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The Recovery of Hypothalamic-Pituitary-Adrenal Axis Is 
Rapid in Subclinical Cushing Syndrome
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Background: In subclinical Cushing syndrome (SC), it is assumed that glucocorticoid production is insufficient to cause a clinically 
recognizable syndrome. Differences in hormonal levels or recovery time of the hypothalamic-pituitary-adrenocortical (HPA) axis af-
ter adrenalectomy between patients with overt Cushing syndrome (OC) and SC remain unknown.
Methods: Thirty-six patients (10 with OC and 26 with SC) with adrenal Cushing syndrome who underwent adrenalectomy from 
2004 to 2014 were reviewed retrospectively. Patients were treated with glucocorticoid after adrenalectomy and were reevaluated ev-
ery 1 to 6 months using a rapid adrenocorticotropic hormone (ACTH) stimulation test.
Results: Levels of basal 24-hour urine free cortisol (UFC), serum cortisol after an overnight dexamethasone suppression test (DST), 
and serum cortisol and 24-hour UFC after low-dose DST and high-dose DST were all significantly lower in patients with SC com-
pared with OC. Basal ACTH levels showed significantly higher in patients with SC compared with OC. The probability of recover-
ing adrenal function during follow-up differed significantly between patients with OC and SC (P=0.001), with significant correla-
tions with the degree of preoperative cortisol excess. Patients with OC required a longer duration of glucocorticoid replacement to 
recover a normal ACTH stimulation test compared with patients with SC (median 17.0 months vs. 4.0 months, P<0.001).
Conclusion: The HPA axis recovery time after adrenalectomy in patients with SC is rapid and is dependent on the degree of cortisol 
excess. More precise definition of SC is necessary to achieve a better management of patients and to avoid the risk of under- or over-
treatment of SC patients.

Keywords: Subclinical Cushing syndrome; Overt Cushing syndrome; Adrenal incidentaloma; Hydrocortisone; Hypothalamic-pitu-
itary-adrenocortical axis recovery

INTRODUCTION

With the increasing use of ultrasonography and computed to-
mography, incidentally discovered adrenal tumors are common, 
with a prevalence of at least 3% among the general population 
over the age of 50 years [1]. Although most of these tumors are 
nonfunctioning adrenocortical adenomas [2], 5% to 30% of pa-

tients with adrenal incidentaloma show some degree of hyper-
cortisolism without typical signs or symptoms of overt Cushing 
syndrome (OC) [3,4]; this is called ‘subclinical Cushing syn-
drome (SC).’ Although SC and OC have been considered differ-
ent diseases with different genetic alterations [5], in SC, it is as-
sumed that cortisol production is insufficient to cause a clinical-
ly recognizable syndrome and to suppress the release of cortico-
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tropin releasing hormone and adrenocorticotropic hormone 
(ACTH). Temporary adrenal insufficiency lasting several 
months ensues from surgical resection of an autonomously 
functioning adrenal tumor in OC due to suppression of the hy-
pothalamic-pituitary-adrenocortical (HPA) axis, during which 
glucocorticoid replacement is mandatory. However, it is still un-
clear whether all adrenalectomized patients with SC also exhibit 
the HPA axis impairment observed in OC.

The aims of this study were to evaluate the different degrees 
of cortisol excess and the HPA axis recovery time after adrenal-
ectomy in patients with SC and OC. Moreover, we wanted to 
determine the relationship between the degree of cortisol excess 
and the HPA axis recovery time after surgery.

METHODS

Patients
Six hundred and seventy-four patients with incidentally detected 
adrenal masses underwent an overnight dexamethasone sup-
pression test (DST) and 24-hour urine collection for measure-
ment of free cortisol as a screening test from April 2004 to De-
cember 2014 at the Chonnam National University Hwasun 
Hospital. Patients who failed to suppress serum cortisol below 
1.8 μg/dL (50 nmol/L) after administration of 1 mg dexametha-
sone or excreted 24-hour urine free cortisol (UFC) greater than 
50 μg/day underwent a 4 mg low-dose DST (LDST) and 16 mg 
high-dose DST (HDST) for confirmative diagnosis [6]. Thirty-
eight patients without typical signs or symptoms of OC by three 
experienced endocrinologists were finally identified as having 
cortisol-producing tumors (SC). Among them, 12 patients did 
not opt for adrenalectomy. Finally, the findings in 26 patients 
with SC were compared with those of 10 patients with OC who 
underwent unilateral adrenalectomy at our hospital during the 
same period. OC was defined by the presence of one of clinical 
signs of cortisol excess such as easy bruising, moon face, dorso-
cervical or supraclavicular fat pads, central obesity with proxi-
mal muscle weakness or thin skin. The presence of diabetes and 
hypertension was defined as being on medication. The mean 
follow-up period was 23.5 months (range, 4 to 109).

