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ARTICLE INFO ABSTRACT

Cushing’s syndrome is a hormonal disorder that affects multiple systems of the 
body. It is caused by excessive cortisol production. Cortisol is the hormone produced by 
adrenal gland. Its secretions varies with circadian rhythm and its peak can be seen in the 
morning, however, during night it is produced in very low quantity. The pituitary gland 
is responsible for the secretion of adreno-corticotropic hormone, which stimulates the 
secretions of adrenal gland. So, if tumor develops in the pituitary gland or in adrenal gland, 
the secretions of cortisol ultimately increases. However, its common cause is idiopathic 
but it may also be caused by the excessive or prolonged intake of synthetic glucocorticoids. 
The disease is found 3 to 5 times more in females than in males. Menstrual irregularities, 
hirsutism, psychosis, plethora, fatigue and weight gain (especially centripetal obesity) are 
the most common clinical features. The diagnosis is normally made upon detailed history 
of intake of steroids and physical examination. The treatment includes both medical and 
surgical modalities depending upon the cause of the disease and the systems involved. 
This article gives an illustrative review of the disease, its causes, and diagnosis, treatment, 
comorbidities, complications and case reports. 

Abbreviations: CS: Cushing’s Syndrome; ACTH: Adrenoorticotrophic Hormone; CRH: 
Corticotrophin Releasing Hormone; UFC: Urinary Free Cortisol; PCOS: Poly Cystic Ovary 
Syndrome; GIP: Gastric Inhibitory Polypeptide; ONDST: Overnight Dexamethasone 
Suppression Test; UFC: Urinary Free Cortisol; LDDST: Low Dose Dexamethasone 
Suppression Test
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Introduction
Cushing’s Syndrome (CS) is a disease caused by excessive 

cortisol production. Cushing’s syndrome is due to excessive 
Adrenoorticotrophic Hormone (ACTH) secretion (either from 
ectopic tumor or pituitary glands, or independently produced by 
zona fasciculata of the adrenal cortex. Stress and low levels of blood 
glucocorticoids are stimulator of cortisol release [1,2]. It causes 
hyperglycemia via gluconeogenesis. It is involved in metabolism  

 
of fat, proteins, and carbohydrates. Hypothalamus controls the 
release of cortisol. ACTH (Adrenocorticotropic hormone) is 
secreted into the blood and stimulates the adrenal gland to release 
cortisol. Lower limit for cortisol is 140 mm/L and upper limit is 
700 mm/L at 9:00 am. Lower limit for plasma cortisol is 80 mm/L 
and 350 mm/L at midnight. It has been observed that patients with 
hypercortisolism need an accurate evaluation of adrenal gland 
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function after remission to prevent the occurrence of subclinical 
or clinical hypercorticism [3,4]. Cushing’s syndrome is a serious 
endocrine disorder [3]. The limbs remain relatively thin or really 
wasted, the whole impression giving rise to the term buffalo obesity 
[5]. Cushing’s disease in infants is rare and has been reported 
secondary to pituitary macroadenoma [3]. The diagnosis and 
management of the syndrome remain a challenge [3,6-9]. 

Actions of Glucocorticoids

Increased or stimulated level of corticosteroid is characterized 
by circulating neutrophils, uric acid production, free water 
clearance, potassium loss, sodium retention, fat deposition, protein 
catabolism, and glycogen deposition. Decreased or inhibited level 
of corticosteroids is characterized by circulating eosinophils, 
circulating lymphocytes, delayed hypersensitivity, lymphocyte 
transformation and protein synthesis [10].  

Some Therapeutic Uses of Glucocorticoids                      

Glucocorticoids are used in diseases such as lymphoma [11], 
eczema, pemphigus, cerebral edema, vasculitis, temporal arteritis 
[12], polymyalgia rheumatica [13], systemic lupus erythematous 
[14], ulcerative colitis [15], hay fever [16], sarcoidosis [17], chronic 
bronchitis [1], emphysema [18], asthma [1] and rheumatoid 
arthritis [19]. 		             

Side Effects of Steroids

Side effects of steroids include buffalo hump, easy bruising and 
cataract [20,21].              

Etiology

Administration of glucocorticoids for treatment of nephrotic 
syndrome [22], asthma [23] and immune diseases, adrenal tumor 
(adenoma/ carcinoma), adrenal hyperplasia, pituitary tumor cause 
Cushing’s syndrome. Table 1 [1]. 

