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Abstract. In 2007, a 61-year old woman presented with clinical features
of Cushing’s Disease Syndrome. She underwent a diagnostic work up
and was diagnosed with adrenocorticotropic hormone -producing
pituitary adenoma, which was subsequently removed. Following
surgery, the patient showed little recovery from her presenting neuro-
cognitive symptoms, raising the question as to the effect of long term
steroids on cognition, mood and behavior, and the potential for reversal
of these effects.
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Introduction

Hypercortisolemia is the state of biochemical excess of
glucocorticoids. This may be classified into adrenocorticotropic
hormone (ACTH)-dependent, in which there is an excessive ACTH
production either from the pituitary gland (Cushing’s Disease), or
from ectopic sources. Thus, an excessive production of
glucocorticoids from the adrenal glands with loss of regulation by
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ACTH, and loss of diurnal variation!! or due to supraphysiologic
doses of exogenous steroids’®. Cushing’s Disease accounts for

approximately 70% of all cases of endogenous Cushing’s Disease!*!.

Clinical manifestations of glucocorticoid excess are many.
However, the effect of hypercortisolism on behavior and cognition is
less recognized. It is a highly variable manifestation of this disorder.
Depression, psychosis, and dementia have all been reported as

symptoms of cortisol excess”’.

This report presents a case of persistent depression and cognitive
impairment, mainly executive dysfunction, due to ACTH-dependent
Cushing’s Disease.

Case Report

In 2007, a 61-year old retired registered nurse was presented to us
with a three-year history of muscle weakness, fatigue, weight gain
mainly in the truncal area and the face, spontaneous bruising,
hirsutism, and a new diagnosis of type-2 diabetes. Past medical
history was significant for quiescent ulcerative colitis, diet-controlled
type-2 diabetes, osteopenia with subsequent history of multiple
traumatic fractures, dyslipidemia, right mastectomy for ductal
carcinoma in situ, and macular degeneration in the right eye. Review
of her medications did not reveal chronic use of exogenous steroids.
She did report requiring two doses of steroid enemas within the
preceding five years. There was also a history of depression treated
with citalopram (20 mg) at bedtime.

On physical examination, the patient had multiple physical
manifestations suggestive of hypercortisolism, specifically; elevated
blood pressure of 150/85, fullness in the face, mild dorsocervical fat
pads, proximal myopathy in the lower limbs, noted by her having
difficulty standing from a sitting position without using her hands for
support. No proximal myopathy was detected in the upper limbs. She
also had thin skin and multiple ecchymosis on the arms and legs that
she indicated occurred spontaneously. There was evidence of truncal
obesity; however she did not have abdominal striae. The rest of the
physical examination was unremarkable.
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Initial lab investigations revealed a serum cortisol at 1200 of 670
nmol/L, which was just within normal range [normal serum cortisol
levels: 8 AM to noon: 5-25 mcg/dL (138-690 nmol/L)I™. A
diagnosis of Cushing’s Disease was suspected but not confirmed at
that time. Subsequently, the patient performed two 24-hr urine
collections (reported as being adequate collections) for measurement
of 24-hr urinary free cortisol. The highest reported value for her was
861 nmol/day (normal in that laboratory 189 nmol/day), indicating
more than four-fold increase in 24-hr urinary cortisol, and diagnostic
of Cushing’s syndrome. ACTH was also measured on two
occasions; values of 6.9 and 7.7 (normal range in the lab 2.2 and 13.3
pmol/L) were reported, indicating lack of suppression by the elevated
cortisol levels, consistent with a diagnosis of Cushing’s Disease. A 1
mg dexamethasone suppression test showed lack of suppression of
her 8 am cortisol with 1 mg of dexamethasone at 11 pm the preceding
night, and an 8 mg dexamethasone suppression test was undertaken,
showing a decrease in urinary cortisol by 87% and serum cortisol by
60%, indicating that the pituitary gland was the source of the elevated
ACTH and not an ectopic source. Imaging using MRI with
gadolinium showed larger bulk in the left side of the pituitary gland
and deviation of the stalk to the right, with the post-contrast scan
showing a 3.5 mm area of higher T2 signal in the left posterior region
suggestive of a pituitary microadenoma on the left side. Inferior
petrosal sinus sampling was not performed at that time as the
management plan would not have changed.

