
ORIGINAL ARTICLE

Aberrant cortisol responses to physiological stimuli in patients
presenting with bilateral adrenal incidentalomas

Dimitra Argyro Vassiliadi • Georgia Ntali •

Theodora Stratigou • Mersilena Adali •

Stylianos Tsagarakis

Received: 7 March 2011 / Accepted: 10 May 2011 / Published online: 20 May 2011

� Springer Science+Business Media, LLC 2011

Abstract Aberrant receptors have been implicated in the

pathogenesis of several types of adrenal tumours. So far the

presence of aberrant receptors has been investigated in

patients with massively enlarged adrenals due to ACTH-

independent macronodular adrenal hyperplasia (AIMAH)

and unilateral adrenal adenomas associated with overt or

subclinical Cushing’s syndrome. The likelihood of aberrant

responses in patients presenting with bilateral adrenal

incidentalomas (BI) presenting as discrete solitary bilateral

adenomas has not been thoroughly addressed. This is an

observational cross-sectional prospective study conducted

in a secondary/tertiary care centre. We studied 33 patients;

28 with incidentally discovered bilateral discrete adrenal

adenomas and five with massive bilateral adrenal macr-

onodular hyperplasia. We probed responses to physiologi-

cal stimuli, namely upright posture and meal; in a subgroup

of menopausal women the presence of aberrant gonado-

tropin receptors was assessed by the LHRH test. Abnormal

responses obtained in tests performed with no dexameth-

asone suppression were always repeated and confirmed

under dexamethasone suppression. Aberrant cortisol

responses were confirmed in 10 patients; 9 to posture, 1 to

meal (along with a positive response to posture) and 1 to

LHRH tests. Patients who responded to any test compared

to those who tested negative had larger adenomas, higher

post-LDDST and midnight cortisol and a trend for lower

ACTH levels. Patients without subclinical hypercortisolism

(SH) did not respond to any test while 50% of patients with

SH had an aberrant response (P = 0.002). A greater

prevalence of aberrant responses was noted in patients with

bilateral macronodular hyperplasia compared to those with

solitary bilateral adenomas (80 vs. 21.4%, P = 0.02).

Aberrant cortisol responses, primarily to posture testing,

are present in a substantial proportion of patients with

bilateral adrenal incidentalomas. Such cortisol responses

are observed only in patients with subclinical hypercorti-

solism and especially in those patients with larger adrenal

lesions.
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Introduction

Adrenal incidentaloma is a common clinical problem,

encountered in 0.4–4.4% of subjects undergoing imaging

with CT for reasons unrelated to adrenal pathology [1]. A

significant proportion (8–17%) of such patients present

with bilateral incidentalomas (BI). The majority of BI

appears with an adenoma imaging phenotype in the form of

discrete solitary lesions, located in each adrenal [2, 3]. Less

commonly, bilateral lesions occur in the form of bilateral

diffuse or multinodular adrenal enlargement [4]. Recently,

the role of aberrant expression of various ectopic or eutopic

membrane-bound G-protein coupled receptors (GPCRs)

has emerged as a compelling candidate in the pathogenesis

of adrenal tumours. These illicit receptors were originally
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implicated in the pathogenesis of ACTH-independent

macronodular adrenal hyperplasia (AIMAH) associated

with clinically overt Cushing’s syndrome. Subsequently,

aberrant receptor expression has been implicated in an

increasing number of different entities including unilateral

cortisol-producing adenomas associated both with overt or

subclinical Cushing’s syndrome [5–8], unilateral aldoste-

ronomas and even pure androgen-producing adenomas [9].

