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Abstract: Here, we report a case of a patient with symptoms of Cushing syndrome, who is 
diagnosed with primary generalized glucocorticoid hypersensitivity in the end. The patient’s 
relevant laboratory tests and imaging examinations are described. Mifepristone, 
a glucocorticoid receptor antagonist, was prescribed and its therapeutic effect on the patient’s 
electrolyte level, lipid metabolism, and bone metabolism was observed during the treatment. 
The endocrine assessment indicated normal pituitary-adrenal axis regulation function but 
reduced cortisol secretion. Quantitative reverse transcription-polymerase chain reaction 
indicated reduced mRNA level of mineralocorticoid receptor gene. Pituitary magnetic reso
nance imaging showed normal pituitary anatomy, while adrenal computed tomography scan 
showed bilateral adrenal atrophy and increased content of visceral and abdominal subcuta
neous fat. Moreover, chromosome examination revealed a normal 46, XY chromosome. In 
this case, mifepristone was administered to treat primary generalized glucocorticoid hyper
sensitivity. To the best of our knowledge, there are a few reports on mifepristone-treated 
primary generalized glucocorticoid hypersensitivity. In the one-year follow-up visits, the 
evaluated results of electrolyte level, lipid metabolism, and bone metabolism indicated that 
the patient’s symptoms resulting from cortisol hypersensitivity were relieved progressively. 
Keywords: primary generalized glucocorticoid hypersensitivity, mifepristone, 
glucocorticoid receptor, electrolyte, lipid metabolism, bone metabolism

Introduction
To date, primary generalized glucocorticoid hypersensitivity (PGGH) has been 
reported in a few cases. In all these cases, the patients harbored cushingoid 
manifestations but with hypo- or normocortisolemia. However, the mechanisms 
leading to this phenomenon were remained to be elucidated. A notable review 
recently demonstrated that glucocorticoid receptor (GR) gene mutations as well 
as N363S and Bcll polymorphisms played a pivotal role in this setting.1 

However, only one case has identified a GR gene mutation.2 Other cases 
postulated that the root causes may be found at transcription levels.3,4 In 
terms of the approaches to treat PGGH, GR antagonists, specifically mifepris
tone, were assumed to be the optimum treatment for impeding GR activity and 
relieving cushingoid symptoms.5–7 Here, we reported a patient with PGGH 
treated with mifepristone. We delineated the complete diagnosis and treatment 
process as well as the therapeutic effect on the patient’s electrolyte level, lipid 
metabolism, and bone metabolism.
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Case Presentation
A 27-year-old male was admitted to our hospital with edema 
of lower extremities and fatigue. Before admission, he had 
received the hydrochlorothiazide treatment for one week 
(25mg, qd) at a local hospital. After hydrochlorothiazide 
administration, he still felt weak, although the swelling was 
slightly relieved. Consequently, he discontinued the treatment 
because of its poor therapeutic effect. The patient acknowl
edged that he had never taken any exogenous hormone.

The patient’s blood pressure and body mass index were 
127/88 mmHg and 35kg/m2, respectively. Moreover, his 
weight had increased by about 25kg during the previous 
6 years. The patient’s secondary sex characteristics 
appeared when he was 15 years old, and although, he 
had normal external genital organs, but he had never 
experienced erection and ejaculation. Physical examina
tions revealed that he presented centripetal obesity, moon 
face, buffalo hump, and purple striae (Figure 1A). Mild 
swelling was found in his lower extremities.

Laboratory and Imaging Tests
Laboratory tests revealed the following data: adrenocortico
tropin (ACTH)<0.220 pmol/L (1.1–13.2 pmol/L); 24-hour 
urinary 17-hydroxycorticosteroids and 17-ketosteroid was 
1.142mg (2–10 mg/24h) and 6.286mg (6–25 mg/24 h), 
respectively; and 24-hour urinary-free cortisol was 
11.95nmol (100–379 nmol/24h). Other data obtained are 

shown in Table 1. Pituitary magnetic resonance imaging 
showed normal pituitary anatomy (Figure 2A), while the 
adrenal computed tomography scan showed bilateral adrenal 
atrophy and increased content of intra-abdominal fat and 
abdominal subcutaneous fat (Figure 2B). Dual-energy 
X-ray absorptiometry revealed that the body mineral density 
at the levels of lumbar 1-lumbar 4 was 0.685, Z score was 
−3.7, and the body fat was 48.7%. The patient’s chromo
some examination revealed a normal 46, XY chromosome.