Following discussion with an interdisciplinary team of
Endocrinologists, Radiologists and Neurosurgeons, surgical resection
was recommended. Consent was obtained from the patient, and
surgery was performed and was uneventful. Pathology report
confirmed an ACTH-producing pituitary adenoma.

Post-operatively, the endocrinology team follows the patient
closely. Initially, she recovered well from the surgery, while on
replacement dose of 30 mg hydrocortisone in the morning and 20 mg
in the evening. However, one week postoperatively she presented to
the emergency department with weakness, nausea and vomiting. She
was treated with IV hydrocortisone, with symptomatic response, and
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was discharged home on hydrocortisone (50 mg twice daily), with a
slow taper planned. Over the subsequent months, it was evident that
the patient had adrenal insufficiency requiring life-long replacement
with hydrocortisone. She also suffered a stroke-like illness, with
imaging revealing diffuse deep periventricular and subcortical white
matter changes compatible with chronic ischemic changes, as well as
lacunar infarcts in the anterior aspect of the internal capsules
bilaterally. These were not felt to be acute at the time.

Cognitive Status

Eighteen months following the surgery, the patient was referred to
a geriatrician for assessment regarding cognitive decline. During the
assessment, a history of lack of concentration, difficulty with spelling,
lack of attention to detail and forgetfulness was brought forth by the
patient and her family. These symptoms were attributed, at least in
part, to the persistent hypercortisolism she had been experiencing for
a number of years, and were expected to improve over time
postoperatively, but did not, and may have worsened. Along with the
symptoms described, there were also behavioral changes (irritability,
apathy, social isolation and impulsivity) and notable functional
decline. On examination, she obtained a score of 26/30 on the
Montreal Cognitive Assessment (MOCA) test, losing 2 points on
recall, 1 point on placement of numbers and hands on clock-drawing.
She scored 7/15 on the geriatric depression scale. The overall
impression was of a lady with progressive cognitive decline involving
multiple domains including language, memory and executive
dysfunction, affecting her function. As such, she met clinical criteria
for a dementing illness.

The patient underwent further neuropsychological evaluation,
which concluded that while she did have evidence of executive
dysfunction, this was neither due to a dementing illness nor to the
lacunar infarcts noted on imaging. It was suggested that persistent
cognitive decline was most likely to related prolonged
hypercortisolism, however, lack of improvement post-resection of the
tumor was unusual. It was also suggested that some of her symptoms
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may be related to depression, anxiety and sleep disturbance, and
further referrals were made.

A referral to a psychiatrist confirmed the above assessment, and
no additional treatments were added. The hope was that her cognitive
and functional symptoms would resolve or at least improve gradually
post-resection of the ACTH secreting tumor. Unfortunately, despite
ongoing follow-up for at least one year, no improvement was noted.

