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【 CASE REPORT 】
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Abstract:
Cushing’s disease causes numerous metabolic disorders, cognitive decline, and sarcopenia, leading to dete-

rioration of the general health in older individuals. Cushing’s disease can be treated with transsphenoidal sur-

gery, but thus far, surgery has often been avoided in older patients. We herein report an older woman with

Cushing’s disease whose cognitive impairment and sarcopenia improved after transsphenoidal surgery. Al-

though cognitive impairment and sarcopenia in most older patients show resistance to treatment, our case in-

dicates that normalization of the cortisol level by transsphenoidal surgery can be effective in improving the

cognitive impairment and muscle mass loss caused by Cushing’s disease.
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Introduction

Cushing’s disease is a rare disorder with an incidence of

1.2-1.7 per million population per year (1). The pathological

increase in circulating cortisol levels due to excessive secre-

tion of adrenocorticotropic hormone (ACTH) leads to seri-

ous comorbidities, such as hypertension, abnormal glucose

metabolism, lipid abnormalities, and bone mineral density

loss. Cushing’s disease also leads to various neurocognitive

deficits, such as memory loss, impaired reasoning, compro-

mised visual and spatial information processing, and verbal

intellectual abilities (2, 3). Furthermore, catabolic hormones,

such as cortisol, are involved in muscle degeneration, thus

accelerating age-related muscle atrophy (4). In addition, ele-

vated levels of cortisol are the secondary cause of sarco-

penia. In summary, Cushing’s disease has a high potential to

cause deterioration of the general health status, leading to a

decreased quality of life, especially in older individuals.

The treatment for Cushing’s disease is transsphenoidal

surgery (TSS). However, performing TSS in older patients is

often avoided due to the increased risk of mortality and

other factors (5).

We herein report an older woman with Cushing’s disease

who showed improvement in cognitive dysfunction and

muscle mass after TSS.

Case Report

A 67-year-old woman was hospitalized for heart failure at

another hospital. On the 28th hospital day, she developed

emphysematous cystitis and was transferred to the Depart-

ment of Urology in our hospital. Computed tomography

showed incidental bilateral enlargement of the adrenal
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Table　1.　Laboratory Data before Surgery.

Preoperative

White blood cell count (/µL) 4,500

Segmented (%) 73.8

Eosinophil (%) 0.9

Basophil (%) 0.2

Monocyte (%) 8.6

Lymphocyte (%) 16.5

Hemoglobin (g/dL) 8.7

Platelet count (104/µL) 33.9

Total protein (g/dL) 5.8

Albumin (g/dL) 3.3

Aspartate aminotransferase (U/L) 18

Alanine aminotransferase (U/L) 26

Blood urea nitrogen (mg/dL) 16

Creatinine (mg/dL) 0.40

Na (mEq/L) 143

K (mEq/L) 3.9

Cl (mEq/L) 107

Triglyceride (mg/dL) 68

High-density lipoprotein cholesterol (mg/dL) 45

Low-density lipoprotein cholesterol (mg/dL) 80

Glucose (mg/dL) 124

HbA1c (%) 8.7

C-peptide immunoreactivity (ng/mL) 0.63

glands. She exhibited elevated ACTH (49.6 pg/mL) and cor-

tisol levels (23.3 μg/dL). After treatment of emphysematous

cystitis, she was transferred to our department under suspi-

cion of Cushing’s disease.

Her medical history was significant and included 40 years

of hypertension, 27 years of diabetes mellitus, and thora-

columbar compression fracture at 65 years old. She had

taken medication for hypertension, diabetes mellitus, osteo-

porosis, dyslipidemia, and paroxysmal atrial fibrillation.

About a year ago, her cognitive function began to decline

rapidly, and her diabetes control worsened. The medication

for diabetes mellitus included multiple daily insulin injec-

tions (insulin aspart, 6 units before breakfast, 5 units before

lunch, and 4 units before supper, and 14 units of insulin de-

gludec before bedtime) and sitagliptin 50 mg. Her family

history was remarkable for hypertension in her father and

younger brother and diabetes mellitus for her mother and

elder sister.

