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Abstract

Chronic exposure to elevated glucocorticoid (GC) levels in Cushing’s syndrome (CS) is
associated with deficits in cognitive function. It has already been shown that CS patients scored
significantly lower than controls on several aspects of cognitive function (J. Int. Neuropsychol.
Soc. 6 (2000) 20). In the present study, 13 subjects who presented with CS were investigated
one year after surgical treatment to determine the extent to which the effects of hypercortisol-
ism on cognitive function are reversible. Subjects were evaluated with a battery of tasks,
similar to the original battery of a year earlier and including tests of attention, visuospatial
processing, memory, reasoning and verbal fluency. Except for one task of visual organization,
the results showed little change in performance, suggesting that prolonged exposure to high
levels of GC can cause long-lasting deleterious effects on cognitive function. The data suggest
that correction of hypercortisolism is not necessarily correlated with short-term improvement

in cognitive function..0 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

It is now well established that the brain is an important target of circulating adrena
cortical hormones (McEwen, 1988). The steroid hormones secreted by the adrena
cortex — principally the glucocorticoids (GC) — have morphological and functional
repercussions on the central nervous system. For example, it is known both from
clinical experience and controlled studies that cognitive and mood symptoms can be
observed in patients suffering from hypercortisolism. Studies have also shown site-
and function-preferential effects of GC on hippocampal cells (McEwen, 1997;
McEwen and Magarinos, 1997). In fact, chronic exposure to high GC levels — such
as those seen in recurrent depressive disorder, prolonged physical and psychological
stress, normal aging and dementia — can modify the morphology and cognitive
functioning of the hippocampus (Uno et al., 1990; Starkman et a., 1992; De Leon
et a., 1993; Sheline et al., 1996; Lupien et al., 1998).

Patients with Cushing's syndrome (CS), a disease characterized by chronic
exposure to elevated endogenous adrenocortical hormones, principally cortisol, pro-
vides a natural model to study the interactions between hypercortisolism and brain
morphology and functioning in humans. Using structural neuroimaging (standard
MRI) of the brain, Starkman et al. (1992) reported selective atrophy of the hippocam-
pus in individuals who were estimated to have suffered from CS from one to four
years. These authors found a significant correlation between the severity of the hyper-
cortisolism and the extent of hippocampal formation atrophy as well as with the
severity of the accompanying learning and memory deficits. Their results suggest
there exists an association between reduced hippocampal formation, memory dys-
function and elevated cortisol in patients with CS. The results of Mauri et a. (1993)
also point to a mnesic impairment of moderate degree in CS patients relative to
matched normal controls.

The wide distribution of GC receptors in the cerebral cortex, however, suggests
that extrahippocampic sites can also be the target of adrenal hormones. Indeed, it is
likely that multiple regions of the brain are affected to some degree by hypercortisol-
ism. Bentson et al. (1978), with computerized tomography (CT) scans, described
cerebral atrophy in 15 patients on long-term GC therapy. Oberfield et al. (1994)
observed increased cortisol secretion in 15 HIV infected children, eight of which
showed CT scan evidence of hippocampa atrophy. A link has also been shown
between hypercortisolism and cerebral atrophy in the context of depressive disorders
(Rothschild et al., 1989). Kellner et a. (1983) obtained a significant correlation
between ventricular dilation (as measured by CT scan) and urinary free cortisol.
Similarly, Schlegel et al. (1989) found that mean plasma cortisol was positively
related to elevated ventricular/brain ratio. In addition, Schmidt et a. (1999) found
that healthy human adults treated with prednisone exhibit a right frontal EEG alpha
activity during treatment. Although limited in number, the reported pathological data
suggest that cerebral atrophy is present in CS. A pneumoencephalography study of
31 patients with CS revealed a high degree of cortical atrophy of the cerebral and
cerebellar hemispheres (Momose et a., 1971). More recently, Leclerc et al. (1996)
and Bourdeau et al. (1999) have shown that third ventricular width and bicaudate
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diameter were much larger in their CS patients when compared to controls. Also,
subjective ratings of atrophy performed by blind raters showed that the patients with
CS had significantly higher cerebral atrophy grades relative to control data (Leclerc
et al., 1996; Bourdeau et al., 1999; Simmons et al., 2000). Finally, Negro et a. (2000)
showed a total brain volume reduction in CS patients with volumetric decrements
specificaly observed in the frontal lobes and cerebellum.

