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Because patients with Cushing' syndrome (CS) and Major depressive disorder (MDD) 
share features of hypercortisolism and the depressive syndrome, we compared electro- 
encephalographic ( EEG ) sleep in patients with pituitary-A CTH-dependent Cushing's syn- 
drome (Cushing's disease, CD), patients with ACTH-independent Cushing's syndrome 
(AICS), patients with major depressive disorder (MDD), and normal subjects. There 
were substantial similarities in the abnormal polysomnography profiles of patients with 
CD, AICS, and MDD. All three patient groups demonstrated poorer sleep continuity, 
shortened rapid eye movement (REAl) latency, and increased first REAl period density 
compared with normal subjects. In addition, AICS patients and MDD patients had elevated 
REM activity and density. These findings are discussed in terms of models of patho- 
physiology that relate abnormalities in sleep, mood, and hypothalamic-pituitary-adrenal 
fimction. 

Introduction 
Many patients with spontaneous Cushing's syndrome (CS), which is characterized by 
hypcrsecretion and loss of circadian rhythm of cortisol, manifest features of the depressive 
syndrome including depressed and irritable mood, cognitive difficulties, and vegetative 
complaints (Starkman 1987; Statkman et al 1981; Haskett 1985 ). Symptoms of disordered 
sleep are common, with middle-night awakenings and early morning awakening observed 
in over 50% of patients (Starkman et al 1981). 

Pioneering studies of electroencephalographic (EEG) sleep in patients with CS were 
done nearly 2 decades ago (Krieger and Glick 1974; Krieger et al 1976), and remain the 
only such studies in the literature. These investigators studied five patients with pituitary- 
ACTH-depcndent CS, which is Cushing's disease (CD), and six patients with ACTH- 
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independent CS (AICS) due to a primary adrenal adenoma. They observed poorer sleep 
continuity with increased awake time and a diminished percentage of slow wave (delta-- 
8) sleep. 

Since that time, a significant proportion of psychiatric patients with major depressive 
disorder (MDD) have been shown to manifest dysregulation of the hypothalamic-pituitary= 
adrenal (HPA) axis, including elevated cortisol levels and early escape from suppression 
by dexamethasone (Carroll et al 1981; Stokes et al 1984; Evans and Nemeroff 1987). 
Abnormalities in sleep continuity and a decreased percentage of 8 sleep have been de- 
scribed in MDD patients as well (Reynolds and Kupfer 1987). In addition, rapid eye 
movement (REM) sleep has consistently been shown to be abnormal in MDD, particularly 
shortened REM latency and increased REM density (Kupfer and Ehlers 1989). 

Because patients with CS and patients with MDD share features of HPA axis dysre= 
gulation and the depressive syndrome, direct comparison of their sleep EEG profiles may 
help shed light on the pathophysiological mechanisms common to both conditions. We 
therefore extended the pioneering, small=sample studies of EEG sleep in patients with 
CD by adding an assessment of features of REM sleep, and compared CD patients directly 
with an age=matched group of patients with MDD. 

Methods 

Subjects 

CS Subjects. A consecutive series of patients with suspected CS were admitted to the 
Clinical Research Center (CRC) of the University of Michigan Hospital for diagnostic 
evaluation. The diagnosis of CS was established by standard clinical criteria, for example, 
moon facies, truncal obesity, sl<in and muscle atrophy, and most, if not all, of the following 
findings related to cortisol: lack of normal circadian rhythm in association with excessive 
secretion as measured by high urinary=free cortisol, cortisol secretion rates, and plasma 
cortisol values. Patients were further classified according to the type of CS. Patients with 
CD had normal or elevated ACTH levels, failed to suppress cortisol normally after 2 mg 
of dexamethasone, but showed greater than 50% suppression after 8 mg. The diagnosis 
of CD was further confirmed through microscopic pathology following pituitary surgery. 
Patients with AICS had suppressed ACTH levels and failed to suppress cortisol after 8 
mg of dexamethasone. The adrenal pathology was confirmed after surgery. 

Protocol for CS Subjects A semistmctured psychiatric interview was done (MNS) 
during ).he baseline period (Starkman et al 1981). A 14-item Hamilton Rating Scale fur 
Depression (HAM-D, modified for exclusion of items 15-17 relevant to their medical 
illness) was obtained (Starkman et al 1986). The mean - SD rating was 8.7 4- 5.6 
(range 2-17). 

