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Abstract (English) 

Introduction: Plasma adrenocorticotropic hormone (ACTH) level has been 

recommended as the first-step test to differentiate ACTH-independent 

Cushing’s syndrome (CS) from ACTH-dependent CS. When plasma ACTH 

values are inaccurate, the high-dose dexamethasone suppression tests (HDST) 

and serum dehydroepiandrosterone sulfate (DHEA-S) can be used to make the 

differential diagnosis of Cushing’s syndrome. The aim of this study was to 

assess the utility of plasma ACTH level in the differential diagnosis of CS and 

compare it with those of HDST and serum DHEA-S. 

 

Methods: We conducted a retrospective and multicenter study from January 

2000 to May 2012. A total of 92 patients with endogenous CS were included. 

Plasma ACTH, serum cortisol and 24 hour urine free cortisol (UFC) after 

HDST, and serum DHEA-S were measured.  

 

Results: Fifty-seven patients had adrenal CS and 35 patients had Cushing’s 

disease. The area under the curve of plasma ACTH, serum DHEA-S and 

percentage suppression of serum cortisol and UFC after HDST 

were .954, .841, .950 and .997, respectively (all P <.001). The cut-off values 

for plasma ACTH, percentage suppression of serum cortisol and UFC after 

HDST were 24 pg/ml, 33.3%, and 61.6%. The sensitivity and specificity of 

plasma ACTH were 84.2%, 94.3% and those of serum cortisol and UFC after 

HDST were 95.8%, 90.6% and 97.9%, 96.7%, respectively.  
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Conclusions: There was a significant overlap in plasma ACTH levels between 

patients with adrenal Cushing’s syndrome and those with Cushing’s disease. 

The HDST may be useful in differential diagnosis of Cushing’s syndrome, 

especially when plasma ACTH alone is not conclusive. 

 

*This work is submitted in European Journal of Endocrinology 

---------------------------------------------------------------------------------------------- 

Keywords: Adrenal Cushing’s syndrome, Cushing’s disease, ACTH, 

HDST, and DHEA-S  

Student Number: 2012-22733 
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I. INTRODUCTION  

Cushing’s syndrome (CS) is a rare disorder characterized by excessive 

cortisol secretion from the adrenal glands and associated with various 

morbidity and increased mortality (1). The diagnosis of CS is biochemically 

confirmed by 24-hour urine free cortisol (UFC) at least 2 times, 1mg 

overnight dexamethasone suppression test or 2mg low-dose dexamethasone 

suppression test according to the Endocrine Society Guidelines (2). However, 

strong clinical suspicion is more important than biochemical test results for 

diagnosis of CS.  

CS is classified as adrenocorticotropic hormone (ACTH)-dependent CS and 

ACTH-independent CS. Accordingly, performing a plasma ACTH assay is the 

first step in the differential diagnosis of a patient newly diagnosed with CS. 

Plasma ACTH levels are low in ACTH-independent CS because excessive 

autonomously-released cortisol suppresses pituitary ACTH secretion (3–4). If 

plasma ACTH levels are high or normal, the high-dose dexamethasone 

suppression test (HDST), the corticotrophin-releasing hormone (CRH) 

stimulation test or the inferior petrosal sinus sampling (IPSS) have to be 

carried out additionally for the distinguishment between Cushing’s disease 

(CD) and ACTH-producing ectopic CS (4).  

Plasma ACTH assays have been dramatically improved in the past two 

decades, therefore undetectable or low-normal ACTH measurements can be 

possible in adrenal CS. Nevertheless, some recent studies have reported high 
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inter-assay variability and low reproducibility of plasma ACTH assays (5–6). 

In one study, 85% of all measurements were interpreted correctly, and only 60% 

of values were interpreted correctly in patients whose plasma ACTH levels 

were expected to be suppressed (7). Therefore, plasma ACTH values must be 

interpreted with caution. The wide variation of plasma ACTH values leads to 

difficulty in differentiating between ACTH-dependent and ACTH-

independent CS.  

The HDST has been the mainstay of biochemical tests to distinguish CD 

from ACTH-producing ectopic CS (8). The 2-day 8mg HDST has accuracy of 

about 80% in confirming the presence of CD in a population of patients with 

ACTH-dependent CS (9). This test is also used to CD from adrenal CS. 