Severa cognitive functions other than the commonly reported effects on memory
and learning can also be affected by the dysregulation of adrenal steroidogenesis. In
a recent study (Forget et al., 2000), we found that untreated CS patients scored
significantly lower than controls on general intellectua performance (1Q scores) and
in tests of treatment of visual and spatial information, attention, reasoning and verbal
fluency. Differences were also observed in verbal and nonverbal aspects of memory.
Starkman et al. (1981) reported that 83% of their Cushing's patients had impaired
memory and 66% had impaired concentration. Finally, Whelan et a. (1980) had
previously suggested that the pattern of neuropsychological deficits in CS patients
were comparable to those seen in patients with other types of diffuse bilateral neuro-
pathological processes.

It is unclear at this time whether these changes in structure and cognitive function
in subjects with CS are reversible after successful treatment. Heinz et a. (1977)
demonstrated a reversible cerebra atrophy in one patient with CS after adrenalec-
tomy. More recently, Starkman et al. (1999) measured the hippocampal volume prior
and after surgical treatment in 22 patients with Cushing's disease. Their study
showed that the hippocampal formation volume can increase following sustained
reduction of previously elevated cortisol concentrations. These results suggest that
morphologic changes in hippocampal formation volume are reversible with treat-
ment. Bourdeau et a. (1999) also confirmed that the cerebra atrophy in CS can
be partially reversed after correction of hypercortisolism. With respect to cognitive
functioning, the results of the only study which investigated recovery of neuropsych-
ological deficits showed a significant amelioration in verbal memory performance 6
months after the surgical treatment (Mauri et al., 1993). Using a more qualitative
approach, Gotch (1994) showed that 66% of treated patients with CS reported that
the disease till had a negative influence on several dimensions of their lives such
as physical, cognitve and affective capacities.

In this context, the focus of the present study was to evaluate whether the detrimental
effects of an excess of GC hormones on cognitive performance can be reversed one
year after corrective surgery in a group of CS patients. The choice of tasks allowed
us to explore specific dimensions of information processing such as perceptua and
constructional aspects of visual information processing, concept formation and reason-
ing, attention and language as well as verba and nonverbal memory.

2. Methods
2.1. Patients

Eleven women and two men (n=13) with ACTH-dependent Cushing’'s Disease
(n=9) or ACTH-independent CS due to adrena disease (n=4) participated in this
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study. All patients had also participated in a previous study where pretreatment of
cognitive decline was reported (original cohort of 19 participants; Forget et a., 2000).
They were investigated a second time, 12 months after surgical treatment. Six of
the patients in the Forget et a. (2000) study were not re-investigated because they
had not attained eucortisolemia status one year after surgical treatment. No significant
differences regarding demographic data and initial symptoms were found between
participating and nonparticipating subjects. Mean age at time of testing was
47.36+13.02 years and the mean educational level was 12.09+3.89 years. Mean dur-
ation of disease (from estimated symptom onset to diagnosis confirmation) was
33.82+14.70 months (range: 1560 months). Patients were admitted to the Division
of Endocrinology of the Hoétel-Dieu, Notre-Dame and St-Luc Hospitals of the
Centre Hospitalier de I’ Université de Montréal (CHUM) for diagnostic studies and
were tested at the same facility following clinical and biochemical remission. All
subjects verbally demonstrated an adequate understanding of the study, and written
informed consent was obtained prior to inclusion into the study.

Etiology of CS had been established by the usual clinica criteria, including a
disease—compatible history and physical findings (e.g., truncal obesity, skin and mus-
cle atrophy, moon facies) and biochemical criteria including lack of normal cortisol
circadian rhythm, excessive cortisol secretion as indicated by high urinary-free cor-
tisol concentrations, as well as failure to suppress cortisol normally after dexame-
thasone administration. Prior to treatment, urinary free cortisol concentrations ranged
from 198 to 11510 nmol/24 h (normal range is 55-195 nmol/24 h); range of AM
plasma cortisol levels was 279-3153 nmol/l and range of PM plasma cortisol levels
was 354-3858 nmol/l (normal range is 165-695 nmol/l). Plasma ACTH levels ranged
from zero to 24 pmol/l (normal values are 4-16 pmol/l). Following diagnosis,
patients underwent pituitary or adrenal surgical treatment. Post-operatively, patients
experimented secondary adrenal insufficiency because of suppression of the hypo-
thalamic—pituitary—adrenal axis. Until recovery of hypothaamic—pituitary—adrenal
function had occurred, the patients required maintenance replacement with physio-
logical doses of cortisol (20-30 mg hydrocortisone daily) over a few months period.
One year later, the absence of relapse of CS was confirmed for all patients and they
were then reassessed with a battery of tasks. At that time, CS patients were found
to be eucortisolemic.