Sleep studies were carried out in the CRC on the night of admission and the following 
night. Of 29 patients ultimately determined to have CS, 14 were excluded from analysis 
of sleep stages from night 2 for the following reasons: seven had significant sleep apnea 
on night I (>9 respiratory events/hr); two had taken within the prior 2 weeks medications 
that would invalidate the sleep measures (an antidepressant and a hypnotic), four had 
intermittent rather than chronic cortisol hypersecretion, and one was older than 70 years. 
Our sample for analysis of sleep architecture on night 2 thus consisted of 11 patients with 
CD two men, nine women) and four patients (one man, three women) with AICS. Nine 
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of these 11 CD patients received antihypertensive medications, but none were receiving 
alpha-methyl dopa. Five received diuretics, two received clonidine, one received the beta- 
blocker metoprolol, two received calcium channel blockers (nifedipine, verapamil), one 
an angiotensin converting enzyme (ACE) inhibitor (enalapril), and one prazosin. 

Depressed Patients. Patients with definite MDD by Research Diagnostic Criteria (RDC) 
and a 17-item Hamilton Depression (HAM-D) score ~> 15 were recruited from the Depres- 
sion Program of the University of Michigan; nine of these were part of a larger sample 
used in a preliminary report of the association of postdexa~-aethasone cortisol level with 
EEG sleep measures (Shipley et al 1989). Patients were matched for age ( _  3 years) to 
the I! CD patients. These MDD patients included eight women and three men (nine 
inpatients and two outpatients). RDC subtypes showed one to be psychotic; four were 
endogenous; one was bipolar I and one bipolar I1; and eight were primary and three 
secondary. The mean - SD 17-item HAM-D was 19.3 -4- 5.0. Six were dexamethasone 
suppression test (DST) nonsuppressors to 1 mg of dexamethasone. Patients were psy- 
chotropic drug free for a minimum of 14 days. Inpatient rooms were connected by cable 
to the sleep laboratory. Recordings were obtained for 2 consecutive nights, and data from 
the second night (nine inpatients) or third night (two outpatients) were used for the analysis. 

Normal Subjects. Eleven healthy volunteers (six men, five women) were recruited 
from advertisements, screened for medical or psychiatric illness, and matched for age to 
the CD patients (nine were ~<4 years and two were ~<5 years). No one was taking 
medication that would affect the sleep measures, and each was asked to abstain from 
alcohol for the 2 weeks preceding the recordings. Subjects slept for 2 consecutive nights 
in rooms in the sleep laboratory, and sleep apnea was ruled out on night 1. 

Polysomnography 

Data were transmitted from the CS patiem~' bedside to the sleep laboratory using a 
TeleDiagnostics S 10/RI0 telephone telemetry system, and sleep tracings were recorded 
using a Grass Model 78D polygraph, yielding a nominal EEG band pass of 0.3-30 Hz. 
Sleep recordings for normal controls used a Telefactor cable telemetry system and a Grass 
model 78D polygraph, yielding a nominal EEG band pass of 0.5-30 Hz. Sleep recordings 
for MDD patients were identical to the latter in two cases and for the remainder used 
remote direct cable connection to a Grass model 78D polygraph yielding a nominal EEG 
band pass of 0.3-30 Hz. For all subjects, electrode impedances were less than 5,000 
ohms and paper speed was 10 mm/sec. On the first night of hospitalization for controls 
and CS patients a full montage polysomnogram was used to rule out primary sleep 
disorders such as sleep apnea or nocturnal myoclonus. This included EEG (C3/A2), 
referential electrooculogram (EOG), submentai electromyogram (EMG), respiratory mon- 
itoring (nasal-oral thermistors, abdominal and chest strain gauges, and ear oximetry), 
electrocardiogram, and EMG of the anterior tibialis muscle. Most patients underwent a 
second recording night and next night, in which information required for sleep staging 
was recorded (EEG, EOG, and chin EMG). 