Aberrant cortisol responses were also found in a substantial

proportion of patients with incidentally detected bilateral

lesions associated with subclinical hypercortisolism (SH)

[10–12]. In these studies, the majority of bilateral adrenal

lesions demonstrated an AIMAH radiological phenotype

illustrated by massively enlarged adrenals with multiple

macronodules [13]. In clinical practice many incidentally

presented bilateral adrenal lesions appear with less striking

radiological features in the form of distinct bilateral soli-

tary adrenal lesions [14]. It is currently uncertain whether

this latter imaging phenotype consists of discrete solitary

bilateral adenomas or represents an early or mild form of

bilateral nodular adrenal hyperplasia. However, with the

exception of a recent study by Libe et al. [12] the likeli-

hood of aberrant hormone receptor expression in patients

presenting with such lesions has not been thoroughly

addressed.

A diversity of receptors, both ectopic, such as those for

glucose-dependent insulinotropic peptide (GIP), catechol-

amine, vasopressin (V2-V3-vasopressin receptor), seroto-

nin (5-HT7 receptor) and angiotensin II (AT1 receptor),

and eutopic, such as those for vasopressin (V1-vasopressin

receptor), luteinizing hormone/human/chorionic gonado-

tropin (LH/hCG-R), serotonin (5-HT4 receptor) and leptin,

have been reported to be involved in the control of cortisol

secretion [5, 10, 11, 15]. Most in vivo investigation pro-

tocols have used both the physiological and pharmaco-

logical stimuli to assess for the presence of such aberrant

receptors. As a result, an extensive list of pharmacological

tests has been introduced rendering investigations of

aberrant cortisol responses an extremely cumbersome and

expensive process. Such pharmacological stimuli are cer-

tainly important for an in depth understanding of aberrant

receptor physiology; however, the clinical significance of a

cortisol rise after the bolus administration of a pharmaco-

logical agent, not necessarily reflecting physiological

fluctuations in endogenous levels, remains questionable.

In vivo tests with physiological stimuli such as the meal

and the supine-to-upright posture tests, evaluate the pres-

ence of diverse receptors involved in aberrant cortisol

responses, namely GIP, catecholamine, vasopressin and

angiotensin II receptors. Moreover, everyday stimulation of

the adrenals by the physiological stimuli of food intake or

assumption of upright position has unquestionable patho-

genic and clinical implications. Therefore, we aimed to

investigate the prevalence of abnormal responses to these

physiological stimuli in a cohort of patients presenting

primarily with incidentally detected bilateral solitary

adrenal lesions demonstrating an adenoma imaging phe-

notype. Since in menopausal women aberrant LH expres-

sion may lead to adrenal enlargement and hormonal

hypersecretion in a subgroup of menopausal women an

LHRH test was performed.

Materials and methods

Subjects

The study population consisted of 33 patients (7 men, 26

women, mean age 60 ± 11 years, age range: 40–78, mean

BMI: 29.8 ± 5.7 kg/m2, range: 19.5–44.0). The adrenal

tumours/hyperplasias were discovered on CT scan of the

abdomen performed for reasons unrelated to adrenal dis-

ease. None of the patients exhibited clinical features of

overt Cushing’s syndrome. Inclusion criteria were tumors

with features highly suggestive of benign adrenocortical

adenomas (homogeneous, smoothly marginated, with no

change in size on repeat scanning), normal 24-h VMA,

normetanephrine and metanephrine excretion, potassium,

aldosterone and plasma renin activity levels within the

normal range, and a normal aldosterone/renin ratio. Con-

genital adrenal hyperplasia was excluded by normal levels

of 17OH-progesterone. Patients with known malignancies

undergoing staging procedures and patients with interven-

ing acute illness were excluded from the study. Most

medications were discontinued 10 days prior to admission.

Antihypertensive medications, in particular AT-1 inhibi-

tors, angiotensin converting enzyme inhibitors and

b-blockers were discontinued 2–4 weeks prior to admis-

sion; when hypertension was uncontrolled, we adminis-

tered nifedipine, a calcium channel blocker, for this period.

None of our patients was on medications that increase

dexamethasone clearance [16].

Imaging

Slice thickness of the presenting CT scan in the vast

majority of cases was 5 mm. On repeat CT scanning

thinner slices (2.5 mm) were obtained. A Hounsfield Units

cut-off of below 10 was used as indicating a benign

imaging phenotype. In those patients with higher values

MRI scan was obtained and only patients with signal

intensity decrease of 20% or greater on the out-of-phase

images were included in the study.