2.2. Tests and procedure

A battery of tasksincluding tests to assess attention (Visual target detection, Stroop
Test, Digit Symbol Substitution Test, Trail-making Test), visuospatial processing of
information (Judgment of Line Orientation, Bells Test, Hooper Visual Organization,
Gollin Figures, Block Design, Object Assembly, Visual Reproduction-Copy), mem-
ory performance (CadliforniaVerbal Learning Test, Logica Memory, Digit Span,
Visual Memory, Benton Visual Retention Test), reasoning and concept formation
(Comprehension, Picture Completion, Picture Arrangement, Arithmetic, Similarities,
Raven’'s Standard Matrices) and verba fluency (Vocabulary, Letter and Category
Fluency).
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Visua Target Detection was tested via a letter-cancellation task adapted from the
d2 cancellation test (Richer et al., 1993). The selective attention task includes three
conditions gradually increasing in difficulty: detecting occurrences of a target letter
randomly interspersed among ds, detecting occurrences of atarget letter among other
distractor letters; detecting occurrences of three different target letters among dis-
tractors. The Stroop task (Stroop, 1935) measures intentional attention, the inhibition
of a response to the salient detail and attention to the less salient detail. The test
includes reading words (color names), color naming of colored patches, and color
naming of the ink in which words representing incompatible color names are typed.
Number of items completed in 45 s and errors in each of the three conditions were
recorded. The Digit Symbol Substitution (DSS) test, a subtest of the WAISR, is a
test of incidental learning, ability to learn new material, rapid and systematic visual
scanning, memory, response speed, visuomotor coordination and selective attention.
Participants are asked to fill, as quickly as possible, rows of small blank spaces with
the number that is paired with the symbol above the blank space. Finally, the Trail-
Making Test measures visual scanning, mental tracking, and the ability to keep track
of two simple concepts (Lezak, 1995). The participant must first draw lines to con-
nect consecutively numbered circles (Trail A) and then connect the same number of
consecutively numbered and lettered circles by aternating between the two
sequences (Trail B). Judgment of Line Orientation (Benton et al., 1978) examined
the ability to estimate angular relationships between line segments by visually match-
ing angled line pairs to a number of radii forming a semicircle. The test consists of
30 items, each showing a different pair of angled lines to be matched to the display
cards. The Bells Test (Gauthier et al., 1989) is sensitive to visua inattention, visual
exploration and detection of salient stimuli. It consists of 315 silhouetted objects
distributed in a pseudorandom manner on a sheet of paper with 35 bells scattered
among them. Participants were asked to circle bells as fast and as accurately as
possible. In the Hooper Visua Organization Test (Hooper, 1983), the participant’s
task was to name each of 30 more or less readily recognizable cut-up objects. The
test is designed to measure the ability to organize and integrate visua stimuli. The
Gollin Figures Test (Gollin, 1960) evaluates the ability to extract meaning from
incomplete visual information. The test consists of 18 picture series of five line
drawings of common objects ranging in completeness from a barely suggestive
sketch to a complete drawing of the figure. Block Design, a subtest of the WAIS-
R (Wechsler, 1981) is a construction test where the subject uses white and red blocks
to construct replicas. The test evaluates abilitites in perception, at the conceptual
level and in constructive execution. It also evaluates visuospatial organization, rapid
detection of the underlying principles of organization and the ability to translate that
detection into a replica. Object Assembly, also a subtest of the WAIS-R, contains
four cut-up cardboard figures of common objects given in order of increasing dif-
ficulty. This is a test of visuospatial manipulation with great importance accorded
to perceptual-conceptual and constructional abilitites. Visual Reproduction (copy
administration) test, a subtest of Wechsler Memory Scale (WMS) (Wechdler, 1974),
isadrawing task. This test investigates both perceptual organization and construction
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skills. The test material consists of a reproduction of three figures and the participant
is instructed to copy the figures.