All polygraph records were scored visually using a 60 sec epoch according to modified 
Rechtshaffen et al (1968) criteria. The visually scored EEG sleep variables were divided 
into three groups: sleep continuity, sleep architecture, and REM sleep indices. 

Sleep Continuity Indices. Total recording period (TRP); time spent asleep (rSA) = 
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net sleep time; sleep efficiency (TSA/TRP x 100); sleep latency (time from the beginning 
of the recording until the onset of Stage 2 sleep for at least 10 rain interrupted by no 
more than 2 min of Stage 1, or 1 min of stage 1 plus 1 min of wakefulness); sleep 
maintenance (percentage of time asleep during the total recording period after sleep 
latency); wakefulness after sleep onset (time spent awake during the night which is 
bounded by sleep); and wakefulness during the last 2 hr of the recording. 

Sleep Architecture Indices. Percentages of net sleep time spent in Stage 1, 2, 3, 4, 
and REM; and 8, or slow-wave sleep (the sum of Stages 3 and 4). 

REM Sleep Indices. REM time (RT); REM activity (RA, an integrative measure of 
the frequency of REMs scored by visual inspection on a scale of 0-8/min of REM sleep); 
REM density (RA/RT); and REM ~l¢cp latency (the time between sleep onset and the 
first REM period, minus intermittent wakefulness during that interval). A REM period 
was defined as a minimum of 3 min of REM sleep within 30 min of each other. 

Statistical Analysis 

Comparisons ~0t individual sleep variables on night 2 between the three main groups of 
subjects were done by analysis of variance (ANOVA) with follow-up comparisons using 
the Fisher Protected LSD test. As the AICS group included only four subjects, these were 
not included in the ANOVA. Spearman rank order correlations between baseline cortisol 
measures in the CD patients versus their sleep measures were performed. To determine 
if urinary-free cortisol (UFC) measures were related to sleep measures in CD patients, 
median-split analyses was done using Mann-Whitney U-tests. 

Results 

Results for the ANOVA for EEG sleep measures for patients with CD, MDD, and normal 
subjects are presented in Table I. Also displayed for comparative purposes are mean - 
SD for sleep data for the four AICS subjects. 

Compared with healthy control subjects, the 11 CD patients showed significantly poorer 
sleep continuity, lighter non-REM sleep, shorter REM latency, and increased REM density 
in the first REM period. Detailed statistical comparisons between the patients with CD 
and normal subjects, as well as data concerning the increased incidence of sleep apnea 
in CS, are given elsewhere (Shipley et al, in press). 

Many similarities were observed in the sleep of CD patients and patients with MDD. 
Both groups showed a significantly longer sleep latency, less total sleep time, and lower 
sleep efficiency than did the normal subjects. In both CD and MDD patients, REM latency 
was significantly shortened, and REM density in the first REM period was significantly 
increased compared with control subjects. The mean percentages of delta sleep (sum of 
Stages 3 and 4) were not significantly different among the groups. 

There were also some differences between CD and MDD patients. CD patients differed 
from both MDD patients and controls in having greater awake time ,.luring the sleep 
period and thus lower sleep maintenance, and a significantly greater pelcentage of Stage 
1 sleep (lightest sleep). CD patients did not differ from normal subjects ,~n REM activity, 
whereas MDD patients had markedly greater REM activity than eithe) normal subjects 
or CD patients. All-night REM density in CD patients was intermediate between normals 
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Table  1. E E G  Sleep  Measures  in C D ,  M D D ,  A I C S  Pa t ien ts  °'b and  N o r m a l  Con t ro l s  

Variables CD MDD Normals AICS 

p <  

CD MDD 
vs. CD vs. vs. 

MDD normals normals 

Age 37.1 _ 11.9 37.5 - !1.4 38.2 + 11.7 33.3 m 16.7 
Total recording period 409.2 _ 32.5 409.1 .4- 53.1 413.2 - 43.3 412.3 --- 32.0 
Sleep continuity 

Sleep latency 50.7 __. 25.8 34.3 "4" 31.5 13.5 -- 15.7 18.8 .4- 7.4 0.001 0.01 
Awake during sleep 43.5 ± 34,8 12.5 --- 22.8 16.4 - 17.6 27.8 - 15.8 0.01 0.05 

time 
Total sleep time 306.0 ± 45,8 341.5 -*- 73.6 381.9 ± 50.8 351.5 --. 48.9 0.01 
Sleep efficiency 74.7 _ 7.9 83.2 - 14.0 92,3 .4. 6.0 85.0 - 7.0 0.01 0.05 