However in that case, the sensitivity and specificity of HDST have been 

reported in the range of 65-100% and 60-100%, respectively and considerably 

varied according to studies (10–13). Hence, there is a still controversy about 

the diagnostic accuracy of the HDST in distinguishment of CD from adrenal 

CS.  

Serum dehydroepiandrosterone sulfate (DHEA-S) is the most abundant 

adrenal androgen in blood. Serum DHEA-S levels are usually in the high-

normal range in CD patients, but low in patients with adrenal CS due to low 

plasma ACTH levels (14–16). However, the normal range of serum DHEA-S 

is wide. Hence, serum DHEA-S is generally not used as a first step in the 

differential diagnosis of CS. 

We aimed to investigate the diagnostic utility of plasma ACTH levels to 
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distinguish adrenal CS from CD. We also compared the discriminatory role of 

plasma ACTH with that of HDST and serum DHEA-S levels. 
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II. METHODS 

1. Subjects 

We retrospectively collected data from 100 patients diagnosed with 

endogenous CS between January 2000 to May 2012 in Seoul National 

University Hospital, Seoul National University Bundang Hospital and SMG-

SNU Boramae Medical Center (2). Only 92 patients with CD and adrenal CS 

were included. Eight patients with ectopic, recurrent, cyclic and subclinical 

CS were excluded. Ectopic CS was found in 2 patients and recurrent CS was 

found in 4 patients.  

The diagnosis of CD was made by IPSS or brain magnetic resonance 

imaging and confirmed by pathology or post-surgical adrenal insufficiency 

after surgery. Thirty-two patients experienced operation and 3 patients had 

Gamma-knife surgery due to CD. The diagnosis of adrenal CS was made by 

abdominal computed tomography scan and confirmed by pathology after 

surgery. Furthermore, all patients with adrenal CS became hypoadrenal after 

removal of a solitary adrenal adenoma. 

Plasma ACTH was measured in all patients with CS. Serum DHEA-S levels 

were obtained from 41 patients and serum cortisol levels or UFC after HDST 

were performed in 77 patients.  

This study was approved by the institutional review boards of each center. 

 

2. Laboratory measurements 

 Serum cortisol and UFC were measured using a radioimmunoassay (RIA) 



5 

kit (IMMUNOTEC, Prague, Czech Republic). The reference range for 24-

hour UFC was 19.5-115.6 µg/day. We calculated the percentage suppression 

of 0800h serum cortisol concentration and UFC after a HDST using 8 mg 

dexamethasone administered daily for 2 days. Serum DHEA-S was measured 

with a competitive binding RIA kit (Diagnostic Products Corporation, Los 

Angeles, USA). The reference range of DHEA-S was 350-4300 ng/ml. 

Morning plasma ACTH was measured by an immunoradiometric assay 

(IRMA) (CIS-Bio International Saclay, France). The lowest sensitivity limit 

of IRMA was 2 pg/ml, the inter- and intra-assay CV were 2.9% for a 59 pg/ml 

concentration and 4.8% for a 203 pg/ml concentration, respectively (17). The 

reference range of ACTH at 0800-0900h is 10-60 pg/ml. Mean values of 

plasma ACTH were used for data analysis if plasma ACTH assays were 

performed repeatedly.   

 

3. Statistical analysis 

To evaluate association between diagnosis and baseline characteristics or 

biochemical findings, Fisher’s exact tests were used for categorical variables 

and Mann-Whitney tests were used for quantitative variables. Receiver 

operating characteristics (ROC) curve analyses were used to determine the 

discrimination values for plasma ACTH, serum DHEA-S, and response to 

HDST. The optimal cut-off points for adrenal CS were chosen using the 

Youden index (sensitivity + specificity - 1) (18). We calculated the sensitivity, 

specificity, positive predictive value (PPV), and negative predictive value 
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(NPV) for each biochemical test, based on the optimal cut-off points. 

Statistical analyses were performed using the SPSS software package (SPSS 

18.0 for Windows, Chicago, IL) and MedCalc statistical software (MedCalc 

12.5.0 for Windows, Medcalc Software, Mariakerke Belgium). P < .05 was 

considered statistically significant. 

  



7 

III. RESULTS 

1. Subjects 

Adrenal CS was present in 57 (62.0%) patients and CD in 35 patients 

(38.0%). The age, gender, serum cortisol, and 24-hour UFC did not differ 

significantly between the two groups (Table 1).  