The California Verba Learning Test (CVLT; Delis et a., 1987) assesses various
aspects of verbal learning and memory and includes three lists of words. The first
list consists of five presentations with recall of 16 items from four semantic categor-
ies, the second has the same structure, with only two semantic categories being the
same as in first list and one presentation; the third, a recognition list, includes 16
target items from the first list, plus distractors that share or do not share semantic
or phonological membership with items in that list. Administration and scoring were
conducted according to the instruction manual. Digit Span, forward and backward,
a subtest of the WAIS, evaluates short-term verbal memory or working memory and
brief attentional skills. Logica Memory, a subtest of WMS, is a story task; two
stories are read to the participants and there are immediate and delayed free recalls.
Visual Memory, aso a subtest of WMS, is a visual memory task includes both
immediate and delay recall. It consists of four items composed with more or less
simple geometric designs. The Benton Visual Retention test evaluates short-term (15
s) visual memory for three geometric designs varying in size form, and details of
spatial location relative to each other.

Comprehension, a subtest of the WAIS-R, evaluates verba reasoning. The test
includes open-ended questions which tap common-sense judgment and practical
reasoning. Picture Completion, another subtest of the WAIS-R, consists of 20 incom-
plete pictures arranged in order of difficulty with instructions to tell what important
part is missing. This test measures visual recognition, remote memory, logica
reasoning and judgment about visually presented material with a social content. Pic-
ture Arrangement, a subtest of the WAIS-R, consists of 10 sets of cartoon pictures
that make up stories. Each set is presented in scrambled order with instructions to
rearrange the pictures to make the most sensible story. This test also evaluates con-
cept formation, judgment and reasoning concerning visually presented material with
a socia content. Arithmetic, a subtest of the WAIS-R, is composed of 14 arithmetic
reasoning problems. These problems evaluate logical mathematic abilities and resist-
ance to distraction. Similarities, also a subtest of the WAIS-R, is a test of verbal
concept formation. Participants are asked to explain in what ways the two words in
a pair are alike. The word pairs range in difficulty from the simplest to the most
difficult. Raven's Standard Matrices (Raven et al., 1976) consist of a series of visual
pattern matching and analogy problems pictured in nonrepresentational designs. The
test requires subjects to conceptualize spatial, design and numerical relationships
ranging from the very obvious and concrete to the very complex and abstract.
Vocabulary, a subtest of the WAIS-R, is made up of 35 words arranged in order of
difficulty. The score reflects both extent of recall vocabulary and the precision of
speaking vocabulary. Letter and Category Fluency requires the subjects to produce
within a 2 min period as many words as possible belonging to a specific category
and words with a specific initial letter. Verbal and Performance 1Q scores were also
obtained with the WAIS-R.

The Beck Depression Inventory (Beck, 1987) was also used for the evauation of
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depression. The standard Beck score was modified by omitting items 18, 19 and 20
which are not appropriate for CS patients (e.g., weight [0ss).

2.3. Satistical methods

The question of interest was whether the return to a more normal level of hormonal
functioning following surgical treatment was also marked by a significant improve-
ment in the neuropsychological performance of CS patients. t-test statistics for paired
measures were applied to evaluate mean performance differences (pre- and post-
surgical treatment) for this sample of CS patients. Bonferroni corrections were
applied to protect against Type | error when performing multiple comparisons. Prior
to application of t-test, multivariate analyses of variance (MANOVAs) were conduc-
ted to compare the overal performance profile between CS patients and controls,
matched for age, education and sex, in general intellectual functioning, attention,
visuospatia processing of information, memory performance, reasoning and concept
formation, and verbal functions.

3. Results
3.1. General description

The demographic characteristics of reassessed subjects did not differ from those
of the original sample. The mean age of the reassessed participants was 47.36+13.02
years, and that of the original group was 46.79+10.97 years (i, 1»,=0.97, P>0.05).
The mean educational level of the reevaluated subjects and of the origina group
were 12.09+3.89 and 12.16+4.06, respectively (. 1,=0.89, P>0.05). In addition,
duration of disease of reassessed participants and origina population were similar
(mean duration: 43.82+14.70 and 42.7+26.9, respectively; t;,=1.37, P>0.05).
Finally, a significant improvement in Beck Depression Inventory scores was nhoted
for those reassessed subjects (1 12=5.13, P<<0.05), showing the beneficial effect of
adrenal steroids suppression on depressive disorder symptoms.