Family History
The patient’s father had been abandoned as a child. He received 
inguinal herniorrhaphy at the ages of 10 and 53. He suffered 
from hypertension at age 45 and took nifedipine sustained 
release tablets (20 mg/d) and indapamide (1.5 mg/d) to control 
his blood pressure. His body mass index was 21.5 kg/m2 and he 
had a few purple striae on the abdomen. His ACTH was also 
less than 0.22 pmol/L and 24h urinary-free cortisol was 23.62 
nmol. The patient’s mother was healthy and had normal serum 
ACTH and cortisol levels.

Insulin Tolerance Test
The patient and his father were recommended the insulin 
tolerance test by intravenous injection of insulin (0.15 U/ 
kg). Serum samples were taken at 0, 15, 30, 60, 90, and 120 
minutes. During the test, the patient experienced dizziness, 
sweating, and weakness 3min after the insulin injection and 

Figure 1 Patient’s Cushing phenotype. (A) before mifepristone treatment; and (B) after treatment for one year.
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the blood glucose measured by glucose meter was 1.6 
mmol/L. Subsequently, he was intravenously administered 
50% glucose (60mL). After 15 min, the blood glucose 
increased to 12.2 mmol/L. Furthermore, his cortisol level 
was increased by 49% during the test. The plasma cortisol 
of the patient’s father increased by 105.9% during the test 
(Table 2).

Renin-Angiotensin-Aldosterone System 
Function
The function of renin-angiotensin-aldosterone system was 
also assessed. The blood samples were drawn by veni
puncture after 30 minutes of rest in a supine position in 
the morning, and 2 hours after staying in an upright posi
tion with 20mg furosemide intramuscular injection. The 
aldosterone-to-renin ratio was calculated. The patient’s 
plasma renin activity was above normal and serum aldos
terone was close to the lower limit (Table 1). The patient 
appeared weak and his potassium decreased from 3.5 to 
2.9 mmol/L after the injection of furosemide.

Quantitative Reverse 
Transcription-Polymerase Chain Reaction 
(RT-PCR)
RT-PCR was performed to evaluate the mRNA levels of 
GRα, GRβ, mineralocorticoid receptor (MR), 11β-1-hydro
xysteroid dehydrogenase (11β-1-HSD), 11β-2-HSD, hexose- 
6-phosphate dehydrogenase (H6PD), and 3β-2-HSD in the 
peripheral blood lymphocytes of the patient and two normal, 
age-matched men at three different time points. The mRNA 
levels of MR were found to be lower in our patient. 
However, the difference of the mRNA levels of other indices 
between the patient and the normal, age-matched males was 
not significant (Figure 3).

Mifepristone Treatment
The patient was treated with mifepristone 200mg/d for one 
month, and then 400mg/d for the next eleven months, during 
which time the patient was instructed to maintain a similar 
level of physical activity and receive the same calorie intake 
(25 kcal/kg/day). After one year of treatment with mifepris
tone (Table 3, Figure 1B), the patient’s body weight 
decreased from 95 kg to 93 kg. His total body fat decreased 
from 48.7% to 39.9%. The body mineral density at the levels 
of lumbar 1-lumbar 4 was increased from 0.685 to 0.702. 
During the treatment, the patient’s potassium level was 
always maintained within the normal range. The ACTH 
and cortisol level remained lower than normal.