(%) 
Sleep maintenance 87.7 _ 9.5 96.4 _ 6.2 95.7 .4- 4.7 92.5 - 4.8 0.01 0.05 

(%) 
Sleep architecture 

Stage I% 24.7 .4- 13.3 10.1 _ 10.8 13.0 _ 5.2 9.6 ± 2.9 0.01 0.05 
St..:ge 2% 50.8 --- 12.2 51.4 - 12.0 59.7 ± 8.8 54,9 - 16.4 
Stage 3% 3,3 - 5.0 6.5 - 6.0 5.4 - 4.7 3.5 - 5.4 
Stage 4% 2.5 _ 8.3 3.7 - 7,2 2.1 .4. 3.3 3.8 --. 7.7 
Delta % 5.8 .4-12.5 10.2 - 10,6 7.5 - 7.4 7.4 .4- 13.0 
REM % 18.7 - 7.8 28.2 ± 6.3 19.8 ± 4.2 28.1 _ 6.6 0.01 0.01 

REM measures 

R~'+M latency minus 42.3 _ 34.7 35.6 ± 18.9 90.2 ± 54.5 37.0 ± 13.1 0.01 0.01 
awake 

REM periods 3.5 ± 0.8 3.4 ± 1.0 3.4 .4- 1,1 3.8 ± 0.5 
REM activity (U) 67.7 .4- 42.0 175.0 ± 57,7 65,5 ± 28,0 168.3 ± 34.1 0.001 0.001 
REM density I . I  ± 0.4 1.9 ± 0.5 0.9 ± 0.3 1.8 ± 0.6 0.001 0.001 
REM 1 time 15.5 ± 7.7 26.2 ± 16.6 21.3 ± 11.8 23,8 ± i l . 2  
REM I activity 19.6 ± 16.7 53.2 3 :49 ,2  13.2 ± 7.6 43.0 _ 23.6 0.05 0.01 
REM 1 density 1.2 ± 0,5 1.6 ± 0.8 0.6 ± 0.2 1.7 .4- 0.4 0.05 0.001 

Sleep measures are mean ± SD. 
"n = ! I/group except AICS n ~ 4.. 
~'ANOVA excludes AICS group, 

and MDD patients, although this reached significance only for the first REM period 
density. Mean Stages 3, 4, and delta sleep were not significantly different among the 
groups. 

Given the significant impairments in sleep continuity, shortening of REM latency, and 
increase in first REM period density we observed in the patients with CD, we investigated 
the association between the degree of cortisol elevation and the sleep measures in these 
patients. In the first analysis, a median split was made as a function of baseline UFC: 
five cases below 300 I~g/day (range 69-291), versus six cases above 300 ttg/day (range 
322-3,000). Mean age did not differ in these two groups. The subgroup with less marked 
elevation in UFC had higher whole-night REM density (p < 0.05), higher REM activity 
(p < 0.05), and higher REM density in the first REM period (p < 0.05). In the second 
type of analysis, Spearman correlation coefficients were computed between baseline 
plasma cortisol levels (8 AM, 4 PM. and 10 PM) and sleep measures. Cortisol level at 4 
PM was positively correlated with awake time during the sleep period (0.77, p < 0.05) 
and negatively with sleep maintenance ( -0 .74 ,  p < 0.05). Mean plasma cortisol was 
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negatively correlated with total REM activity ( -  0.75, p < 0.05) and with REM activity 
in the first REM period (-0.67,  p < 0.05). In summary, higher plasma cortisol and 
higher UFC were associated with lower REM activity, and higher plasma cortisol was 
associated with greater amounts of awake time and consequent lowered sleep maintenance. 