3.2. Neuropsychological testing

The following tables summarize the results of the control group and CS subjects
before and one year after the corrective surgery on general intellectual functioning
(Table 1), attention (Table 2), visuospatial processing (Table 3), memory (Table
4), concept formation (Table 5) and verbal function and language skills (Table 6).
MANOVAs were conducted to compare the cognitive performance of these 13 CS
subjects to that of a group of age- and sex-matched controls. As in the assessment
of ayear earlier, the performance of CS subjects was significantly lower on verbal
and performance 1Q scores (P’'s<<0.01). Moreover, in tests of attention, treatment of
visual and spatial information, verbal and nonverba aspects of memory, reasoning
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Comparison of 1Q scores (mean+SD)

Control CS subjects (n=13) CS subjects (n=13)
(n=13)
Before F pa After t P
surgery surgery
Verba 1Q 101.6£9.9 91.3+10.2 9.43 0.006 89.9+7.8 —0.12 0.911
Performance IQ  106.1+12.2 92.9+11.7 8.98 0.007 93.0+7.7 -—181 0.100
Full scale 1Q 103.7411.6 91.2+11.0 11.02 0.003 90.2+6.9 —1.22 0.252

a All significant differences are between CS patients (before surgical treatment) and controls.

Table 2

Comparison of speed? in attentional tasks (mean+SD)

Control  CS subjects (n=13) CS subjects (n=13)
(n=13)
Before F PP After t P
surgery surgery

Target Detection Task
Visual Detection 44+12 39+06 0.99 0.330 3.9+1.0 0.02 0.986
Baseline (Condition A)
Single-target detection 23+05 19404 260 0.122 25+21 -1.08 0.306
(Condition B)
Three-target detection 16+0.3 1.1+04 530 0.037 12+05 0.87 0.404
(Condition C)
Trail-Making Test
Tral A 0.9+0.3 0.7£0.2 3.07 0.095 0.8+0.2 —-120 0.259
Trall B 0.5+0.2 0.31+0.1 5.11 0.035 0.34+0.1 —0.80 0.442
Stroop Task
Word reading (W) 23+04 21402 1.75 0.201 22+03 -102 0332
Color naming (C) 1.7+04 1.61+0.2 044 0.511 1.62+0.2 0.18 0.862
Color naming with 0.9+0.2 0.740.2 6.29 0.021 0.8+0.2 —-053 0.610
interference (CW)
DSS test 0.6+0.2 0.5+0.09 4.04 0.069 05+0.1 -—118 0.264

a Speed=items/s

b All significant differences are between CS patients (before surgical treatment) and control subjects.

and language skills, results revealed a number of significant differences between CS

patients and control subjects.

t-tests! for paired measures (with Bonferroni correction) were conducted to com-
pare the neuropsychological performance of the CS patients prior to, and after correc-

1 To edtimate the stetistical power of the tests, we used the ratio of the mean difference over the
standard deviation on present data set. With « set at 0.05 and a sample size of 13 subjects, the statistical

power is 0.44.
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Table 3
Comparison of performance scores in visuospatial tasks (mean+SD)
Control  CS subjects (n=13) CS subjects (n=13)
(n=13)
Before F PP After t P
surgery surgery
Simple perceptua recognition
Judgment of Line
Orientation 21.6+54 18.4+4.6 2.20 0.153 186+44 —0.12 0.904
Perceptual inattention
Bells Test? 134416 4.1+1.2 1.18 0.289 40+19 -153 0.157
Perceptual organization
Hooper Visua
Organization 26.7+15 24.0+1.9 12.93 0.002 26.0+2.1 —-6.03 0.011
Construction Tasks
Block Design 9.7+2.4 7.6x1.9 4.87 0.039 83+25 -097 0.356
Object Assembly 9.8+1.3 8.1+2.2 4.98 0.035 82+31 -0.13 0.902
Visual reproduction 14.6£0.6 13.0+1.5 9.86 0.005 131409 -0.28 0.787

a Scores on this test are negatively correlated with performance.
b All significant differences are between CS patients (before surgical treatment) and control subjects.