Discussion
In this case, the diagnosis of Cushing’s syndrome was 
suspected initially when the patient was admitted to our 
hospital owing to his typical cushingoid symptoms. 
However, the endocrine profile abolished the possibility 

Table 1 Laboratory Examination in the Hospital

Parameters Value Reference 
Range

Cortisol 8am (nmol/L) 10.75 171–536

Cortisol 4pm (nmol/L) 12.20 64–327

Cortisol 0am (nmol/L) 9.14 –
Salivary cortisol (nmol/L) 1.0 –

Estrogen (pmol/L) 51.82 28–156

FSH (mIU/mL) 7.14 1.5–12.4
Progesterone (nmol/L) 0.29 0.7–4.3

LH (mIU/mL) 7.2 1.7–4.3
Testosterone (nmol/L) 8.86 6.68–29

Free testosterone (pg/mL) 24.6 42.6–164.0

Prolactin (μIU/mL) 530 86–324
Growth hormone (ng/mL) 1.23 <5

IGF-1 (ng/mL) 100 115–320

FT3 (pmol/L) 6.21 3.1–6.8
FT4 (pmol/L) 15.42 10–23

TSH (μIU/mL) 2.21 0.27–4.2

Ab-TG (IU/mL) 13.68 0–115
Ab-TPO (IU/mL) 6.26 0–34

Upright furosemide test
PRA (ng/mL/h) supine 3.6 0.05–0.79

PRA (ng/mL/h) upright 6.89 0.93–6.56

Aldosterone (ng/dl) supine 5.2 5.9–17.4
Aldosterone (ng/dl) upright 9.8 6.5–29.6

1-mg overnight dexamethasone 
suppression test

Cortisol (nmol/L) 0.64 –

Oral glucose tolerance test

0h (mmol/L) 4.84 3.9–6.1

1h (mmol/L) 5.97 3.9–7.8
2h (mmol/L) 5.72 3.9–7.8

3h (mmol/L) 5.47 3.9–6.1

Insulin release test

0h (mIU/L) 31.15 5–25

1h (mIU/L) 185.16
2h (mIU/L) 241.71

3h (mIU/L) 31.74

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; IGF-1, 
insulin-like growth factor-1; FT3, free triiodothyronine; FT4, free thyroxine; TSH, 
thyroid-stimulating hormone; Ab-TG, antibody-antithyroglobulin; TPO, thyroid per
oxidase; PRA, plasma renin activity.
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of Cushing syndrome due to his low to normal cortisol and 
ACTH levels.

In addition, his adrenal computed tomography scan 
showed bilateral adrenal atrophy. Therefore, the diagnosis 
of adrenal cortical insufficiency was assumed. After 
detailed consultation, we were informed that the patient 
had never suffered hypotension, hyponatremia, and 

hypoglycemia which are symptoms precipitated in adrenal 
cortical insufficiency. Moreover, the patient had increased 
content of body fat and osteoporosis.

We evaluated the patient’s adrenal function. Because 
ACTH-(1-24) was not available in our hospital at the time, 
the patient and his father underwent insulin tolerance test to 
assess their pituitary and adrenal function instead. The 

Figure 2 (A) Pituitary magnetic resonance imaging showing normal pituitary anatomy; (B) Adrenal computed tomography scan showing atrophic adrenals.

Table 2 Insulin Tolerance Test

Time(min) 0 3 15 30 60 90 120

Patient Serum cortisol (nmol/L) 
(nmol/L)

8.74 13.06 12.09 9.22 9.20 8.68

Plasma glucose (mmol/L) 4.46 2.2 12.2 10.4 5.0 4.7 4.7
Finger blood glucose (mmol/L) 1.6*

Patient’s father Serum cortisol (nmol/L) 9.97 9.6 8.37 11.78 15.20 20.53
Plasma glucose (mmol/L) 4.47 2.16 3.99 3.47 3.43 3.55

Note: *(50%GS 60mL iv).
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patient’s plasma cortisol level elevated by 49% during the test. 
His father’s cortisol level also increased significantly after the 
insulin injection, which was followed by hypoglycemia. This 
seems to indicate that insulin-induced hypoglycemia might 
restore the secretion of pituitary ACTH and adrenal cortisol. 