Discussion

The presence of an ACTH-producing pituitary adenoma leads to
elevated levels of cortisol in humans. Cortisol is known to affect
receptors throughout the body, including the nervous system. In the
brain, there are two types of cytoplasmic receptors, namely
mineralocorticoid (type I) and glucocorticoid (type II) receptors,
which have different brain distribution and functional pattern. These
receptors mediate the hormonal activity by either stimulation or
suppression of target gene transcription, depending on cell typel®’.
Normally, cortisol is tightly regulated via a feedback mechanism
between the hypothalamus, pituitary gland and adrenal glands; when
cortisol levels increase, CRH and therefore ACTH undergo negative
feedback, which then decreases ACTH stimulation of the adrenal
glands to synthesize and release cortisol, ultimately causing cortisol
levels to go down to normal values®. Abnormal exposure of the
nervous system to glucocorticoids has been implicated in several
disorders, such as Alzheimer’s Disease and depression’”’. Indeed, in
Dr. Harvey Cushing’s Disease initial description of this condition he
describes symptoms of difficulty in concentrating, insomnia, visual
disturbances, and ‘fits of irritability that alternate with periods of
depression”. By examining the specific areas of memory
impairment, it has been suggested that the areas in the brain where
type II receptors are more abundant are the areas mostly affected by
glucocorticoid  excess, namely the neocortex and the
hippocampus?'”.  Starkman er al.!'!! noted that individuals with
Cushing’s Syndrome exhibited a decrease in hippocampal
formation(HF) volume as measured by MRI, as well as variability in
severity of learning and memory dysfunction as measured by
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neuropsychologic testing. An association between reduced HF
volume and lower scores on verbal learning and memory tests were
also noted. Interestingly, an inverse correlation between HF volume
and cortisol levels was noted. Others observed that there was some
recovery of hippocampal size after treatment of Cushing’s syndrome,
directly proportional to the degree of lowering of serum cortisol

levels>'>13],

Earlier work postulated mechanisms causing the decrease in
hippocampal size, i.e., Sapolsky et al™, suggested that it was due to
loss of neurons. Exposure to high levels of glucocorticoids also
reduces denditric length and branching morphology of adult
hippocampal pyramidal cells according to Woolley et al!'.
DeKosky e al' found that elevated glucocorticoid levels, through
inhibition of compensatory axodendritic sprouting, also impair
neuronal capacity to recover from injury. Prolonged exposure to high
levels of glucocorticoids is associated with impaired hippocampal
long-term potentiation!'”'® and can decrease hippocampal synaptic
plasticity"”. It has also been documented that elevation of cortisol
causes cerebral atrophy and ventricular enlargement!?*%),

Conclusion

Hypercortisolemia affects the body on many different levels.
While many of the changes, such as insulin resistance and
hypertension are for the most part reversible, some effects may not be
completely reversible. It is unusual for any changes to worsen after
treatment of the underlying condition, and while our patient’s
cognitive and mood changes may be attributed to multiple causes, an
important contributor was the hypercortisolemic state, which was
prolonged. Further research needs to focus and determine the time of
resolution of cognitive and mood effects of exposure to high steroid
levels once the exposure ceases is warranted.

Acknowledgement

I would like to thank Dr. Badr Aljalsi for his initial involvement
with this patient. A sincere appreciation and gratitude to Drs. JL



To Report the Long-term Effects of Hypercortisolism on Cognition and Mood 111

Mahon, M. Dasgupta and J. Fogarty for their assistance in assessing
and caring for the patient, and providing guidance in writing the
manuscript.

[13]
[14]

(15]

References

Jain SH, Sadow PM, Nosé V, Dluhy RG. A patient with ectopic cortisol production
derived from malignant testicular masses. Nat Clin Pract Endocrinol Metab 2008;
4(12): 695-700.

Newell-Price J, Bertagna X, Grossman AB, Nieman LK. Cushing's syndrome.
Lancet 2006; 367(9522): 1605-1617.

Wolkowitz OM, Burke H, Epel ES, Reus VI. Glucocorticoids: Mood memory, and
mechanisms. Ann N Y Acad Sci 2009; 1179: 19-40.

Snow K, Jiang NS, Kao PC, Scheithauer BW. Biochemical evaluation of adrenal
dysfunction: the laboratory perspective. Mayo Clin Proc 1992; 67(11): 1055-1065.

Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM,
Montori VM. The diagnosis of Cushing's syndrome: an Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab 2008; 93(5): 1526-1540.

Fietta P, Fietta P. Glucocorticoids and brain functions. Riv Biol 2007; 100(3): 403-
418.

Guldiken S, Guldiken B. Subclinical Cushing’s syndrome is a potential cause of
metabolic dementia and rapidly progressive Alzheimer-type dementia. Med Hypotheses
2008; 71(5): 703-705.