A physical examination revealed that her height was 145

cm, body weight was 48.8 kg, temperature was 36.2°C,

blood pressure was 134/67 mmHg, and heart rate was 62

beats/min. She had moon face and skin thinning. No central

obesity, buffalo hump, or stretch marks were present.

Her routine laboratory data is shown in Table 1. Her he-

moglobin A1c (HbA1c) level was high (8.7%). Her C-

peptide index (C-peptide/plasma glucose) was 0.51. Her en-

docrinological data are shown in Table 2. Her plasma ACTH

levels in the morning (56.9 pg/mL) and at midnight (34.7

pg/mL) were elevated. Her prolactin level was elevated

(59.89 ng/mL). Her levels of other pituitary hormones were

normal. Her plasma cortisol levels in the morning (19.0 μg/

dL) and at midnight (16.8 μg/dL) were elevated. Her

dehydroepiandrosterone-sulfate (DHEA-S) levels were ele-

vated (280 μg/dL). Her urinary free cortisol concentration

was elevated (127 μg/day).

The overnight low-dose (0.5 mg) dexamethasone suppres-

sion test (DST) revealed non-suppressed cortisol levels (10.2

μg/dL), although the overnight high-dose (8 mg) DST re-

vealed suppressed cortisol levels (2.7 μg/dL). The

corticotropin-releasing hormone (CRH) load test revealed

that ACTH responded to CRH: plasma ACTH levels were

46.4 pg/mL at baseline and peaked at 126 pg/mL at 60 min-

utes (Table 3). Magnetic resonance imaging (MRI) showed a

6-mm tumor in the left lobe of the pituitary (Fig. 1).

We performed inferior petrosal sinus sampling (Table 4).

The left petrosal/peripheral ratio at baseline (2.33) was �2,

and the ratio at 3 minutes after CRH loading (27.3) was �3.

These findings indicated Cushing’s disease.

TSS was performed, and an ACTH-producing adenoma

was confirmed pathologically (Fig. 2). The tumor cells with

nuclear enlargement and pale eosinophilic cytoplasm were

distributed in an alveolar pattern, bordered by thin intersti-

tium with intervening blood vessels. She required supple-

mentation with hydrocortisone 30 mg daily after the opera-

tion.

Before the operation, her Mini-Mental State Examination

(MMSE) score was 17 points (Table 5). MRI showed exten-

sive atrophy of the cerebrum (Fig. 3). Using N-isopropyl-p-

[123I]-iodoamphetamine single-photon emission computed to-

mography (123I-IMP SPECT), mild blood flow reduction was

observed in a wide area of the cerebrum, in addition to the

posterior cingulate gyrus and the parietal lobe - areas often

affected in Alzheimer’s disease (Fig. 4). Her grip strength

was 10 kg on both sides, and the skeletal muscle mass index

(SMI) measured with a bioelectrical impedance analysis was

5.175 kg/m2. Therefore, she was diagnosed with cognitive

impairment and sarcopenia.

Six months post-surgery, she was hospitalized for a post-

operative evaluation. The dose of hydrocortisone was gradu-

ally reduced in the outpatient department and was 10 mg at

admission. No moon face or skin thinning was present. No

residual tumor or recurrence was observed on MRI (Fig. 1).

The post-operative endocrinologic examination results were

markedly improved compared with the preoperative results

(Table 2, 3). These results indicated remission of Cushing’s

disease.

Interestingly, several changes related to cognitive impair-

ment and sarcopenia were observed. The MMSE score im-

proved by 21 points (Table 5), while “Orientation to time,”

“Registration,” “Recall,” and “Repetition” improved, and

“Reading and obey” deteriorated. MRI-determined brain at-

rophy did not improve, and no morphological changes in the

hippocampus were observed (Fig. 3). However, 123I-IMP

SPECT (Fig. 4) and a three-dimensional stereotactic surface

projections (3D-SSP) analysis using 123I-IMP SPECT (Fig. 5)

showed an improved blood flow in the frontal, parietal, and
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Table　2.　Endocrinological Data.