Diagnostic criteria for adrenal insufficiency after 
adrenalectomy
The protocol for postoperative glucocorticoid replacement was 
50 mg hydrocortisone intravenously just before adrenalectomy 
and 50 mg intravenously every 8 hours on the day of surgery, 
followed by a gradual tapering according to the signs and symp-

toms of adrenal insufficiency. Morning cortisol was checked af-
ter discontinuation of hydrocortisone for at least 3 days, at the 
time of discharge and every month. In the patients with over the 
10 μg/dL of morning cortisol, recovery of adrenal function was 
analyzed using the sequential cosyntropin (ACTH, 250 μg) 
stimulation test, defined as a peak cortisol level of at least 18 
μg/dL (500 mmol/L) [7]. At discharge, patients usually received 
15 mg hydrocortisone per day, and this dose was tapered by 2.5 
to 5 mg/day every 4 weeks according to patients’ complaints 
and the results of the cosyntropin stimulation test. Hydrocorti-
sone replacement was discontinued when the test showed a nor-
mal response, which defined as the time to recovery from adre-
nal insufficiency. If the patients showed a normal response at 
discharge, it was determined that adrenal insufficiency did not 
occur.

Biochemical measurements
Serum cortisol was measured by radioimmunoassay using RI-
AZENco CORTISOL (R-JG-100, ZenTech, Liege, Belgium). 
The measurement of plasma ACTH was performed by immuno-
radiometric assay using ELSA-ACTH (Cisbio Bioassays Inter-
national, Codolet, France). Urine cortisol measurements were 
performed by radioimmunoassay using a gamma counter (Wiz-
ard 1470, Wallac Oy, Turku, Finland).

Ethics statement
This study was reviewed and approved by the Institutional Re-
view Board of the Chonnam National University Hwasun Hos-
pital, Hwasun, Korea (IRB No. CNUHH-2015-144). 

Statistical analysis
All statistical analyses were performed using SPSS version 21.0 
(IBM Co., Armonk, NY, USA). Differences in non-categorical 
and categorical factors between patients with SC and OC were 
compared using the Mann-Whitney U test and chi-square or 
Fisher exact  test, respectively. The correlation coefficient be-
tween the preoperative cortisol levels and the recovery time was 
calculated by Spearman correlation test. R2 was calculated by 
linear regression analysis. Kaplan-Meier analysis was per-
formed to elucidate the cumulative probability of recovery of 
adrenal function. If no recovery appeared until the last known 
patient contact at our center, the patient was considered cen-
sored. The Cox proportional-hazard model was used to analyze 
factors associated with adrenal function recovery. A value of 
P<0.05 was taken to indicate statistical significance.
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RESULTS

Clinical characteristics and differential degree of cortisol 
excess between patients with subclinical and overt Cushing 
syndrome
The mean age of the 36 patients was 53.6±10.8 years (range, 
21 to 75). Patients with SC were older than patients with OC 
(P=0.028). Gender, body mass index (BMI), concurrent diabe-
tes and hypertension, and tumor size did not differ significantly 
between patients with SC and OC. Biochemical parameters of 
cortisol excess were more severe in patients with OC, compared 
with SC. Plasma ACTH levels were significantly lower in pa-
tients with OC compared with SC (Table 1). 