Penhoat A, Lebrethon MC, Bégeot M, Saez JM. Regulation of ACTH receptor
mRNA and binding sites by ACTH and angiotensin II in cultured human and bovine
adrenal fasciculata cells. Endocr Res 1995; 21(1-2): 157-168.

McEwen BS. Effects of adverse experiences for brain structure and function. Bio/
Psychiatry 2000; 48(8): 721-731.

Sapolsky RM. The possibility of neurotoxicity in the hippocampus in major
depression: a primer on neuron death. Biol Psychiatry 2000; 48(8): 755-765.

Starkman MN, Gebarski SS, Berent S, Schteingart DE. Hippocampal formation
volume, memory dysfunction, and cortisol levels in patients with Cushing's syndrome,
Biol Psychiatry 1992; 32(9): 756-765.

Starkman MN, Giordani B, Gebarski SS, Berent S, Schork MA, Schteingart DE.
Decrease in cortisol reverses human hippocampal atrophy following treatment of
Cushing’s disease. Biol Psychiatry 1999; 46(12): 1595-1602.

Patil CG, Lad SP, Katznelson L, Laws ER Jr. Brain atrophy and cognitive deficits
in Cushing's disease. Neurosurg Focus 2007; 23(3): E11.

Sapolsky RM. Glucocorticoid toxicity in the hippocampus: temporal aspects of
neuronal vulnerability. Brain Res 1985; 359(1-2): 300-305.

Woolley CS, Gould E, McEwen BS. Exposure to excess glucocorticoids alters
dendritic morphology of adult hippocampal pyramidal neurons, Brain Res 1990;
531(1-2): 225-231.



112

[16]

H.H. Mosli

DeKosky ST, Scheff SW, Cotman CW. Elevated corticosterone levels. A possible
cause of reduced axon sprouting in aged animals, Neuroendocrinology 1984; 38(1):
33-38.

Foy M, Stanton ME, Levine S, Thompson RF. Behavioral stress impairs long-term
potentiation in rodent hippocampus. Behav Neural Biol 1987; 48(1): 138-149.

Kerr DS, Campbell LW, Applegate MD, Brodish A, Landfield PW. Chronic stress-
induced acceleration of electrophysiologic and morphometric biomarkers of
hippocampal aging. J Neurosci 1991; 11(5): 1316-1324.

Bodnoff SR, Humphreys AG, Lehman JC, Diamond DM, Rose GM, Meaney MJ.
Enduring effects of chronic corticosterone treatment on spatial learning, synaptic
plasticity, and hippocampal neuropathology in young and mid-aged rats. J Neurosci
1995; 15(1 Pt 1): 61-69.

Bentson J, Reza M, Winter J, Wilson G. Steroids and apparent cerebral atrophy on
computed tomography scans. J Computer Assist Tomogr 1978; 2(1): 16-23.

Leclerc I, Noel B, Bard C, Cordeau MP, Lacroix A. Cerebral atrophy in Cushing’s
Disease [Abstract]. 10" International Congress of Endocrinology, San Francisco. OR
1996; 36(3): 113.

Momose KJ, Kjellberg RN, Kliman B. High incidence of cortical atrophy of the
cerebral and cerebellar hemispheres in Cushing’s disease. Radiology 1971; 99(2): 341-
348.



To Report the Long-term Effects of Hypercortisolism on Cognition and Mood 113

Ca afoly Aadle oy al Ara il Al oo A
disS £ 1A i o) 9 Jlaiini

(shasa alia M
oliig] (g drals ALl i« DMELY] 5 ¢ lacall 208 auid
JaiS — gy yliiof ¢ i
Uigiellae o)) deals cial] LS AibL) and
Lo geadd) 4y pel) iSLaal) — 52

abel Lle 1) lapee shal Cantli YooV e b aliil
A 5 ddlad Baal Aaell Cemd LaES gl Adlae
Ll Bl 3 s des a5 4 3RS (e lpadld
axy aualy Lt diapyall el ol Lapgl) Jualind & 5 e g
Gaall P sl (B ol I3 Gsen gl

LAY 138 2 3ke Allainl (sag ddyeall Cailli gl