Preoperative 6 months after operation

Hormone replacement therapy None Hydrocortisone 10 mg

GH (ng/mL) 0.85 1.89

IGF-1 (ng/mL) 53 92

LH (mIU/mL) 10.02 14.93

FSH (mIU/mL) 42.37 39.49

PRL (ng/mL) 59.89 49.27

TSH (µIU/mL) 1.296 3.534

Free T3 (pg/mL) 1.76 3.07

Free T4 (ng/dL) 0.93 0.94

ACTH (pg/mL) 56.9 13.2

Cortisol (µg/dL) 19.0 4.6

DHEA-S (µg/dL) 280 16

Urinary free cortisol (µg/day) 127 6.9

Midnight plasma ACTH (pg/mL) 34.7 <5.0

Midnight plasma cortisol (µg/dL) 16.8 <1.0

Overnight low-dose DST

ACTH (pg/mL) 22.1 <5.0

Cortisol (µg/dL) 10.2 <1.0

Overnight high-dose DST

ACTH (pg/mL) 12.5 <5.0

Cortisol (µg/dL) 2.7 <1.0

DST: dexamethasone suppression test

Table　3.　Corticotropin Releasing Hormone (CRH) Load Test.

Time (minutes)

0 15 30 60 90 120

Preoperative

ACTH (pg/mL) 46.4 84.3 112 126 89 65.2

Cortisol (µg/dL) 17.6 25 30.9 33.6 30.8 28.3

6 months after operation

ACTH (pg/mL) 12.9 28.4 33.3 25.8 21.8 24.6

Cortisol (µg/dL) 3.9 10.2 11.7 11.2 9.8 10.3

hippocampal lobes. The grip strength did not change signifi-

cantly, but the SMI measured by a bioelectrical impedance

analysis increased to 5.432 kg/m2. The total muscle mass of

both lower limbs increased from 8.19 to 8.60 kg. The Func-

tional Independence Measure (FIM) improved from 63 to 82

points. She was able to walk with a walker after the surgery,

whereas she had been using a wheelchair before the surgery,

and her exercise tolerance improved. Complications also

showed changes, especially with regard to improvement in

HbA1c from 8.7% to 7.4% (Table 6).

Discussion

In this study, we encountered an older patient with Cush-

ing’s disease who underwent surgical treatment and experi-

enced improvement in the cognitive function and sarcopenia

after TSS. To our knowledge, this is the first report of im-

provement in both the cognitive and physical function in an

older patient with Cushing’s disease.

Only a few reports have evaluated the effects of surgical

treatment on cognitive dysfunction caused by Cushing’s dis-

ease, and they were all limited to patients under 65 years

old. Among the cognitive functions, the immediate memory,

delayed replay, and repetition are particularly impaired in

patients with Cushing’s disease (6). Notably, the present pa-

tient showed improvement in these three parameters post-

operatively, suggesting that Cushing’s disease affects a spe-

cific part of the cognitive function and may be reversible.

Furthermore, the cerebral blood flow improved after surgery.

It has been reported that brain glucose consumption is de-

creased in Cushing’s disease, and plasma cortisol levels are

negatively correlated with fluorodeoxyglucose positron emis-

sion tomography (FDG-PET) signals in the frontal lobe, pa-

rietal lobe, and limbic system (7, 8). Therefore, these cere-

bral regions may be susceptible to cortisol-mediated dam-

age. In addition, the blood flow measured by 123I-IMP
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Figure　1.　Pituitary magnetic resonance imaging (MRI) in T2-weighted coronal images (a) and gad-
olinium-enhanced T1-weighted coronal images (b) revealing a 6-mm tumor (arrows). Six months af-
ter operation, pituitary MRI in T2-weighted coronal images (c) showed no residual tumor.

a b c

Table　4.　Inferior Petrosal Sinus Sampling.