Pituitary Adenoma

Cushing’s syndrome can be caused by pituitary adenoma 
[24]. Pituitary adenoma secretes an increased amount of 
Adrenocorticotropic hormone. Cushing’s syndrome affects women 
more frequently (five times) than men [1].

Ectopic ACTH Syndrome

Some tumors develop outside the pituitary gland and secrete 
ACTH. This condition is called ectopic ACTH syndrome [25]. Fifty 
percent of cases are due to lung cancer. This condition occurs in 
men 3 times more than in women [26].   

Clinical features

Clinical signs of Cushing’s disease include truncal obesity, moon 
faces, plethora, increased fragility of the skin with ecchymosis and 
striae, muscle atrophy, easy fatigability and weakness, mild acne, 
hirsutism, amenorrhea, nephrolithiasis, hypertension, leukocytosis 

with lymphopenia and eosinophilia, glucose intolerance and 
osteoporosis  [4].  However, these gross clinical manifestations are 
not always present. Purple shaped striae of greater than 1 cm in 
width proximal myopathy, facial plethora, and easy bruising are the 
main features. All of these signs are the hallmark of protein wasting 
that is specific to Cushing’s disease. Central obesity and weight 
gain is the common feature of Cushing’s syndrome. Besides central 
obesity, deposition of fat also occurs in parts like temporal region, 
cheeks, supra-clavicular region, and thoracic-cervical spine results 
in moon like round face. Plethora and bruising over the face occurs 
due to thinning of skin in these areas because of hyper-cortisolemia. 
Typically, striae are normally present over abdomen, arms, 
breasts, and upper thighs. In case of Adrenocorticotropic hormone 
dependent Cushing’s disease, skin pigmentation is usually present. 
Increased tendency for fractures due to unexplained osteoporosis 
is another clinical feature of protein wasting. Presence of these 
discriminative signs guides us to be doubtful and to investigate 
more. They also help to differentiate pseudo-Cushingoid states (i.e. 
alcoholism, obesity, depression, and metabolic syndrome with or 
without diabetes and hypertension) from Cushing’s state. In case of 
exogenous Cushing’s syndrome, the common clinical manifestations 
are cataract, glaucoma, pancreatitis, intracranial HTN (benign), and 
head of the femur necrosis. (Table 2).

Diagnosis                                             

The diagnosis is based on the patient’s medical history, physical 
examination and laboratory tests [27]. Often, X-ray examinations of 
the adrenal or pituitary glands are useful for identifying tumors [28]. 
Screening is necessary to differentiate true Cushing’s syndrome 
from pseudo- Cushing’s syndrome. As in pseudo- Cushing’s 
syndrome over activity of hypothalamic pituitary axis may results 
in hypercortisolism, abnormal suppressibility of dexamethasone 
and a slight rise of Urinary Free Cortisol (UFC) [29]. Dexamethasone 
suppression test followed by Corticotrophin Releasing Hormone 
(CRH) stimulation is usually the test of choice for this purpose. 
After CRH stimulation test patients with Cushing’s syndrome have a 
cortisol value > 1.4 µg/dL, whereas patients with pseudo-Cushing’s 
syndrome have no effect on their cortisol level [29]. Now the next 
step is to exclude the exogenous cause from endogenous cause of 
Cushing’s syndrome. Apart from clinical history, level of basal (8:00 
am) cortisol differentiates these two causes. Cushingoid features 
with suppressed level of cortisol are suggestive of exogenous cause 
except for cyclic Cushing’s syndrome in which decreased level of 
cortisol is present. Various tests are used for the screening purposes 
as depicted in Table 3.

Laboratory tests	 		   

24-hour Urinary Free Cortisol Levels    

Overnight low dose dexamethasone suppression test 

It is observed that cortisol level decreases after administration 
of dexamethasone in normal person. However, in case of patient 
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with Cushing’s syndrome, cortisol level does not decrease. In this 
test, dexamethasone 1 mg is administered at 11 pm. and cortisol 
level is checked at 8 am. Level of plasma cortisol level more than 5 
µg/dl indicates hypercorticism (Cushing syndrome) [29].

Concentration of cortisol in urine reflects the concentration of 
cortisol in the blood [30]. The level of urinary free cortisol between 
300-1000 µg/24 hours indicates Cushing’s syndrome. 