Radiological diagnosis of AIMAH was made in five

patients when both adrenals were massively enlarged with
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multiple macronodules, distorting and completely obscuring

the normal gland [13, 15, 17]. Histological examination

confirmed the radiological diagnosis of AIMAH in all five

patients. Adenomas were defined as well circumcised

homogeneous ovoid masses measuring more than 1 cm with

low density and without calcification or necrosis. The range

of the bigger adrenal adenomas’ largest diameter was

2.0–5.8 cm (mean: 3.8 ± 0.9 cm). The sum of the largest

diameters of adenomas on each side (combined size) was

used as a surrogate for the bulk of the adrenal masses (range

3.5–9.5 cm). Twenty-eight patients presented with solitary

adenomas in both adrenals and constituted the majority of

patients investigated in this study. Of this latter group only

six patients were operated. Surgery was offered to patients

with clear and reproducible evidence of subclinical hyper-

cortisolism. The presence of a [4 cm lesion was also

another indication for surgery. The final decision was based

on patients’ preference. As a rule, unilateral removal of the

largest lesion was performed. Histology was compatible

with solitary adrenocortical adenoma in four and with nod-

ular hyperplasia in the remaining two patients.

Study protocol

This is an observational cross-sectional prospective study

that was conducted between 2005 and 2009. All patients

gave informed consent. All investigations were performed

in an inpatient basis. BMI was calculated as [body

weight (kg)/height (m2)]. Assessment of cortisol secretion

involved: baseline morning serum cortisol, ACTH and

dehydroepiandrosterone sulphate (DHEA-S) levels, and

midnight cortisol. Subjects also provided at least one

complete 24-h urine collection for the measurement of 24-h

urinary free cortisol (UFC). In patients where two UFC

collections were obtained the highest value is reported in

the results of the present study. Trained personnel in an

inpatient setting supervised UFC collections. All patients

underwent a standard 2-day low-dose dexamethasone

suppression test (LDDST-0.5 mg every 6 h for 2 days).

Compliance of the patients was established by the super-

vised administration of each tablet by trained nurses. Post-

dexamethasone serum cortisol was measured at 0800, 6 h

after the last dose of dexamethasone. The diagnosis of

subclinical hypercortisolism (SH) was made on the basis of

post-dexamethasone cortisol levels [2.5 lg/dl [18] and at

least one of the following criteria: (a) ACTH levels

\10 pg/ml [19], (b) high UFC [ 120 lg/24 h, corre-

sponding to the upper normal limit of our method and

(c) midnight serum cortisol[9 lg/dl; we chose this cut-off

as it corresponds to the 97th upper percentile of normal

subjects studied in our hospital under similar conditions

(unpublished data).

Screening protocol for aberrant receptors

Initial screening included a supine-to-upright posture test

to screen for receptors to angiotensin II, vasopressin, cat-

echolamines or atrial natriuretic peptides and a standard

mixed meal test to assess the presence of GIP or other

gastrointestinal hormone receptors, as has been described

previously [11, 20]. All tests were performed following an

overnight fast and in a supine position for at least 1 h.

Serial measurements of ACTH and cortisol were obtained

at 30 min intervals over the course of 2 h following the

intervention. ACTH was monitored to ensure that the

ligand-mediated cortisol stimulation is ACTH-indepen-

dent. The cortisol response was calculated using the

formula DF = [(peak cortisol - basal cortisol)/(basal

cortisol)] 9 100%. A change of less than 25% of plasma

cortisol was defined as no response; a 25–49% change, as a

partial response; and a change of 50% or greater, as a

positive response [11]. In patients with positive or partial

responses the test was repeated on day 3 after the LDDST

[8], in order to eliminate the possible confounding effect of

ACTH variations on plasma cortisol. In view of a sub-

stantial proportion of false positive responses in patients

tested without prior dexamethasone suppression an interim

modification of the protocol was performed and the most

recent patients were tested only following prior dexa-

methasone administration. Thus, 8 meal and 8 posture tests

were performed only under dexamethasone suppression. In

these patients partial or positive responses with peak cor-

tisol levels \3 lg/dl were characterised as equivocal.