HPA axis recovery associated with preoperative cortisol 
levels
Statistically significant positive correlations were observed be-
tween the recovery time and preoperative cortisol levels in all 
subjects (Table 2). However, the significance disappeared in 

Table 1. Baseline Characteristics of Patients with Subclinical and Overt Cushing Syndrome

Characteristic Overt (n=10) Subclinical (n=26) P value

Age, yr 47.3±12.3 (21–65) 56.0±9.3 (37–75) 0.028

Female sex 9 (90.0) 19 (73.1) 0.274

BMI, kg/m2 23.7±3.2 24.6±3.9 0.391

Hypertension 7 (70.0) 11 (42.3) 0.137

Diabetes mellitus 5 (50.0) 7 (26.9) 0.188

Tumor size, cm 2.7±0.7 2.4±0.9 0.348

Tumor location (right) 2 (20.0) 7 (26.9) 0.667

ACTH, pg/mL 11.7±6.0 24.3±16.1 0.023

Basal UFC, μg/day 520.1±432.0 71.9±33.1 0.010

Cortisol after ODST, μg/dL 18.1±6.0 7.8±5.9 0.001

UFC after LDST, μg/day 472.8±208.4 56.8±77.7 <0.001

Cortisol after LDST, μg/dL 22.2±6.2 8.7±6.1 <0.001

UFC after HDST, μg/day 487.8±284.2 74.1±113.5 0.001

Cortisol after HDST, μg/dL 21.1±5.8 10.2±9.0 0.001

DHEA-S, μg/dL 20.3±14.1 43.5±71.7 0.490

Postoperative ACTH at discharge, pg/mL 23.8±12.2 85.25±112.9 0.035

Postoperative cortisol at discharge, pg/mLa 2.9±1.8 10.9±8.3 <0.001

Recovery time, mo 17.0 (5–30) 4.0 (0–14) <0.001

Follow-up duration, mo 23.5 (10–109) 23.5 (4–50) 0.422

Values are expressed as mean±SD (range), number (%), or median (range).
BMI, body mass index; ACTH, adrenocorticotropic hormone; UFC, urine free cortisol; ODST, overnight dexamethasone suppression test; LDST, low-
dose dexamethasone suppression test; HDST, high-dose dexamethasone suppression test; DHEA-S, dehydroepiandrosterone sulfate.
aPeak cortisol level after cosyntropin stimulation test at discharge.

Table 2. Relationship between Recovery Time and Preoperative 
Cortisol Levels

Variable Median 
(range) ρa R2b

Recovery time, mo 5 (0–30) - -

Basal UFC, µg/day 74.0 (26–1,450.0) 0.485c 0.197c

P-cortisol after ODST, µg/dL 7.4 (2.1–24.1) 0.645d 0.465d

UFC after LDST, µg/day 48.3 (5.0–830.0) 0.729d 0.598d

P-cortisol after LDST, µg/dL 11.1 (2.7–29.7) 0.688d 0.472d

UFC after HDST, µg/day 57.0 (9.0–963.0) 0.697d 0.495d

P-cortisol after HDST, µg/dL 10.3 (2.2–39.1) 0.606d 0.303c

UFC, urine free cortisol; P-cortisol, plasma cortisol; ODST, overnight 
dexamethasone suppression test (1 mg); LDST, low-dose dexametha-
sone suppression test (4 mg); HDST, high-dose dexamethasone sup-
pression test (16 mg).
aρ (Spearman’s rho) represents the correlation coefficient between recov-
ery time and the clinical parameters of cortisol excretion; bR2 was calcu-
lated by linear regression analysis; cP<0.05; dP<0.001.
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subgroup analyses of each patient group with OC or SC.

Differential recovery time between patients with 
subclinical and overt Cushing syndrome 
The recovery time was shorter in patients with SC than those 
with OC (4.0 months vs. 17.0 months, P<0.001) (Fig. 1). None 
of these patients required steroid replacement after the discon-
tinuation of glucocorticoids. The probability of adrenal function 
recovery was associated with the clinical phenotype with a haz-
ard ratio of 24.3 (95% confidence interval, 3.04 to 194.29; 
P=0.003) in patients with SC compared with OC, independent-
ly of age, sex, BMI, presentation with diabetes or hypertension, 
basal 24-hour UFC, and ACTH levels, by the Cox proportional-
hazards model. Adrenal insufficiency did not occur in 26.9% of 
patients with SC (seven of 26), whereas all OC patients required 
postoperative glucocorticoid replacement. The function of the 
contralateral adrenal gland recovered completely in all SC pa-
tients and in eight patients with OC. In two of 10 OC patients, 
the plasma cortisol response to ACTH stimulation was still 
blunted at the last follow-up (13 and 22 months). The median 
recovery time was 5 months (range, 0 to 30), and the cumulative 
probability of recovery of adrenal function at 6 months and 1 
year were 52.82% and 77.8% in all patients with Cushing syn-
drome. 

