our estimate of 23 and 26 secretory episodes per
24 hr is intermediate between the number of pulses ob-
served by Iranmanesh et al. (1990) with deconvolution
and that detected by Cluster or Pulsar. Our data do not
show any difference in patients and controls in pulse
number. The reports of Mortola et al. (1987) and Deus-
chle et al. (1997) using Pulsar and Cluster show more
pulses of ACTH in depressed subjects than normal con-
trols. Because the older pulse detection algorithms
failed to detect some of the ACTH pulse or secretory
events, the greater number of ACTH pulses seen in de-
pressed patients compared to controls in these reports
may represent pulses that were easier to detect because
of larger pulse amplitude in the depressed patients

Mortola et al. (1987) observed only five cortisol
pulses/24 hr, which is half the number of pulses they
observed for ACTH, while Linkowski et al. (1985)
found 17 pulses of cortisol, with no difference between
patients and controls. Of the four studies examining
cortisol pulsatility (including ours) only the report of
Deuschle et al. (1997) report increased number of
pulses. Deuschle et al. (1997) analyzed data over six
hours and again used a pulse detection program that
appears to underestimate pulse number. Thus, overall
the evidence suggests that increased cortisol secretion is
not due to increased pulse number but rather either in-
creased amplitude of pulses or increased baseline corti-
sol not secreted in a pulsatile manner. This suggests
that the CNS area controlling pulsatile hormone bursts
(i.e., the pulse generator) is normal in depression.

In conclusion, our study suggests that increased cor-
tisol secretion is found in only a small percent (24%) of
depressed premenopausal women. While as a group,
women who met RDC criteria for definite endogenous
showed elevated cortisol, the increase was not signifi-
cant in this subgroup. Examining the six depressed
women with the highest mean cortisol showed no clear
association with diagnostic subgroup. Furthermore,
women who met criteria for atypical depression
showed normal cortisol. Both ACTH and cortisol ap-
pear to be elevated in the same subjects, suggesting a
suprapituitary origin of the ACTH and cortisol hyper-
activity. There were no differences between patients
and controls in pulse number of either ACTH or corti-

sol. Nor was there a difference in mean pulse ampli-
tude. In fact, the increase in cortisol and ACTH ap-
peared to be in the baseline component of secretion.
Finally, we found no evidence of alterations in circa-
dian or ultradian parameters of the HPA axis in de-
pressed women. While surprising, the young age of the
study population may account for the relatively normal
HPA axis parameters, since age appears to be a signifi-
cant factor in phase advancing the cortisol rhythm and
also in increasing the rates of dexamethasone non-sup-
pression (Akil et al. 1993; Halbreich et al. 1984; Oxenk-
rug et al. 1983; Van Cauter et al. 1996). Finally, the rela-
tively small increases in cortisol observed in these
depressed subjects may be enough to restrain the cen-
tral overactivity, leading to a great underestimate of the
degree of HPA axis activation and circadian disruption
observed in these subjects. Newer studies examining
the HPA axis in an open loop state (metyrapone) could
shed further light on these issues.
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