Table 4
Comparison of verbal and nonverbal memory performance scores (mean+SD)

Control  CS subjects (n=13) CS subjects (n=13)

(n=13)

Before F pa After t P
surgery surgery

CVLT
First five trials 55.8+8.7 54.9+14.00.03 0.858 55.0+13.0 —0.08  0.940
Tuesday list 7.6+2.4 53+2.0 5.85 0.025 5.8+2.3 -058 0572
SFRP 11.9+42.3 12.243.3 0.09 0.768 11.3+£3.0 0.95 0.365
LFRe 12.8+2.1 12.6+2.9 0.03 0.867 12.6+25 —-098 0.395
Recognition 147412 14.7+1.8 0.49 0.486 153106 —1.05 0.319
Logical memory
Immediate recall 9.3+19 7.9+32 1.30 0.267 87+43 -066 0.523
Long-term recall 75+1.8 7.1+29 011 0.745 75+34 -038 0.712
Digit Span
Forward 7.6x28 53+1.0 6.00 0.024 58+1.7 -110 0.296
Backward 6.2+2.2 57416 0.29 0.590 54+21 0.54 0.602
Visua memory
Immediate recall 13.9+09 11.5+2.7 7.30 0.014 11.2+¢2.5 0.33 0.748
Long-term recall 11442.6 9.4+4.7 1.49 0.236 9.3+32 0.13 0.902

a All significant differences are between CS patients (before surgical treatment) and control subjects.
b SFR: short-term free recall
¢ LFR: long-term free recall
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Table 5
Comparison of concept formation and reasoning performance scores (mean+SD)
Control  CS subjects (n=13) CS subjects (n=13)
(n=13)
Before F pa After t P
surgery surgery
Concept formation
Similarities 104411 8.8+20 4.67 0.043 8.8+2.2 0.09 0.982
Raven's 55.8+11.241.8+8.2 7.98 0.011 41.7¢9.4 0.04 0.971
Reasoning
Comprehension 11.8+24 9.0+26 6.84 0.017 9.0+21 -—148 0.982
Picture Completion 10.7419 8.7+19 591 0.025 9.6£25 —134 0993
Picture Arrangement 82435 6.9+2.7 091 0.350 7.0425 -023 0821
Arithmetic 9.4+23 7.8+24 266 0.118 82+19 -0.79 0450

a All significant differences are between CS patients (before surgical treatment) and control subjects.

Table 6
Comparison of verbal functions and language skills performance scores (mean+SD)
Control  CS subjects (n=13) CS subjects (n=13)
(n=13)
Before F pa After t P
surgery surgery
Vocabulary 10.9+2.9 8.3+2.0 550 0.029 10.8+4.8 —181 0.101
Letter fluency 40.6+9.7 285+7.1 11.09 0.003 35.0+10.8 —2.55  0.029
Category fluency 42.0+9.1 37.5+82 144 0.243 39.149.0 —-0.66 0.525

a All significant differences are between CS patients (before surgical treatment) and control subjects.

tive surgery. The results showed that there were no changes in any performance
domain (all P's>0.05), except for one task, the Hooper test (t;1,=6.03, P=0.011),
suggesting that prolonged exposure to high levels of GC can cause long-lasting nega-
tive effects on cognitive function, at least in the small group of patients studied here.

4, Discussion

In a previous study of 19 patients with untreated CS, Forget et al. (2000) showed
that several domains of cognitive function were negatively affected by hypercortisol-
ism. Although the present follow-up study was conducted six months after urinary
free cortisol levels had returned to normal (at least one year after successful surgical
treatment), there were no noticeable improvement in cognitive performance in this
group of CS patients. These results suggest that excess cortisol production has a
long-lasting negative impact on several aspects of cerebral function. Our observations
do not agree with the data from the Mauri et a. (1993) study where partially revers-
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ible functional changesin brain function, following correction of GC overproduction,
were reported. Reasons for such discrepant results may be due to the small number
of patients used in these studies (8 in Mauri et al., 13 in the present study) and to
the difference in mean age of the two samples of patients (31.3 years in Mauri et
a., 47,3 years in the present study). Also, the mean illness duration for our sample
of subjects was approximatively twice that reported for the Mauri et al. sample (33
months vs. 15 months). Finaly, our study included patients with ACTH-dependent
Cushing’s Disease and ACTH-independent CS due to adrenal disease, whereas Mauri
et a. (1993) restricted their study to ACTH-dependent Cushing's Disease only. Thus,
the plasma ACTH levels of our patients are lower by comparison to those reported
by Mauri et al. (0106 pg/mg vs. 80—200 pg/mg), while urinary free cortisol concen-
trations remain comparable.