Comparison of Sleep Profiles of Two Forms of CS 
AICS and CD are of theoretical interest. AICS patients are exceedingly rare, and our 
current sample size of four is still too small for statistical analysis. Data for the four 
patients with AICS are included in Table I for comparative purposes, however, and reveal 
some differences from CD. Inspection of the data reveals that the AICS patients were 
remarkably similar to the MDD patients. Most notably, sleep continuity for the AICS 
patients was not as impaired as in CD patients, and REIVi activity and density in the AICS 
patients was higher than in CD patients. The AICS patients were similar to both the CD 
and MDD patients in that all three groups manifested lowered sleep efficiency, shortened 
REM latency, and increased first REM period density. 

Discussion 

This study reports the results of the first direct comparison of sleep EEG abnormalities 
in patients with CD and MDD. The results indicate that there are substantial similarities 
in the abnormal polysomnography profiles of patients with these two disorders. Both 
groups of patients manifested significantly increased sleep latency and decreased sleep 
efficiency compared with normal subjects. Both groups manifested significantly shortened 
REM latency and increased REM density in the first REM period. Some differences 
between CD and MDD patients were also noted. CD patients had even lighter sleep than 
the depressed subjects, as seen in their significant increase in Stage 1 sleep and greater 
awake time. CD patients did not have elevated REM percentage as in the MDD patients, 
and did not have an elevation of REM activity or whole-night REM density. 

Our sample of AICS patients is still small and the results are therefore preliminary. 
These four patients resembled the MDD patients even more closely than the CD patients 
did, in that they had very elevated total REM activity, had high REM density during the 
entire night as well as during the first REM period, and exhibited less abnormality in 
Stage 1 sleep percentage than CD patients. Further study of differences in the sleep of 
patients with CD and AICS should prove informative, as these two groups both dem- 
onstrate hypercortisolemia but differ in ACTH and beta lipotropin-beta endorphin levels, 
there being elevations in CD versus suppression in AICS. 

Technical considerations may have had an influence on the results of this study. Because 
one clinical manifestation of CD and AICS is hyperarousal (Starkman et al 1981), it is 
thus possible that these patients may require a longer adaptation period than the customary 
single night. The AICS patients, however, were able to show a higher sleep efficiency 
than the CD patients under the same procedure, suggesting that the pathophysiology of 
CD may be more important in explaining their poor sleep continuity. For both MDD and 
CS subjects, significant differences from normal subjects in percentage of 8 sleep were 
not observed. This finding for CD patients is not consonant with the findings of Krieger 
and Glick (1974) or Kfieger et al (1976), who reported clear decrements in 8 sleep in 
CS patients. This may be due in part to the higher low-frequency filter settings in the 
normals (0.5 ~ersus 0.3 Hz), which could reduce 8 activity and constitute a conservative 
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bias against finding a difference between normal and patient groups. Further work would 
benefit from using computerized 8 wave detection, which would increase the power to 
detect differences in B sleep (Armitage et al 1992). 

The hormonal and neural mechanisms underlying the similarities and differences of 
the abnormal sleep EEG patterns of patients with MDD, CD, and AICS are of theoretical 
interest. Because endocrine effects on, and interactions with, sleep stages are not yet 
fully understood, considerations of mechanisms can only be speculative at this time. 
However, the following neuroactive substaJ.lces and anatomical areas may be involved 
in both MDD and CS. 

Elevation and/or dysregulation of cortisol are common to MDD, CD, and AICS. Sleep 
continuity and maintenance were poor in patients with CD, suggesting that elevated 
cortisol may be associated with lighter sleep. Higher cortisol levels occurring toward 
morning in normal subjects have been associated with lighter sleep, in contrast to deeper 
sleep earlier in the night when cortisol is lower (Born et al 1986). Strong correlations 
between sleep continuity and cortisol levels were observed, as has been reported in MDD 
(Shipley et al 1989). Cortisol may have a role in slow wave sleep regulation, possibly 
acting through the mineralocorticoid (type I) receptor (Born et al 1991). This could account 
for some of the reduction in slow wave sleep reported by Krieger and Giick (1974). 

Gillin et al (1972) found that administration of prednisone increased B sleep and reduced 
REM sleep. Born ¢t al (1991) attributed the suppression of REM sleep following cortisol 
infusion in healthy volunteers to binding specifically at the glucocorticoid (type II) re- 
ceptor. CD patients, however, might differ in that there may be some adaptation to the 
chronic, very high levels of cortisol. In fact, our CD patients did not differ from normals 
in REM percentage. 