CRH Stimulation Test and Direct Imaging of Endocrine Glands

Figure 1: 

Lithoeidous sinus sampling [31]. The dexamethasone-CRH 
test. After confirmation of hypercortisolism (Cushing syndrome), 
the initial step is to differentiate non-ACTH dependent Cushing’s 
syndrome from ACTH dependent. Level of ACTH is measured 
for this purpose. After the confirmation of dependent Cushing’s 
syndrome, further test are performed to distinguish ectopic 
or pituitary cause. In the presence of undetectable ACTH and 
excessive cortisol secretion, which are indicators of tumor of the 
adrenal gland, therefore CT scan for detection of adrenal tumor 
is performed. If ACTH is normal or raised, it shows ectopic ACTH 
syndrome or pituitary tumor. MRI is performed for detection of 
pituitary tumor. For detection of ectopic source, CT chest, chest 
X-ray and CT abdomen is done to find out the source (Figure 1).

Complications 

Complications of Cushing syndrome include high blood pressure 
[32], diabetes mellitus [33], serious infections [34], enlargement of 
pituitary tumor [31], fractures due to osteoporosis [35] and kidney 
stones [33]. 

Treatment of Cushing Disease

Medical Treatment

Fluconazole inhibits adrenal steroid formation [1] and is used 
preoperatively before surgery is undertaken for adrenal tumor [1]. 
Hypertension is also managed by prescribing antihypertensive 
drugs [36]. Patients who are not a candidate for surgery are given 
ketoconazole 200 mg 6- hourly [37]. 

Surgical Treatment

Pituitary lesion: Transphenoidal surgery is the first choice for 
treatment of pituitary tumor. Function of pituitary gland restores 
but corticotrophin level suppresses and that requires 6-36 months 
to recover normal function. Hydrocortisone treatment is given 
during this period [38]. Patients who fail to have remission after 
pituitary surgery can be treated by laparoscopic removal of both 
adrenal glands [1] (Tables 1-3). 

http://dx.doi.org/10.26717/BJSTR.2020.31.005087


Copyright@ Kayode A A Abolanle, Muhammad Akram | Biomed J Sci & Tech Res | BJSTR. MS.ID.005087.

Volume 31- Issue 2 DOI: 10.26717/BJSTR.2020.31.005087

24120

Table 1: Classification of causes of Cushing’s Syndrome

Adrenocorticotrophic Hormone Dependent Causes ACTH-Independent auses Pseudo-Cushing’s Syndromes

Cushing’s disease (pituitary dependent) 70 % Adrenal adenoma (10) and carcinoma (5-10%) Depression

Ectopic ACTH syndrome 5-10 % PPNAD* and Carney’s syndrome < 5 % Obesity

Ectopic corticotropin releasing hormone (CRH) 
syndrome (rare) McCune Albright syndrome (rare) PCOS

Macronodular adrenal hyperplasia <5% Aberrant receptor expression [ IL-b, GIP-1b (rare)] Obesity

Iatrogenic (treatment with 1-24 ACTH) Iatrogenic (cortisone therapy)

Note: *PPNAD, Primary pigmented nodular adrenal hyperplasia

Table 2: Clinical features and overlapping conditions of Cushing’s syndrome.

A: Discriminative Features of Cushing’s syndrome

Facial plethora Easy bruising Proximal myopathy

Red purple striae (>1 cm) Weight gain with decreasing velocity of growth (In Children)

B: Clinical features that are less discriminatory and/or common

Symptoms Sign Overlapping Conditions

Fatigue Thin skin* Hypertension

Weight gain Supraclavicular fullness Vertebral Osteoporosis*

Depression Facial fullness PCOS

Changes in appetite Peripheral edema Incidental adrenal mass

Back pain Acne Type 2 Diabetes mellitus

Low concentration Poor healing Hypokalemia

Insomnia Hirsutism Unusual infections 

Impaired memory Delayed puberty or Pseudo precocious Hypokalemia

Menstrual abnormality Children –abnormal genital virilization

Insomnia Children-short stature

Children slow growth

Table 3: Tests for Cushing’s disease.

Test Method Value Sensitivity Sensitivity

ONDST 1 mg dexamethasone given night before collection > 1.8 µg/dL 98-100 % 88 %

UFC 24 hour urine collection > 100µg/24 hours 95-100 % 90-95 %

LDDST 0.5  mg dexamethasone for 48 hours > 1.8 µg/dL 98-100 % 97-100 %

Midnight Cortisol Midnight serum > 7.5µg/dL (Awake) 94 % 100 %

Salivary Cortisol Midnight saliva > 0.27µg/dL (Midnight) 100 % 96 %

Case Reports

Herbal Formulation and Cushing’s Syndrome 

A case of Cushing’s syndrome was reported in a 69-year-old 
woman that was using the herbal formulation, Sinatren. This drug 
was analyzed and it was found that Sinatren contain steroids. 
The patient was advised not to use this drug in future. After 
discontinuation of this drug, she developed adrenal insufficiency, 
for which she needed substitution of steroids. Traditional medicine 
practitioners should be aware of the presence of corticosteroids in 

herbal formulation that are not mentioned on the instruction leaflet 
[39].