 

Table 1. Clinical characteristics and laboratory results of patients with adrenal 

Cushing’s syndrome and Cushing’s disease  

 
Adrenal Cushing’s 

syndrome (n=57) 

Cushing’s 

Disease (n=35) 
P 

Female (%) 51 (89.5) 28 (80.0) .230 

Age at diagnosis (yr) 40 [31, 54] 40 [28, 54] .834 

Body mass index (kg/㎡) 24.1 [21.6, 27.0] 23.6 [22.2, 26.4] .816 

24 hour UFC (μg/day) 558 [365, 1099] 436 [222, 713] .136 

Serum cortisol (μg/dl) 18.1 [15.1, 22.6] 21.5 [14.4, 25.8] <.001 

ACTH (pg/ml) 14 [1.0, 21.5] 101 [55.0,136.0] <.001 

DHEA-S (ng/ml) 249.5 [166.8,730.3] 2329 [1330,3261] .001 

Percentage suppression of 

serum cortisol (%) 
-.7 [-13.3, 17.5] 88.5 [62.6, 92.8] <.001 

Percentage suppression of 

UFC (%) 
-3.1 [-78.2, 24.0] 94.4 [88.9, 97.4] <.001 

Data are presented as n (%) or median [25
th

, 75
th

 percentile]; UFC, urinary free 

cortisol; ACTH, adrenocorticotrophic hormone; DHEA-S, dehydroepiandrosteone 

sulfate  
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2. Distribution of plasma ACTH, serum DHEA-S levels 

and percentage suppressions of serum cortisol and urine 

free cortisol after high dose dexamethasone suppression 

test 

Compared to patients with adrenal CS, those with CD had higher plasma 

ACTH (median, 101 vs. 14 pg/ml; P< .001) (Figure 1A) and serum DHEA-S 

(median, 2329 vs. 249.5 ng/ml; P=.001) (Figure 1B). Plasma ACTH levels 

overlapped for patients with adrenal CS and CD in the range of 16-71 pg/ml 

(Figure 1A). The median percentage suppression of serum cortisol after 

HDST was 88% in patients with CD. More than 50% suppression of serum 

cortisol after HDST occurred in 26 (87%) of 30 CD patients. The median 

percentage suppression of UFC after HDST was 94% in CD patients. UFC 

was suppressed by more than 90% in 22 (73%) patients with CD (Figure 1C 

and 1D). Of the 45 adrenal CS patients, serum cortisol was suppressed more 

than 50% in only one patient. UFC was not suppressed greater than 90% in 

any adrenal CS patient (Figure 1C and 1D). The percentage suppression of 

serum cortisol and UFC after HDST was greater in CD patients than those 

with adrenal CS (P <.001). 
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Figure 1. Distribution of (A) plasma ACTH and (B) serum DHEA-S levels 

and percentage suppressions of (C) serum cortisol and (D) urine free cortisol 

after high dose dexamethasone suppression test in patients with CD and 

adrenal CS. CD, Cushing’s disease; Adrenal CS, Adrenal Cushing’s syndrome 
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3. Comparison of performance characteristics of 

biochemical parameters 

ROC curve analyses were used to assess the diagnostic power of plasma 

ACTH, serum DHEA-S, and percentage suppression of serum cortisol and 

UFC after HDST in differentiating adrenal CS from CD (Table 2). The area 

under the curve (AUC) was highest for UFC after HDST (Figure 2). The 

sensitivity for a plasma ACTH level less than 10 pg/ml was only 33.3%, 

although its specificity was 100%. For HDST, the sensitivity and specificity 

of percentage suppression of serum cortisol at 50% and UFC at 90% were 

97.6%, 86.2% and 100%, 73.4%, respectively. According to the Youden index, 

the optimal cut-off values of plasma ACTH and the percentage suppression of 

serum cortisol and UFC after HDST were 24 pg/ml, 33.3%, and 61.6%, 

respectively. Using these cut-off points, the sensitivity and specificity of 

HDST were higher than those of plasma ACTH, and the sensitivity and 

specificity of DHEA-S were lower than those of plasma ACTH. Suppression 

of UFC after HDST was the most powerful diagnostic tool.  