The subgroup of CD patients with less elevated UFC had higher whole-night REM 
density and higher REM activity and density in the first REM period. Similarly, we found 
a negative correlation between baseline plasma cortisol levels and REM activity. This 
suggests that the extremely high cortisol production, and possibly the increased ACTH- 
BE levels, in some CD patients may be inhibitory to the production of REM sleep phasic 
activity. It should be noted, however, that in a preliminary assessment of MDD patients 
(Shipley et al 1989), REM activity was not associated with postdexamethasone cortisol 
level. Although our sample size is still too small to draw definitive conclusions, this 
suggests that the more highly elevated ACTH-BE in CD compared with MDD may be 
an important factor in this inhibition of phasic REM activity. 

With regard to REM latency, Asnis et al (1983) demonstrated a negative correlation 
betweer. REM latency and baseline afternoon plasma cortisol level in MDD patients. 
Similarly, the present sample of MDD patients came from a much larger group in which 
a negative correlation between REM latency and postdexamethasone plasma cortisol level 
in a 1 mg DST was observed. In our sample of CD patients, REM latency, though 
significantly shortened, was not significantly correlated with baseline cortisol levels. 

Other hormones and neuroactive substances are also likely of importance. Nocturnal 
growth hormone secretion is reduced in both MDD (Jarrett et al 1990) and CS (Krieger 
and Glick 1974), and this may be linked to shortened REM latency (Kupfer and Ehlers 
1989). Delta-sleep-inducing peptide (DSIP), which is found in ACTH-containing pituitary 
cells (Bjartell et al 1989), may also be of significance. An important hormonal difference 
between MDD and Cushing's syndrome of both types is corticotropin-releas:,ng hormone 
(CRH), which is suppressed in both CD and AICS yet is normal or elevated in MDD 
(Kalin et al 1986; Krishnan et al 1990). As our sample enlarges, sleep EEG differences 
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between these subtypes of CS and MDD patients would suggest further support for the 
potential pathophysiological link between EEG sleep and arousal mechanisms and CRH 
suggested by Ehlers (1983). 

The catecholamine system is influenced by eorticosteroids. For example, cortisol stim- 
ulates tyrosine hydroxylase, the rate-limiting step in catecholamine synthesis (Schubert 
er al 1980). Steroid receptors located in the perikarya of central noradrenergic cells may 
influence genomic expression of these diffusely projecting systems which modulate the 
response of the organism to stress (Sulser 1989). In patients with CS, somatic symptoms 
of increased autonomic arousal such as increased sweating and restlessness are common, 
as are psychic symptoms of anxiety (Starkman et al 1981), and their plasma levels of 
norepinephrine are elevated (Cameron et al 1991). For patients with MDD, it has been 
suggested that their increased REM density and decreased slow wave sleep may reflect 
hyperarousal (Feinberg et al 1988; Feinberg and March 1988). Our findings of increased 
first REM period density in CD patients may be consistent with a hyperarousal hypothesis. 

The hippocampus is a likely region mediating the effects of hypercortisolemia on sleep 
parameters in both CS and MDD. The hippocampus is associated with ciradian rhythms 
and is involved in the production of both REM and ~i sleep (Melikov 1988). Animal 
research indicates that the hippocampus contains the highest concentration of cortisol 
binding sites in the brain, and that elevated levels of corticosteroids are toxic to subpop- 
ulations of these cells (Sapolsky et al 1988). Chronic exposure of the hippocampus to 
excessive levels of cortisol may therefore result in anatomic or functional alterations 
affecting sleep. 

A final mechanism related to sleep alterations in CD and MDD patients is the newly 
appreciated interaction of HPA axis products such as cortisol and 13 endorphin with 
lymphokines such as interleukin 1 or 2. Corticosteroids have long been known to have 
immunosuppressant properties. In turn, lymphokines have significant effects on sleep and 
interact with the HPA axis (Krueger et al 1990). 

We are currently enlarging our sample of patients with CD and AICS in order to 
investigate the association of sleep EEG abnormalities with HPA axis steroids and pep- 
tides, measures of immune function, and with the nature and severity of the affective 
and cognitive components of the depressive syndrome in these patients. 
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