ACTH (pg/mL)

Time (minutes) Right petrosal R/P Left petrosal L/P Peripheral

0 33.2 1.14 67.5 2.33 29

3 171 2.94 1,591 27.3 58.2

5 170 2.53 834 12.4 67.2

10 183 2.28 484 6.03 80.2

15 206 2.12 496 5.10 97.3

SPECT improved in the frontal and parietal lobes after sur-

gery on our patient. In a study that evaluated the cerebral

blood flow using the 3D pseudo-continuous arterial spin la-

beling method in patients before and after treatment, the

cerebral blood flow was found to be significantly reduced in

cortical regions, such as the occipital and parietal lobes, in

patients before treatment compared to controls (9). Further-

more, the cerebral blood flow was restored after surgery to

the same level as in the control group, and the amount of

change in blood flow restoration after surgery correlated

with the amount of change in 24-h urinary free cortisol after

surgery. This result reinforces our findings. Taken together,

these results suggest that the restoration of the blood flow

and glucose consumption in the areas strongly affected by

steroids after surgery may have contributed to the improve-

ment of the cognitive function.

The detailed mechanism by which glucocorticoid excess

leads to the decreased cerebral blood flow is not fully un-

derstood, but it has been speculated that glucocorticoid re-

ceptors are involved. Glucocorticoid receptors are widely

distributed throughout the brain (10), and it is thought that

patients with Cushing’s disease are exposed to excessive

glucocorticoids via glucocorticoid receptors, resulting in

metabolic abnormalities and a decreased blood flow

throughout the brain. The fact that the amount of change in

blood flow recovery before and after surgery correlates with

the amount of change in 24-h urinary free cortisol before

and after surgery also reinforces this speculation. Recently,

it has also been reported that changes in the cerebral blood

flow in response to increases or decreases in metabolic de-

mand are regulated by the neurovascular unit, which is com-

posed of neurons, glial cells, and vascular endothelial

cells (11). Hypercortisolemia affects the shape of dendrites

of neurons via glucocorticoid receptors, resulting in the loss

of synapses (12). The proliferation of astrocytes, a type of

glial cell, is also severely inhibited by prolonged excessive

glucocorticoid action via glucocorticoid receptors (13). Fur-

thermore, it has been shown that excess cortisol induces su-

peroxide production in vascular endothelial cells, resulting

in vascular endothelial dysfunction (14). These mechanisms

are thought to interact in a complex manner, causing hyper-

cortisolism to reduce the cerebral blood flow in a wide

area (15).

The involvement of the hippocampus in cognitive decline

and hippocampal atrophy has been reported in patients with

Cushing’s disease. Cognitive decline and hippocampal atro-

phy have also been observed in patients with Cushing’s syn-

drome (16). Correction of hypercortisolism has been shown

to improve the cognitive function in patients with Cushing’s

syndrome (17). Taken together, these findings suggest that

hypercortisolemia is directly involved in hippocampal atro-

phy and cognitive decline. The hippocampus contains an

abundance of glucocorticoid receptors (18), which are likely

to be strongly affected by hyperglucocorticoidemia. There-

fore, it is thought that the cerebral blood flow is reduced in

the hippocampus through glucocorticoid receptors. In the

present case, as shown in the 3D-SSP analysis of SPECT,

there was a decrease in the blood flow in the hippocampal

region preoperatively; however, no decrease in the blood

flow was observed postoperatively. In contrast, no marked

change in the size of the hippocampus was observed in our

patient, possibly because this case was discovered shortly af-

ter the onset of Cushing’s disease, before any organic

changes in the hippocampus had occurred. Although a re-
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Figure　2.　Hematoxylin and Eosin staining (a) and immunohistochemistry of pituitary adenoma. 
Immunohistochemistry showed positive immunostaining for ACTH (b) and negative findings for GH 
(c), PRL (d), LH (e), FSH (f), and TSH (g). The Ki-67 index was <1% (h). ACTH: adrenocortico-
tropic hormone, GH: growth hormone, PRL: prolactin, LH: luteinizing hormone, FSH: follicle-stim-
ulating hormone, TSH: thyroid-stimulating hormone

Table　5.　Mini Mental State Examination.