Since in menopausal women aberrant LH expression

may lead to adrenal enlargement and hormonal hyperse-

cretion in a subgroup of menopausal women an LHRH test

was performed. Eight postmenopausal women (mean age

57 ± 10; range: 46–76 years) underwent additional testing

for the presence of LH receptors (bolus i.v. administration

of 100 lg GnRH, with measurements of ACTH and cor-

tisol at 30 min intervals over the course of the following

2 h). Five of the eight tests were performed only under

dexamethasone suppression.

Hormone assays

Serum cortisol (F), ACTH, insulin and DHEA-S were

assayed using an automated Elecsys/Cobas electrochemi-

luminescence immunoassay (ECLIA) (Roche Diagnostics,

Indianapolis, IN). UFC was measured after dichlorometh-

ane extraction by the same method. The reported lower

limits of detection of the assays used are 0.018 lg/dl for

cortisol, 0.1 lg/dl for DHEA-S, 0.2 lU/ml for insulin and

1 pg/ml for ACTH. The intra-assay coefficient of variation

(CV) for cortisol was 1.6% for 7.5 lg/dl, 1.5% for 20.3 lg/dl

and 1.6% for 46 lg/dl, respectively. The intra-assay CV for
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ACTH was 5.4, 2.4 and 2.6% for 4.9, 74.2 and 1390 pg/ml,

respectively. For insulin, the intra-assay CV was 2.6, 2.8 and

2.5% for 6.4, 20.9 and 747 lU/ml, respectively. The intra-

assay CV for DHEA-S was 3.6, 4.7 and 2.4% for 117, 395

and 984 lg/dl, respectively.

Statistical analysis

Statistical package SPSS 15.0 was used for data analysis.

Data are expressed as mean ± SD, unless otherwise stated.

To compare between two groups of independent samples,

T-test or Mann–Whitney tests were applied where appro-

priate. Chi-square or Fischer Exact tests were used to

compare the proportions of observations between two

groups. Differences were considered statistically signifi-

cant at P \ 0.05. Logistic regression multivariate analysis

using the backward method was applied to test which of the

parameters amongst: combined size, midnight cortisol,

ACTH, cortisol post-LDDST and UFC levels, significantly

predicted a positive or borderline response. ROC analysis

was subsequently applied to identify the best cut-off for the

significant parameters.

Results

Cortisol responses to physiological stimuli in patients

with bilateral adrenal incidentalomas

The cortisol responses to posture and meal tests for each

individual patient are shown in Table 1. ACTH levels

remained suppressed (\5 pg/ml) when the tests were per-

formed under dexamethasone suppression (data not shown).

Posture test (n = 26)

Eighteen patients were initially submitted to a posture test

without prior dexamethasone suppression; four patients

demonstrated a significant ([50%) rise of their cortisol

levels, four patients had a partial response and 10 patients

did not respond. In the eight patients who had positive or

partial responses the test was repeated after the LDDST: in

two patients the test was negative; a positive response was

confirmed in one patient, who initially had a partial

response; four patients had a partial response; in one

patient a 50% rise in cortisol levels was noted but this

response was taken as equivocal (cortisol increased from

1.4 to 2.1 lg/dl). Amongst the eight additional patients

who underwent a posture test only after LDDST, two

patients showed positive, and two partial responses. Thus, a

total of three patients (11.5%) and six (23.1%) patients

were proved to have positive and partial responses,

respectively.