We additionally assessed the diagnostic power of HDST in patients with 

ACTH levels of 16-71 pg/ml (Table 3). Plasma ACTH levels were overlapped 

in 39 patients. Adrenal CS was present in 27 patients and CD was in 12 

patients. The HDST were performed only in 32 patients. Using calculated cut-

off points, the sensitivity and specificity of percentage suppression of serum 

cortisol after HDST were 95% and 100%. The sensitivity and specificity of 

percentage suppression of UFC after HDST were both 100%. When plasma 
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ACTH levels were 16-71pg/ml, percentage suppression of UFC after HDST 

was most powerful to distinguish adrenal CS from CD and its sensitivity and 

specificity was 100%.   
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Table 2. Performance characteristics of biochemical parameters used for 

diagnosing adrenal Cushing’s syndrome 

 
Cut 

off 

value 

AUC
95% 

CI 
Sensitivity Specificity

Predictive 

values 

 Positive Negative 

ACTH (pg/ml)  24 .954 
.889-

.987 
84% 94% 96% 79% 

DHEA-S (ng/ml) 908 .810 
.693-

.936 
86% 85% 92% 73% 

Percentage 

suppression of 

serum cortisol (%)  

33.3 .950 
.877-

.986 
96% 91% 94% 94% 

Percentage 

suppression of 

UFC (%) 

61.59 .997 
.949-

1.000 
98% 94% 96% 97% 

DHEA-S, dehydroepiandrosterone sulfate; UFC, urine free cortisol 
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Table 3. Subgroup analysis in patients with ACTH levels of 16-71 pg/ml 

 

UFC, urine free cortisol 

 
  

 Sensitiv

ity 
Specificity 

Predictive values 

 Positive Negative 

Percentage suppression 

of serum cortisol (%)   95% 100% 91% 100% 

Percentage suppression 

of UFC (%) 100% 100% 100% 100% 
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Figure 2. Receiver operating characteristics (ROC) curves for plasma ACTH, 

serum DHEA-S, percentage suppression of serum cortisol and urine free 

cortisol after HDST. The black line represents the results equivalent to chance. 

UFC, Urine free cortisol  
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4. Concurrent pituitary adenoma and adrenocortical 

adenoma 

Of the three patients with CD plus adrenocortical adenoma, one patient 

exhibited no plasma ACTH suppression (15 pg/ml), although the other two 

patients showed plasma ACTH suppression. However, the percentage 

suppression of serum cortisol and UFC were more than 50% and 90%, 

respectively (Table 4).  

 Of the 57 patients with adrenal CS, nine had pituitary tumor. In seven, 

plasma ACTH levels were higher than 10 pg/ml. However, serum cortisol and 

UFC levels after HDST were not suppressed in all patients (Table 5).  
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Table 4. Patient characteristics of Cushing’s disease with adrenocortical 

adenoma 

Patient 

ACTH 

(pg/ml) 

HDST 

Adrenal mass
a 

(cm) 
No Sex 

Age 

(yrs) 

Serum 

cortisol 

% 

UFC 

% 

1 F 69 174 99 99 1 

2 M 66 16 89 97 1 

3 F 73 101 90 - 1 

M, male; F, female; yrs, years; HDST, high-dose dexamethasone suppression test; 

UFC, urinary free cortisol 

In the HDST % indicates percentage suppression of serum cortisol and UFC after 

HDST. 

a
 longest diameter of mass 
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Table 5. Patient characteristics of adrenal Cushing’s syndrome with pituitary 

adenoma 

Patient 

ACTH 

(pg/ml) 

HDST 
DHEA

-S 

(ng/ml) 

Pituitary 

mass
b  

(mm) 
No Sex 

Age 

(yrs) 

Serum 

cortisol 

% 

UFC 

% 

1 F 24 38 29 14 245 4 

2 F 33 16 19 -152 188 7 

3 F 21 38 -29 10 3212 4 

4 F 27 <10 -64 -467 68 3 

5 F 51 22 -111 11 - 4 

6 M 40 24 -1.3 -10 692 3 

7 F 40 20 - - - 2 

8 M 53 <10 - -17 908 3 

9 M 57 17 6.7 -36 - 5 

M, male; F, female; yrs, years; HDST, high-dose dexamethasone suppression test; 

UFC, urinary free cortisol. 