DISCUSSION

According to our results, patients with SC showed a lower de-

gree of cortisol excess than did those with OC. The recovery 
time was shorter in patients with SC than that of OC. The de-
gree of cortisol excess was accompanied by a difference in the 
recovery time of the HPA axis after surgery in all subjects.

SC is a status of cortisol excess defined by dynamic hormonal 
tests in patients with adrenal incidentalomas who have no overt 
symptoms of Cushing syndrome [8,9]. SC was initially defined 
as preclinical Cushing syndrome [10]; however, it has been con-
sidered a different disease category than OC. Different molecu-
lar pathogenetic mechanisms have been reported in SC com-
pared with OC [5], and about two-third of SC remain subclini-
cal during long-term clinical follow-up of SC [11]. Comparison 
of cortisol levels showed clear differences in clinical character-
istics: patients with OC had more severe biochemical activity 
parameters than did those with SC [5]. These findings are simi-
lar to those of our study.

To date, the definition of SC is still controversial, and there is 
no gold standard diagnostic test because of the low reliability of 
the available hormonal assays (24-hour UFC, ACTH levels, and 
DST) [12]. DST is the most important diagnostic method to 
evaluate cortisol excess, but there has been no consensus on the 
cut-off level to use for diagnosis of SC. We used a low cut-off 
value (1.8 μg/dL) for excellent sensitivity of the test, despite the 
decline in specificity, and 2-day LDSTs (2 mg) and HDSTs (16 
mg) were performed as confirmative tests, also with a low cut-
off value (1.8 μg/dL) [12].

Untreated Cushing syndrome has an increased mortality rate 
due to cardiovascular, thromboembolic, and infectious compli-
cations [13,14]. Although patients with SC show subtle cortisol 
excess, they usually exhibit one or more symptoms from corti-
sol excess, including hypertension, diabetes, dyslipidemia, and 
osteoporosis [15-17]. In our results, there were no differences in 
the frequencies of hypertension, diabetes, and obesity between 
patients with SC and OC. Although the most appropriate treat-
ment for SC remains controversial, surgical resection of adrenal 
tumors has shown beneficial effects on cardiovascular risk fac-
tors in most studies, with low surgical morbidity rates [18,19].

Cortisol oversecretion from autonomously hyperfunctioning 
adenomas of the adrenal gland leads to suppression of the HPA 
axis, resulting in hypofunctioning of the contralateral adrenal 
gland. The recovery of the HPA axis may be delayed; therefore, 
the patient often requires glucocorticoid replacement therapy 
for several months to a year and sometimes even longer after 
adrenalectomy. However, adrenal insufficiency did not occur in 
27% of the patients with SC, whereas all OC patients showed 
adrenal insufficiency in our study. HPA axis recovery time was 

1.0

0.8

0.6

0.4

0.2

0

Cu
rn

ul
at

iv
e p

ro
ba

bi
lit

y 
of

 re
co

ve
ry

 (%
)

Duration of adrenal insufficiency (mo)

Overt Cushing syndrome
Subclinical Cushing syndrome
Overt Cushing syndrome-censored

P<0.001

 0 5 10 15 20 25 30

Fig. 1. Cumulative probability of adrenal function recovery in pa-
tients with overt and subclinical Cushing syndrome.
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shorter in patients with SC than those with OC (4.0 months vs. 
17.0 months, P<0.001), and it correlated well with preoperative 
cortisol levels. Few studies have compared the recovery time 
between patients with OC and SC. Di Dalmazi et al. [20] re-
ported that only 65% of SC patients had postsurgical adrenal in-
sufficiency, compared with 99.7% of OC patients. They also re-
ported that the mean recovery time was 6.5 months (range, 1 to 
50) in SC patients and 11.2 months (range, 1 to 60) in those 
with OC, and they observed a tight relationship between the de-
gree of hypercortisolism and the time to recovery, similar to our 
data. Some studies reported that old age at surgery is a critical 
factor influencing recovery time in patients with adrenal CS 
[21,22], but the clinical features were only explained as a factor 
influencing recovery time in patients with adrenal CS indepen-
dently of age in our study by multivariate analysis. These results 
support that SC patients have a lower degree of cortisol excess 
that is not sufficient to fully suppress the HPA axis. However, 
Berr et al. [22] reported that ectopic CS, which had the highest 
cortisol excess, showed the shortest recovery time, compared 
with CS due to adrenal or pituitary etiologies. In general, ecto-
pic CS shows rapid progression of the disease compared with 
adrenal CS; therefore, the recovery time might be influenced 
not only by the degree of cortisol excess but also by the period 
of exposure to cortisol excess. This is explained by findings of 
adrenal insufficiency after exposure to exogenous steroids. Ad-
renal insufficiency is frequently seen in patients treated with 
long-term glucocorticoids and is related to the duration and the 
cumulative dose of steroids [23]. 