The patients with remission of hypercortisolism showed, however, a significant
improvement in depressed mood. These results support the observations from pre-
vious studies of patients with CS, which had also revealed a decrease in the frequency
and duration of depressive episodes after successful treatment (Starkman et al.,
1986). A more recent study showed that the incidence of atypical depression pro-
gressively decreased after correction of hypercortisolism — this disorder, however,
continued to be the prevailing psychiatric diagnosis after the successful cure of CS
(Dorn et a., 1997). It is likely that the psychopathology symptoms still seen after
the correction of CS may be related to the as yet unexplored interaction between
endocrine and psychosocial factors. Indeed, strong associations are found between
higher levels of urinary and plasma cortisol and poorer social and occupational func-
tioning in depressed patients, one year after adequate treatment for depression
(Rothschild et al., 1993).

Although the present results imply that persistent cognitive impairment may be a
hallmark of chronic exposure to high levels of GC secretion, the relatively good
performance on the Hooper Visual Organization test — and, to some extent, in the
Verba Fluency task — also suggests that these impairments may be reversible. This
resolution of cognitive diminution, as shown by the improved test scores, may signa
the emergence of a more general process of remission.

The cognitive decline and deficits reported in a number of studies with CS patients
may be a consequence of the structural and morphological changes associated with
the syndrome. For example, cerebral atrophy has been reported to be a feature of
CS (Momose €t a., 1971; Heinz et a., 1977; Leclerc et a., 1996; Starkman et a.,
1999; Cohen et a., 2001) and it is probable that the often-seen cognitive impairment
is a result of the morphological changes in the hippocampus and in other brain
regions. If it is confirmed that normalization of cortisol levels is associated with
reversal of hippocampal atrophy, there are several possible explanations for the
absence of reversibility of cognitive deficits following successful treatment of CS.
A first hypothesis involves adaptation of plasticity of neura systems other than the
hippocampa formation. As noted previoudly, this is a very dynamic structure, cap-
able of changes in neuronal morphology such as reversible synaptogenesis (McEwen
et a., 199538) and reversible atrophy of dendrites regulated by GC (McEwen et .,
1995b; Magarinos et a., 1996). In patients with hypercortisolism, changes in the
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hippocampal formation volume are associated with circulating adrena steroids acting
through GC receptors (Starkman et al. 1992, 1999; Bremner et a., 1995; Sheline et
a., 1996). However, the reversibility of extrahippocampic atrophy, as with the head
of the caudate nucleus, is not clear and not significantly correlated with the degree
of urinary free cortisol decrease after treatment (Starkman et al., 1999). In addition,
the hippocampus is apparently unique within the brain for its capacity to regenerate
neurons (Gould et a., 1998). These latter effects suggest that, in CS patients, the
long-term exposure to GC may produce long lasting damage in the extrahippocampic
sites as well as impairment in cognitive function — at least until 12 months after
surgical treatment.

It is also possible that the reversibility of the hippocampal formation volume atro-
phy associated with a decrease in urinary free cortisol is partial or incomplete. Boud-
reau et a. (1999) have observed a partia reduction of cerebral atrophy after surgical
treatment of CS. Starkman et al. (1999) have also observed an increase of 10% in
hippocampa formation volume following treatment of CS patients. This increase is
consistent with the magnitude of changes reported in other studies of the human
hippocampus (e.g., Bremner et al., 1995; Sheline et a., 1996). These observations
suggest that the chronic exposure to GC produces partial or incomplete reversibility
of hippocampal atrophy and may still be associated with sustained cognitive decline
one year after surgical treatment.

Also, it seems likely that the endangering actions of GC on nerve cells become
more pronounced with aging, and may be accompanied by a significant decrease of
plasticity in hippocampal pyramidal neurons. In thisregard, Landfield et al. (1981a,b)
examined the morphological parameters associated with hippocampal aging in intact
young, mid-aged and aged rats. They found that aged rats displayed a significant
decrease in CA3 and CA1 pyramida cell density, relative to young and mid-aged
rats. These same investigators had previously proposed that GC may accel erate some
aspects of brain aging (Landfield et a., 1978). In the normal elderly human, the
frequency of occurrence of hippocampal formation atrophy is strongly related to age
(De Leon et al., 1997). In animals, Kerr et al. (1992) showed that GC affected the
rate of age-dependent hippocampal neuronal loss. Finaly, Starkman et al. (1999)
reported that older age was associated with a smaller increase in hippocampal forma-
tion volume after cortisol reduction. Collectively, these findings show the vulner-
ability of the hippocampus to neuronal loss, particularly in older brains. Interestingly,
in the present study CS patients were, on average, 10 years older than those in
Starkman et a. (1999) and in Mauri et a. (1993). In this perspective, the persistent
cognitive impairment of our CS patients may be a deleterious consequence of either
the increased vulnerability of the hippocampal formation to high levels of GC or a
diminished capacity for reversibility of cellular atrophy after cortisol reduction.