One can postulate that the regulating function of pituitary- 
adrenal axis was normal in our patient despite his low to 
normal ACTH and cortisol levels. All of these results negated 
diagnosis of adrenal cortical insufficiency unlikely.

Detailed interrogation revealed no history of exogen
ous glucocorticoids administration. The patient was men
tally healthy and cooperative during hospitalization. 
Therefore, the possibility of exogenous Cushing’s syn
drome was ruled out.

Due to the combination of subnormal cortisol, normal 
pituitary-adrenal axis function, and typical Cushing symp
toms, the possibility of PGGH was considered. The same 
holds true for the near lower-limit aldosterone level and 
significantly low aldosterone to renin ratio accompanied 
by normal adrenal function, which seems to reflect the 
aldosterone hypersensitivity. However, further investiga
tion is warranted to prove this speculation.

It is well established that patients with PGGH harbored more 
GR than normal, age-matched individuals.3,8 Furthermore, these 
patients tended to have abnormal GR-binding capacity; however, 
they also exhibit normal nuclear translocation, thermal stability, 
and heat activation.9 It is also worth noting that GR pertaining to 

Figure 3 RT-PCR results for the patient and two normal, age-matched men at three 
different time points. The results were normalized with the patient’s relative mRNA 
level as 1. *P<0.05.

Table 3 Comparisons Before and After Treatment

Parameters 0month 1m 4m 6m 9m 12m

Hormone and potassium levels

Adrenocorticotropin (pmol/L) <0.22 <0.22 <0.22 <0.22 <0.22 <0.22
Cortisol at 8am (nmol/L) 10.75 6.64 4.24 3.98 7.28 8.05

Cortisol (nmol/24h) 23.62 14.33 10.47 18.46 27.81 8.16

17-ketosteroid (mg/24h) 6.286 6.31 13.25 11.51 11.47 9.52
17-hydroxycorticosteroid (mg/24h) 1.142 <1.3 3.02 5.16 4.66 <1.3

Potassium (mmol/L) 3.0 4.5 4.74 4.74 4.16 3.68

Body fat distribution

Weight (kg) 95 – 94 – – 93

Left arm (%) 55.1 – 46.8 – – 45.4
Right arm (%) 57.4 – 50.5 – – 46.2

Trunk (%) 50.4 – 46.2 – – 41.4

Left leg (%) 47.6 – 40.9 – – 38.1
Right leg (%) 47.2 – 40.3 – – 38.2

Subtotal (%) 50.3 – 44.5 – – 40.9

Head (%) 26.9 – 25.7 – – 25.9
Total (%) 48.7 – 43.4 – – 39.9

Body mass density at lumbar spine
Lumbar1 0.599 – – – – 0.664

Lumbar2 0.683 – – – – 0.676

Lumbar3 0.713 – – – – 0.750
Lumbar4 0.732 – – – – 0.727

Total 0.685 – – – – 0.702
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the steroid hormone receptor family of nuclear receptor super
family of transcription factors, consists of two isoforms, GRα and 
GRβ.1 Furthermore, it is recognized that 11β-1-HSD and 11β- 
2-HSD plays an important role in the inter-conversion of cortisol 
and cortisone.10 Moreover, the role of H6PDH in adjusting the 
activity of 11β-1-HSD oxidoreductase activity has also been 
reported.11 Therefore, assessing the levels of GRα, GRβ, 11β- 
1-HSD, 11β-2-HSD, and H6PD would indirectly indicate the 
glucocorticoid action pathway.

On the other hand, MR is featured in response to steroid 
binding,12 especially of mineralocorticoids. 3β-2-HSD gene 
plays a pivotal role in encoding the 3β-2-HSD, which was the 
key enzyme for progesterone synthesis. Mineralocorticoids 
are the downstream products of progesterone. Therefore, MR 
and 3β-2-HSD can provide us with useful information on the 
mineralocorticoid action pathway.