There were several limitations in this study. First, the clinical 
features defining OC may vary among patients treated by differ-
ent physicians. The clinical symptoms and signs of CS overlap 
those of many other common diseases, but CS displays more 
specific signs, such as muscle weakness, ecchymoses, and cen-
tral obesity. In our study, three experienced endocrinologists 
confirmed whether the patient had OC or SC. Seconds, the cor-
relation between the recovery time and preoperative cortisol 
levels showed statistically significant in all subjects, but the sig-
nificance disappeared in the subgroup analyses of each patient 
with OC or SC. This finding is limited by the small sample size. 
Last, the dosage of steroid replacement and the time to evaluate 
the patient using a postoperative cortisol stimulation test (rapid 
ACTH stimulation test) were not controlled, because this study 
was retrospective. The intervals between tests were variable, 
ranging from 1 to 6 months, but this should not have been a sig-
nificant issue, since we decided the timing of the test while de-
creasing the steroid dosages, levels of morning cortisol and 

watching the signs and symptoms of patients during follow-up 
at 1-month intervals. 

In conclusion, the degree of cortisol excess differs between 
the two disease categories, and the time to adrenal function re-
covery was associated with the degree of cortisol excess. Some 
of the patients with SC showed no suppression of the HPA axis, 
and the majority of patients with SC recovered rapidly from 
HPA suppression within several months. More precise defini-
tion of SC is necessary to achieve a better management of pa-
tients and to avoid the risk of under- or over-treatment of SC pa-
tients.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS

This work was supported by a grant (HCRI 14007-1) from 
Chonnam National University Hwasun Hospital Institute for 
Biomedical Science.

ORCID

Hee Kyung Kim  http://orcid.org/0000-0002-1617-3171
Jee Hee Yoon  http://orcid.org/0000-0002-5919-6162
Yun Ah Jeong  http://orcid.org/0000-0002-3417-707X
Ho-Cheol Kang  http://orcid.org/0000-0002-0448-1345

REFERENCES

1.  Mansmann G, Lau J, Balk E, Rothberg M, Miyachi Y, Born-
stein SR. The clinically inapparent adrenal mass: update in 
diagnosis and management. Endocr Rev 2004;25:309-40. 

2.  Terzolo M, Stigliano A, Chiodini I, Loli P, Furlani L, Arnal-
di G, et al. AME position statement on adrenal incidentalo-
ma. Eur J Endocrinol 2011;164:851-70.

3.  Chiodini I. Clinical review: diagnosis and treatment of sub-
clinical hypercortisolism. J Clin Endocrinol Metab 2011;96: 
1223-36.

4.  Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Ali 
A, et al. A survey on adrenal incidentaloma in Italy. Study 
Group on Adrenal Tumors of the Italian Society of Endocri-
nology. J Clin Endocrinol Metab 2000;85:637-44. 

5.  Beuschlein F, Fassnacht M, Assie G, Calebiro D, Stratakis 



Recovery of HPA Axis in Subclinical Cushing

Copyright © 2016 Korean Endocrine Society www.e-enm.org 597

CA, Osswald A, et al. Constitutive activation of PKA catalyt-
ic subunit in adrenal Cushing’s syndrome. N Engl J Med 
2014;370:1019-28.

6.  Nieman LK, Biller BM, Findling JW, Newell-Price J, Sav-
age MO, Stewart PM, et al. The diagnosis of Cushing’s syn-
drome: an Endocrine Society Clinical Practice Guideline. J 
Clin Endocrinol Metab 2008;93:1526-40.

7.  Ospina NS, Al Nofal A, Bancos I, Javed A, Benkhadra K, 
Kapoor E, et al. ACTH stimulation tests for the diagnosis of 
adrenal insufficiency: systematic review and meta-analysis. 
J Clin Endocrinol Metab 2016;101:427-34.