Preoperative
6 months after 

operation

Orientation to time 4 5

Orientation to place 3 3

Registration 2 3

Attention and calculation 0 0

Recall 1 3

Naming 2 2

Repetition 0 1

Stage command 3 3

Reading and obey 1 0

Writing 0 0

Copying 1 1

Total score 17 21

duction in the hippocampal volume is often observed in pa-

tients with Cushing’s disease, some reports indicate that vol-

ume reduction does not necessarily occur in all cases. A

27% reduction in hippocampal volume has been observed

compared to healthy subjects (19). In addition, in a report

on Cushing’s syndrome, the cognitive function improved af-

ter surgery, but the hippocampal size did not change (16).

These results suggest that correction of hypercortisolism

may not lead to the recovery of the hippocampal size, al-

though the correction of hypercortisolism is significant

enough to improve the cognitive decline.

In the present case, temporal disorientation and delayed

regeneration improved after surgery. Both of these findings

are consistent with results reflecting the recovery of the hip-

pocampal function. In patients with Cushing’s disease, im-

mediate memory, delayed replay, and repetition are particu-

larly impaired among cognitive functions (6), and in the pre-
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Figure　3.　Head magnetic resonance imaging (MRI) in T1-weighted transverse images before opera-
tion (a) and six months after the operation (b) showing extensive atrophy of the cerebrum.

a b

Figure　4.　N-isopropyl-p123I-iodoamphetamine single-photon emission computed tomography 
(123I-IMP SPECT) before the operation showing a decline in the blood flow in all lobes (a). 123I-IMP 
SPECT six months after the operation (b) showing an improvement in the blood flow in the frontal 
(white circles) and parietal lobes (yellow circles). The blue area shows decreased blood flow. The red 
area indicates that blood flow is maintained. RT.LAT: right lateral, LT.LAT: left lateral, SUP: supe-
rior, INF: inferior, ANT: anterior, POST: posterior, RT.MED: right medial, LT.MED: left medial

a

b

sent case, these three parameters improved after surgery. In

addition, all of these parameters are known to be areas that

strongly reflect the function of the hippocampus. Therefore,

it is highly likely that the improvement in the cognitive de-

cline in this case was due to functional recovery achieved by

improving the blood flow to the hippocampal area.
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Figure　5.　Results of a three-dimensional stereotactic surface projections (3D-SSP) analysis using 
123I-IMP SPECT before the operation showing a decline in the blood flow in the frontal, parietal, and 
hippocampal lobes (a). 123I-IMP SPECT six months after the operation (b) showing an improvement 
in the blood flow in these lobes. Red squares indicate areas where blood flow has improved after sur-
gery, and red arrows indicate areas of the hippocampus. RT.LAT: right lateral, LT.LAT: left lateral, 
SUP: superior, INF: inferior, ANT: anterior, POST: posterior, RT.MED: right medial, LT.MED: left 
medial, GLB: global whole brain, THL: thalamus, CBL: cerebellum, PNS: pons

We will next discuss the relationship between Cushing’s

disease and sarcopenia. In the current literature, there have

been no reports of post-operative improvements in sarco-

penia in Cushing’s disease. Glucocorticoids act on glucocor-

ticoid receptors in skeletal muscles, causing muscle atrophy

by simultaneously promoting catabolism and inhibiting

anabolism and leading to the development of sarcopenia in

patients with Cushing’s disease (20). The 24-h urinary corti-

sol concentration in patients is significantly negatively corre-

lated with the psoas muscle density (21). Recently, correla-

tions between the cortisol level in the blood and the severity

of Cushing’s disease (22) as well as between subclinical hy-

percortisolism and decreased skeletal muscle mass in women

have been reported (23). Furthermore, salivary cortisol lev-

els have been reported to correlate with blood and urine cor-

tisol and are involved in the development of sarcopenia in

menopausal women (24). In summary, there is a strong cor-

relation between blood and urinary cortisol levels and mus-

cle mass in older women. In our case, rehabilitation was

continuously performed before and after surgery. Rehabilita-

tion is important and effective in improving muscle mass in

older patients. However, in the present case, the patient’s

SMI improved following the significant decrease in urinary

cortisol levels after TSS. This result suggests that the de-

crease in urinary cortisol level may have enhanced the effect

of rehabilitation and contributed to the recovery of the mus-

cle mass.