Thus, we conducted the quantitative RT-PCR in the per
ipheral blood lymphocytes of the patients and two normal, 
age-matched males to evaluate the mRNA levels of GRα, 
GRβ, MR, 11β-1-HSD, 11β-2-HSD, H6PD, and 3β-2-HSD. 
The results disclosed that the mRNA level of MR in our 
patient was found to be lower than the normal, age-matched 
males. On the contrary, the levels of GRα, GRβ, 11β-1-HSD, 
11β-2-HSD, H6PD, and 3β-2-HSD were found to be similar 
to the normal, age-matched males.

The normal levels of 11β-1-HSD, 11β-2-HSD, and 
H6PD were substantiated with the quantitative RT-PCR. 
One can speculate that the activation of the 11β-1-HSD 
and 11β-2-HSD is not involved in glucocorticoid hyper
reaction. Moreover, normal level of GRs presented in RT- 
PCR indicated that there were not more GRs, which 
usually occurs in the PGGH, in our case.

Previous studies have introduced a groundbreaking 
concept, which showed that patients with PGGH may 
harbored GR mutations.1,2,13,14 We conducted first- 
generation sequencing assessment, however, no positive 
outcome was obtained. Therefore, the mechanisms under
lying the glucocorticoid hypersensitivity in our patient 
remained to be further elucidated.

Regarding treatment, ketoconazole and cabergoline previously 
used to treat a patient with PGGH; however, the therapeutic effect 
was not satisfactory.5 After treatment with these medications, the 
patient’s body weight decreased, but his Cushing symptoms were 
still presented. A recent review recommended that PGGH man
agement should focus on addressing relevant manifestations, such 
as dyslipidemia, type 2 diabetes, and hypertension.15 Considering 
that the patient’s ACTH and cortisol levels were lower than 
normal, ACTH suppressor and adrenal inhibitor were unlikely 

treatment options. Mifepristone, a GR antagonist, seems to be 
a suitable and preferred therapy for this patient. Newfield et al 
reported the relief of PGGH manifestations in a patient with 
mifepristone treatment.3 Thus, the mifepristone was recommended 
as therapeutic regimen for our patient. Due to the possibly unsa
tisfactory effects including hypokalemia, unstable blood pressure, 
and blood glucose level, during mifepristone treatment,16 200 mg/ 
d was prescribed initially and the patient’s blood pressure, blood 
glucose, plasma ACTH, plasma cortisol, and plasma potassium 
were under scrutiny.

During the first month, elevated ACTH and cortisol 
levels as well as reduced serum potassium level did not 
occur. In addition, symptoms of nausea did not occur. 
Then, the dosage of mifepristone was increased to 
400 mg/d. During the next 11 months, the patient’s 
ACTH and cortisol levels were not significantly altered; 
however, 17-ketosteroid and 17-hydroxycorticosteroid 
were increased. The patient’s blood pressure and blood 
glucose did not seem to be affected.

After treatment for one year, the patient’s symptoms of 
asthenia and edema were relieved. Furthermore, his body 
fat decreased significantly from 48.7% to 39.9%. 
However, his body weight decreased merely 2kg, which 
implied that our treatment substantially improved the fat 
metabolism in our patient. In addition, the patient’s lumbar 
mineral density did not decrease, however, it increased 
slightly after the mifepristone treatment, further suggesting 
that mifepristone can help to impede osteoporosis.

Conclusion
In conclusion, we have reported a patient with PGGH. 
Relevant examination results did not provide a reliable clue 
to the etiology of PGGH, which remains to be investigated 
further. The mifepristone was administered to the patient with 
satisfactory effects in terms of improved electrolyte level, lipid 
metabolism, and bone metabolism, further providing useful 
information for future treatment of PGGH patients.

Data Sharing Statement
The data that used to support this study are available on 
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Consent for Publication
Written informed consent has been provided by the patient 
and his father to have the case details and any accompa
nied images published.
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