8.  Terzolo M, Bovio S, Reimondo G, Pia A, Osella G, Borretta 
G, et al. Subclinical Cushing’s syndrome in adrenal inciden-
talomas. Endocrinol Metab Clin North Am 2005;34:423-39.

9.  Reincke M. Subclinical Cushing’s syndrome. Endocrinol 
Metab Clin North Am 2000;29:43-56. 

10.  Beierwaltes WH, Sturman MF, Ryo U, Ice RD. Imaging 
functional nodules of the adrenal glands with 131-I-19-iodo-
cholesterol. J Nucl Med 1974;15:246-51. 

11.  Barzon L, Sonino N, Fallo F, Palu G, Boscaro M. Preva-
lence and natural history of adrenal incidentalomas. Eur J 
Endocrinol 2003;149:273-85.

12.  Arnaldi G, Angeli A, Atkinson AB, Bertagna X, Cavagnini F, 
Chrousos GP, et al. Diagnosis and complications of Cush-
ing’s syndrome: a consensus statement. J Clin Endocrinol 
Metab 2003;88:5593-602. 

13.  Clayton RN, Raskauskiene D, Reulen RC, Jones PW. Mor-
tality and morbidity in Cushing’s disease over 50 years in 
Stoke-on-Trent, UK: audit and meta-analysis of literature. J 
Clin Endocrinol Metab 2011;96:632-42.

14.  Debono M, Bradburn M, Bull M, Harrison B, Ross RJ, 
Newell-Price J. Cortisol as a marker for increased mortality 
in patients with incidental adrenocortical adenomas. J Clin 
Endocrinol Metab 2014;99:4462-70. 

15.  Chiodini I, Morelli V, Masserini B, Salcuni AS, Eller-
Vainicher C, Viti R, et al. Bone mineral density, prevalence 
of vertebral fractures, and bone quality in patients with adre-

nal incidentalomas with and without subclinical hypercorti-
solism: an Italian multicenter study. J Clin Endocrinol 
Metab 2009;94:3207-14.

16.  Morelli V, Reimondo G, Giordano R, Della Casa S, Policola 
C, Palmieri S, et al. Long-term follow-up in adrenal inciden-
talomas: an Italian multicenter study. J Clin Endocrinol 
Metab 2014;99:827-34.

17.  Tauchmanova L, Rossi R, Biondi B, Pulcrano M, Nuzzo V, 
Palmieri EA, et al. Patients with subclinical Cushing’s syn-
drome due to adrenal adenoma have increased cardiovascu-
lar risk. J Clin Endocrinol Metab 2002;87:4872-8.

18.  Iacobone M, Citton M, Scarpa M, Viel G, Boscaro M, Nitti 
D. Systematic review of surgical treatment of subclinical 
Cushing’s syndrome. Br J Surg 2015;102:318-30.

19.  Toniato A, Merante-Boschin I, Opocher G, Pelizzo MR, 
Schiavi F, Ballotta E. Surgical versus conservative manage-
ment for subclinical Cushing syndrome in adrenal inciden-
talomas: a prospective randomized study. Ann Surg 2009; 
249:388-91.

20.  Di Dalmazi G, Berr CM, Fassnacht M, Beuschlein F, Re-
incke M. Adrenal function after adrenalectomy for subclini-
cal hypercortisolism and Cushing’s syndrome: a systematic 
review of the literature. J Clin Endocrinol Metab 2014;99: 
2637-45.

21.  Flitsch J, Ludecke DK, Knappe UJ, Saeger W. Correlates of 
long-term hypocortisolism after transsphenoidal microsur-
gery for Cushing’s disease. Exp Clin Endocrinol Diabetes 
1999;107:183-9.

22.  Berr CM, Di Dalmazi G, Osswald A, Ritzel K, Bidlingmaier 
M, Geyer LL, et al. Time to recovery of adrenal function af-
ter curative surgery for Cushing’s syndrome depends on eti-
ology. J Clin Endocrinol Metab 2015;100:1300-8.

23.  Sacre K, Dehoux M, Chauveheid MP, Chauchard M, Lidove 
O, Roussel R, et al. Pituitary-adrenal function after pro-
longed glucocorticoid therapy for systemic inflammatory 
disorders: an observational study. J Clin Endocrinol Metab 
2013;98:3199-205.