Chinese Medicine and Cushing Syndrome

Traditional medicines are prescribed for chronic arthritis 
including gout [1]. Modern herbal formulations that are available 
in the form of capsules or tablets may contain corticosteroids [40]. 
A 60-year-old Chinese man came to a hospital in Singapore with 
gastro-enteritis. From the history and physical examination, it was 
found that the patient is suffering from Cushing’s syndrome. He 
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had been previously told that he was suffering from gouty arthritis 
and Trado-medical physicians had prescribed Chinese medicine 
for him. On analysis of the medicine, it was found that it contained 
corticosteroids. Doctors should observe and take note of herbal 
drug contents such as this Chinese medicine that  may contain 
cortisol with side effects such as Cushing’s syndrome [41]. 

Total Bilateral Adrenalectomy due to Cushing’s 
Syndrome and Pre-Eclampsia 

A case has been reported of pre-eclampsia during the eighth 
month of pregnancy in a woman with total bilateral adrenalectomy 
due to Cushing’s syndrome. During this illness, it was observed 
that there was less amount of cortisol in the blood. Aldosterone 
level in urine was also less as compared to normal pregnancies 
in adrenalectomized women after withdrawal of steroid therapy. 
Hypertension remained a specific sign of preeclampsia. These 
events cast doubt on the etiologic role of the adrenal steroids in 
toxemia of pregnancy [42].

Cutaneous Alternariosis in Association with Scabies or 
Iatrogenic Cushing’s Syndrome                                   

Cutaneous alternariosis is not common. Infectious diseases 
are common in immunocompromised patients. Three cases have 
been reported from Taiwan. Patients suffering from this disease 
were living in Tainan and by occupation were farmers. Crusted 
papules were developed over the extensor aspect of the forearms 
or hands of these patients. Biopsy specimens showed pure colonies 
of Alternaria sp. Pleomorphic fungal elements in the dermis 
within suppurative, granulomatous infiltrates were detected. 
Seven common antigens were administered intradermal and these 
patients showed negative reaction to these antigens. Iatrogenic 
Cushing’s syndrome was found in case 2 and 3. Extensive scabies 
had case 1 and 3; Norwegian type was in case 1. In this study, the 
author was reporting for the first time, scabies associated with 
alternariosis. When intralesional amphotericin B was administered 
then the infection spontaneously subsided in Case 1 but in Case 2, 
infection regressed after seven weeks [43]. It was concluded that 
cutaneous alternariosis may occur in association with scabies or 
iatrogenic Cushing’s syndrome.

Cushing’s Syndrome and Diabetes Mellitus

Diabetes mellitus may occur as complication of Cushing’s 
syndrome that usually occurs due to excess amount of 
glucocorticoids 1 Clinical feature are weakness in proximal muscles, 
central obesity, cane, purple ribs, neuropsychological disorders 
and hirsutism. Diabetes is a metabolic disorder that occurs due to 
relative or absolute deficiency of insulin resulting in hyperglycemia 
and glycosuria [44]. However, there is excess amount of cortisol 
that is responsible for diabetes mellitus. Woods et al, 2014 studied 
the interrelationship of diabetes and Cushing syndrome [1].

Conclusion
Cushing’s syndrome occurs due to increased levels of cortisol in 

the blood. This disease is associated with various diseases such as 
systemic hypertension, diabetes, osteoporosis, decreased immune 
function and impaired development, visceral obesity, insulin 
resistance. Cushing’s syndrome occurs when the body is exposed 
to high levels of the hormone cortisol or other steroid hormones. 
This disease can be prevented by organizing awareness programs 
about Cushing’s syndrome. It is recommended that prophylaxis 
against chronic diseases should also be used. The development 
of new drugs provides the clinicians with several choices to treat 
patients with residual cortisol excess. However, the long-term 
effects and comorbidities associated with hypercortisolism need 
continuous care for patients affected by this challenging syndrome, 
Improvements in diagnosis and management of Cushing’s disease 
have raised patients’ survival rate.
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