Meal test (n = 29)

Twenty-one patients were submitted to a meal test without

prior dexamethasone suppression. A positive response was

noted in three patients and a partial response in one addi-

tional subject. When the test was repeated after the LDDST

they all tested negative. Amongst the eight additional

patients who underwent a meal test only during LDDST

one had a positive, and one an equivocal response (cortisol

increased from 0.9 to 1.3 lg/dl). Thus, overall only one

patient (3.4%) was proved to have a positive response. Of

note this subject also had a partial response to the posture

test.

LHRH test (n = 8)

One of the three patients tested positive at initial screening

(54% increase in cortisol levels) and this response was

confirmed when the test was repeated under dexametha-

sone suppression (360% increase in cortisol levels and,

subsequently, a positive HCG and synthetic LH response

was also demonstrated). None of the five additional

patients who were tested under dexamethasone suppression

showed significant responses.

Comparison of responses in patients with AIMAH

versus patients with discrete bilateral adenomas

Amongst the five patients with bilateral macronodular

hyperplasia four showed a significant aberrant response;

three responded to posture test (one positive and two partial

responses) and one additional patient responded to LHRH

test. Likewise 6 of the 28 patients with discrete bilateral

adenomas displayed significant responses. Thus, a greater

prevalence of responses was noted in patients with bilateral

macronodular hyperplasia compared to those with discrete

bilateral adenomas (80 vs. 21.4%, P = 0.02).

Endocrine profile of patients with abnormal responses

Hormonal characteristics of the patients are shown in

Table 2. Amongst the 20 patients with SH that were

submitted to posture, meal and/or LHRH tests 10 patients

had a response (50%); five patients (25%) a positive, and

five (25%) a partial response, whereas none of the

patients without SH responded to any test (P = 0.002).

As far as individual HPA axis abnormalities are con-

cerned, patients with abnormal responses compared to

those who tested negative had higher cortisol levels post-

LDDST, midnight cortisol levels and a trend for lower

ACTH levels. No difference in UFC and DHEA-S levels

was noted. Patients with positive or partial responses had

larger adrenal adenomas (Table 3). Logistic regression
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multivariate backward analysis showed that amongst the

aforementioned parameters (combined size, midnight

cortisol, ACTH, cortisol post-LDDST and UFC levels)

those that best predict a positive or partial response were

the combined size (odds ratio: 5.3, 95% CI 1.5–18.3,

P = 0.008) and the cortisol levels post-LDDST (odds

ratio: 1.5, 95% CI 1.0–2.1, P = 0.033). A cortisol post-

LDDST level of more than 5 lg/dl had an odds ratio of

25.5 (95% CI 2.7–245.8, P = 0.005), whereas a combined

size of more than 6.6 cm had an odds ratio of 40.5 (95%

CI 4.0–417.4, P = 0.002) for a positive or partial

response.