Currently, the first-line treatment for Cushing’s disease is

resection of the pituitary adenoma by TSS. However, if the

patient is unable to undergo surgery, there are several op-

tions for drug therapy. There have been reports comparing

the efficacy of medications that inhibit ACTH secretion by

the pituitary gland (cabergoline and pasireotide) and those

that target steroidogenesis in the adrenal gland (metyrapone,
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Table　6.　Complication Data.

Preoperative 6 months after operation

Blood pressure (mmHg) 130-140/70-80 

(4 agents)

100-130/50-80 

(same agents as preoperative)

HbA1c (%) 8.7 (MDI and OHA) 7.4 (OHA)

Triglyceride (mg/dL) 68 169

HDL cholesterol (mg/dL) 45 35

LDL cholesterol (mg/dL) 80 (1 agent) 86 (same agent as preoperative)

Grip strength (kg) Right/Left 10/10 12/11

SMI (kg/m2) 5.175 5.432

Muscle mass in both lower limbs (kg) 8.19 8.60

FIM 63 82

Young adult mean of femoral neck BMD (%) 55 51

MDI: multiple daily insulin injection, OHA: oral hypoglycemic agent, HDL: high-density lipoprotein, LDL: low-den-

sity lipoprotein, SMI: Skeletal Muscle mass Index, FIM: Functional Independence Measure, BMD: bone mineral den-

sity

oshiodrostat, ketoconazole, and mitotane). The efficacy of

cabergoline was low (about 50%), although no major ad-

verse effects were reported, and that of pasireotide was high

(76%), but adverse drug events, including a relatively high

incidence of hyperglycemia, were present (87%). Regarding

metyrapone, evidence of its long-term efficacy is lacking.

Regarding the recently developed oshiodrostat, the results of

a phase III trial were reported in 2020 (25). A complete re-

sponse at 48 weeks was achieved in 66.4% [95% confidence

interval (CI): 57.9, 74.3] of the treated group, while nausea

(42%), headache (34%), fatigue (28%), and adrenal insuffi-

ciency (28%) were reported as adverse events. In addition,

many patients fail to achieve disease remission. The efficacy

of ketoconazole is reportedly inconsistent, ranging from

45% to 85%. Mitotane has been shown to be effective in

72% to 81% of subjects, but the frequency of side effects,

especially gastrointestinal symptoms (47%) and neurological

symptoms (30%), prevents its continued use, and discontinu-

ation results in the recurrence of hypercortisolism (26). In

summary, TSS is the current first-line treatment for Cush-

ing’s disease.

In general, invasive treatments such as surgery are often

avoided in older patients because they lead to a loss of the

cognitive function and muscle mass. Indeed, a backward-

looking analysis based on a U.S. database from 1998 to

2005 reported a higher mortality rate among older patients

in the perioperative period than among younger patients (5).

However, in recent studies, TSS was shown to have rela-

tively low invasiveness, and no increased surgical risk was

observed in older patients compared to younger pa-

tients (27). In fact, our patient showed no obvious complica-

tions during surgery. Furthermore, six months after surgery,

the cognitive function and muscle mass had improved.

These findings suggest that surgical correction of excessive

cortisol secretion by performing surgery is highly effective

for older patients.

In conclusion, we encountered an older patient with

Cushing’s disease who underwent surgical treatment and ex-

perienced improvement in the cognitive function and muscle

mass after TSS. TSS should therefore be considered as an

option to treat Cushing’s disease whenever possible.

Written informed consent for the publication of the clinical

details was obtained from the patient.

The authors state that they have no Conflict of Interest (COI).
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