In the HDST % indicates percentage suppression of serum cortisol and UFC after 

HDST. 

b
 longest diameter of mass 
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IV. DISCUSSION  

We investigated the utility of plasma ACTH assay in the differential 

diagnosis of CS and compared this with the utility of HDST and serum 

DHEA-S levels. We found that using undetectable plasma ACTH levels as the 

discriminatory parameter, a substantial number of patients with adrenal CS 

may remain unidentified. HDST may be a useful additional tool in the 

differential diagnosis of CS if plasma ACTH levels are indeterminate.  

The plasma ACTH assay is the mainstay in the differential diagnosis of CS 

(19). Because of its convenience and low cost, this assay is widely performed 

in out-patient clinics. Plasma ACTH concentrations are detectable in 60% of 

patients with adrenal CS; they are within the normal range in 30% of them 

(20). Similarly, 33.3% of patients with adrenal CS in our study had plasma 

ACTH concentrations below 10 pg/ml. Accordingly, plasma ACTH was of 

limited value in the differential diagnosis of CS. There was no significant 

difference in UFC or serum cortisol levels between patients with suppressed 

and non-suppressed plasma ACTH levels (data not shown). Low inter-assay 

reproducibility and variability of plasma ACTH assays may contribute to the 

poor diagnostic performance of plasma ACTH. Although plasma ACTH levels 

had a lower diagnostic accuracy than HDST in detecting adrenal CS, the 

sensitivity of plasma ACTH was 100% in patients with plasma ACTH levels 

suppressed to less than 10 pg/ml. Thus, further confirmatory tests may be 

unnecessary to identify adrenal CS if plasma ACTH levels are fully 

suppressed. However, when plasma ACTH levels are indeterminate, it is 
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difficult to definitely diagnose adrenal CS by plasma ACTH assay alone.  

Previous studies have reported HDST’s poor diagnostic accuracy in 

discriminating adrenal CS. However, the positive and negative predictive 

values of serum cortisol and UFC after HDST in our adrenal CS patients were 

approximately 95%, which were higher than those for plasma ACTH levels. 

Serum cortisol and UFC levels after HDST were not suppressed in any patient 

with adrenal CS. Moreover, when plasma ACTH levels were in the 16-71 

pg/ml, the specificity of percentage suppression of serum cortisol and UFC 

were 100%. These results suggest that the usefulness of HDST has been 

previously underestimated. The HDST was helpful in identifying the source of 

hormone secretion when both pituitary and adrenal nodules were detected by 

radiologic studies. In our study, 14% patients with adrenal CS had pituitary 

adenomas and 31% of CD patients had adrenocortical adenomas. The HDST 

successfully distinguished between adrenal CS and CD in these situations, 

whereas plasma ACTH levels alone had little discrimination value.  

Serum DHEA-S did not play an additional role to diagnose adrenal CS 

compared with plasma ACTH. Serum DHEA-S did not improve the ability to 

diagnose adrenal CS when added to plasma ACTH assays. As serum DHEA-S 

is controlled by plasma ACTH, it was expected to be lower in adrenal CS than 

CD. However, our serum DHEA-S levels demonstrated a wide range of 

overlap between adrenal CS and CD. The poor diagnostic value of serum 

DHEA-S may reflect the complex mechanisms of adrenal androgen secretion 

(13).  

In our study, only 35 of 92 patients (38%) had CD whereas 57 patients 
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(62%) had adrenal CS. It is unusual distribution of differential causes of the 

CS because CD is usually seen more commonly than adrenal CS (21). 

However, this finding is similar to a previously published study with Korean 

population (22). In this study, prevalence of adrenal CS was slightly higher 

than CD and ectopic CS was very rare. It is thought to be due to low detection 

rate of pituitary tumor and ectopic CS in Korea, although racial differences 

may be involved. This unusual aspect of our study population could affect the 

diagnostic performance of biochemical tests. It is conceivable that the high 

prevalence of adrenal causes could inflate the positive and negative predictive 

values of HDST.  