Although there are indications that the hippocampal atrophy in CS is partially
reversible (Starkman et al., 1999), current evidence does not allow us to exclude
permanent neuronal loss as a later stage of chronic exposure to elevated GC levels
in CS. After all, there is no evidence that MRI-determined volumes are correlated
with the number of hippocampal neurons. Furthermore, anatomical evidence suggests
that there may be irreversible loss of hippocampal neurons in recurrent depressive
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illness — a condition often associated with elevated cortisol levels (Sheline et al.,
1996). Also, in a series of studies with rats and primates, it has been shown that
exposure to certain levels of GC can cause reversible changes in the morphology of
hippocampal cells as atrophy of apical dendrites of CA3 pyramidal neurons (Luine
et al., 1994). However, with longer periods of exposure to GC levels — such as
those seen in prolonged physical and psychological stress and aging — overt loss
of such neurons occurs, probably causing irreversible damage in the hippocampus
and permanently impairing cognitive function (Sapolsky et al., 1985; Mizoguchi et
a., 1992; Sapolsky, 1994; McEwen and Sapolsky, 1995). Therefore, it is unclear at
this time whether reductions of hippocampal volume in CS may represent a form of
reversible atrophy or a permanent loss of neurons. Several mechanisms may underlie
the reversibility of hippocampa formation atrophy following a decrease in urinary
free cortisol in CS. These mechanismes are apparently still at work when there is
neuron loss. For exemple, glial hypertrophy can be observed in response to normaliz-
ation of cortisol levels (McEwen and Sapolsky, 1995).

Finally, the persistent cognitive deficit seen in CS subjects, despite the remission of
hypercortisolism, is broadly in agreement with the findings of long-term intellectua
impairment after successful treatment of another endocrine disorder, hyper-
thyroidism. Bommer et a. (1990) showed significant differences in ability between
remitted hyperthyroid patients and controls on several neuropsychological tests
including Digit Symbol Substitution, word fluency, memory, and time estimation.
In an earlier study, Perrild et al. (1986) had found EEG-abnormalities 10 years after
treatment in 68% of former hyperthyroid patients (vs. 41% among controls). Impair-
ment was also observed in seven out of 11 tests concerning attention, memory and
abstraction. More recently, Fahrenfort et al. (2000) showed long-term psychopathol-
ogical sequelae as well as mental disturbances despite the remission of hyper-
thyroidism.

It is clear that a number of methodological concerns may constrain the impact of
the present study as the relatively small sample size did not allow for comparative
statistical treatment of ACTH-dependent Cushing’s Disease and ACTH-independent
CS due to adrena disease. Although both etiologies of CS exhibit elevated levels
of cortisol, they nonetheless differ in potentially confounding variables such as in
the suppression of pituitary ACTH. Also, there is the possibility of a Type Il error,
given the statistical power of the tests. Finally, control subjects were not re-evaluated
one year later and the practice effect inherent in some neuropsychological tests was
not assessed here. Nevertheless, the near total absence of improvement in the neurop-
sychological performance of CS patients, at least one year after surgery, argues for
the long term deleterious effects of GC hypersecretion. It should be noted that 12
months is an adequate interval between successive administrations of the same test
(see Lezak, 1995). At any rate, the results of this study must be interpreted with
caution and there is a need for follow-up studies to determine whether the observed
cognitive decline in patients with remitted CS is indeed reversible.
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5. Conclusion

This is the second study to investigate the recovery of cognitive decline in CS.
In contrast to the first study, the data showed that a return to normal levels of cortisol
following surgical treatment was not accompanied, 12 months later, with improve-
ment in cognitive performance. However, it is important to realize that there may
be adelay of severa months to years from the correction of elevated cortisol levelsto
remission of cognitive deficits — as is sometimes the case for psychiatric symptoms
(Haskett, 1985). It is therefore necessary to follow for longer periods of time CS
patients who have undergone corrective surgery, before concluding whether the sus-
tained cognitive impairments observed here reflect a permanent influence of abnor-
mally high levels of GC secretion. The potential for reversibility of GC-induced
aterations of cognitive performance has important theoretical and clinical impli-
cations, and more work is needed to comprehensively examine the relationship
between adrenocortical hormones, cognitive function and brain morphology and
metabolism.
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