The present study had limitations. First, the biochemical data were 

retrospectively retrieved from patients’ medical records hence, the number of 

biochemical tests for each patient was not equivalent. However, in the final 

analysis using ROC curves, we included patients in whom plasma ACTH, 

DHEA-S, and HDST were performed. Second, plasma ACTH levels may 

deteriorate by handling error after blood collection. The blood samples should 

be collected in a pre-chilled EDTA-containing tubes, immediately separated at 

4℃, and stored at -80℃ till assay. Even with modern ACTH assays, ACTH 

levels may deteriorate quickly in whole blood unless cooled and quickly 

separated and the plasma quickly frozen until assayed. Therefore it is possible 

that apparent ACTH levels in the CD patients may have fallen after the blood 

samples had been taken even though the study was performed with the same 

protocol and assay methods at each institution. Third, pituitary tumor and 

adrenocortical tumor were found simultaneously in some patients as 
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mentioned above. These findings may be CD plus an adrenal incidentaloma or 

adrenal CS plus a pituitary incidentaloma. Last, the peripheral CRH 

stimulation test was not performed in our study because the CRH reagent was 

not available in Korea. It would be of interest to examine whether stimulated 

ACTH levels in response to CRH better discriminate between adrenal CS and 

CD. 

In conclusion, our study demonstrated that the plasma ACTH assay had 

limited value in the differential diagnosis of CS. The diagnostic accuracy of 

HDST was higher than plasma ACTH levels, whereas serum DHEA-S levels 

were less useful than plasma ACTH levels. HDST was particularly beneficial 

in identifying patients with adrenal CS when plasma ACTH levels were not 

suppressed below 10 pg/ml. We therefore recommend using HDST in the 

differential diagnosis of CS when plasma ACTH levels alone are 

indeterminate.   
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초초초초    록록록록    

서론서론서론서론: 혈장 ACTH (adrenocorticotropic hormone)은 ACTH-비의

존성 쿠싱증후군과 ACTH-의존성 쿠싱증후군을 감별하기 위해 우

선적으로 시행이 권고되는 검사이다. 혈장 ACTH값이 부정확한 경

우에는 고용량 덱사메타손 억제검사(high-dose dexamethasone 

suppression test)와 혈청 DHEA-S (dehydroepiandrosterone 

sulfate)검사가 쿠싱증후군의 감별진단에 이용될 수 있다. 본 연구

는 쿠싱증후군의 감별진단에서 혈청 ACTH검사의 유용성을 평가하

고 이를 고용량 덱사메타손 억제검사와 혈청 DHEA-S 검사의 유

용성과 비교하고자 한다.  

 

방법방법방법방법: 2000 년 1 월부터 2012 년 5 월까지 총 92 명의 내인성 

쿠싱증후군 환자를 대상으로 한 후향적 다기관 연구를 시행하였다. 

혈장 ACTH, 고용량 덱사메타손 억제 후 혈청 코티솔(cortisol)과 

24 시간 소변 코티솔(urine free cortisol) 반응 검사 및 혈청 

DHEA-S 를 측정하였다.  

 

결과결과결과결과: 57 명은 부신성 쿠싱증후군 환자였고, 35 명은 쿠싱병 

환자였다. 혈장 ACTH, 혈청 DHEA-S, 고용량 덱사메타손 억제 

후 혈청 코티솔과 24 시간 소변 코티솔 감소율에 대한 AUC (area 
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under the curve)는 각각 0.954, 0.841, 0.950, 0.997 이었다 

(모두 P <0.001). 혈장 ACTH 의 절단값은 24 pg/ml 이었고, 

고용량 덱사메타손 억제 후 혈청 코티솔과 24 시간 소변 코티솔 

감소율에 대한 절단값은 각각 33.3%, 61.6% 이었다. 혈장 

ACTH 검사의 민감도와 특이도는 84.2%, 94.3% 이었고, 고용량 

덱사메타손 억제 후 혈청 코티솔의 민감도와 특이도는 95.8%, 

90.6%, 그리고 고용량 덱사메타손 억제 후 24 시간 소변 코티솔 

감소율의 민감도와 특이도는 각각 97.9%, 96.7% 이었다. 

 

결론결론결론결론: 부신성 쿠싱증후군과 쿠싱병 환자들간의 혈장 ACTH 값은 

상당 부분 겹쳐 있다. 고용량 덱사메타손 억제검사는 혈장 

ACTH 검사만으로 감별진단이 애매할 경우, 쿠싱증후군의 

감별진단에서 유용하게 사용될 수 있겠다. 

 

* 본 내용은 European Journal of Endocrinology 학술지에 제출된 

내용임 

----------------------------------------------------------------------------------------------

----------------------------- 

주요어주요어주요어주요어: 부신성 쿠싱증후군, 쿠싱병, ACTH, HDST, DHEA-S  
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