Table 1 Responses to posture and meal tests for each individual patient

Patient SH Response to either test Upright posture test Mixed meal test

DF Post-LDDST Final response DF Post-LDDST Final response

Baseline/peak F DF Baseline/peak F DF

AIMAH

1 YES Pa 40 8.8/11.5 31 Pa 13 N

2 YES N 35 4.6/5.3 15 N 52 5.7/6.8 19 N

3a YES Nb 9 N 3 N

4 YES Pa 9.0/12.0 33 Pa 10.0/9.0 -10 N

5a YES P 4.2/7.2 71 P 31 5.1/5.9 16 N

Discrete bilateral adenomas

6 YES Pa 107 6.4/9.1 42 Pa 11 N

7a YES Pa 82 7.3/9.2 26 Pa 6 N

8 YES Pa 49 12.2/15.6 28 Pa n/d

9 YES P 26 5.6/9.0 60 P 5 9.8/11.3 15 N

10 YES N 21 N 6 N

11 YES N -2 N -12 N

12 YES N -3 N 95 6.0/7.0 17 N

13 YES N n/d 19 N

14 YES N n/d 0 N

15 YES N n/d 21 N

16 YES N n/d 9 N

17 YES N n/d 8 N

18 YES P 3.1/5.8 87 P 4.0/4.8 20 N

19a YES P 3.5/4.6 28 Pa 4.5/7.8 73 P

20a YES N 2.6/3.0 15 N 2.8/3.4 19 N

21 NO N 109 1.5/1.7 13 N 8 N

22 NO N 12 N 14 N

23 NO N 8 N n/d

24 NO N 6 N n/d

25 NO N 4 N 22 N

26 NO N -20 N n/d

27 NO N -44 N n/d

28a NO EQ 74 1.4/2.1 50 EQ 363 1.4/1.6 14 N

29 NO N n/d -1 N

30a NO N 0.7/0.8 14 N 0.8/0.9 13 N

31 NO N 1.3/1.4 8 N 1.4/1.7 21 N

32a NO EQ 1.1/1.3 18 N 0.9/1.3 44 EQ

33 NO N n/d 1.2/1.3 8 N

a Patients submitted to LHRH test, b Patient tested positive at LHRH test

AIMAH ACTH-independent macronodular adrenal hyperplasia, SH subclinical hypercortisolism, F cortisol, P positive response, Pa partial

response, N negative response, EQ equivalent response, LDDST low-dose dexamethasone suppression test, n/d not done, peak F peak cortisol

levels during test
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Discussion

The present study aimed to identify the presence of

abnormal cortisol responses to physiological stimuli in a

cohort of patients with incidentally discovered bilateral

discrete solitary adrenal adenomas. So far, detection of

aberrant membrane receptors has not been systemically

investigated in adrenocortical lesions of this type. The

main finding of our study is that a substantial proportion of

patients with incidentally discovered bilateral solitary

adrenal adenomas exhibit aberrant responses to physio-

logical stimuli, mainly to upright posture test. Interestingly,

these aberrant responses were exclusively observed in

patients with biochemical evidence of subtle glucocorticoid

excess, while in patients who did not meet the diagnostic

criteria for SH no aberrant responses were observed.

In our cohort, positive or partial responses to physio-

logical stimuli, indicating the presence of illicit receptors,

were seen in 24.1% of the patients with bilateral solitary

adenomas. When patients with bilateral adenomas and SH

are considered, the percentage rises to 40.0%. In the five

patients with AIMAH, we found evidence of illicit recep-

tors in most of them (80%). These results are comparable

with data obtained from patients with AIMAH or unilateral

incidentalomas reported in previous studies. In 22 patients

with incidentally discovered AIMAH and SH, Libe

et al.[12] recently reported positive responses to the posture

test in 14 patients (66.7%) while none of the patients

responded to the meal test. In the study by Bourdeau et al.

[10], however, only one out of the four AIMAH patients

responded to the posture test and none to the meal test.

Reznik et al. [8] investigated 21 patients with unilateral

incidentalomas with scintigraphic evidence of SH and

reported positive or partial responses to meal and posture

tests in eight patients (38.1%). Interestingly, the prevalence

of aberrant responses in this group of patients with uni-

lateral adenomas and SH was almost identical to the

prevalence of aberrant responses found in our cohort of

patients with bilateral lesions.

For patients without overt Cushing’s syndrome, in

whom ACTH levels are not fully suppressed, it has been

proposed that the various tests applied to elicit the presence

of aberrant cortisol responses, should be conducted under

dexamethasone suppression [8, 11]. This is due to the fact

that adrenal nodules retain ACTH responsiveness and, in

the setting of mild cortisol excess and incomplete ACTH

suppression, it cannot be safely ascertained that an aberrant

response is not the result of spontaneously fluctuating

ACTH levels. Our study strongly supports this recom-

mendation. In fact, seven tests would have been misclas-

sified as positive or partial if they had not been repeated

after dexamethasone suppression. A rational alternative is

to monitor variations in ACTH levels throughout the test.

However, this is not a well-validated procedure. In fact,

due to the infrequent ACTH sampling, fluctuations of

ACTH levels could not be confidently detected. Likewise,

we observed no significant variation of ACTH levels in one

patient with a positive response to a meal test who subse-

quently tested negative when the test was repeated under

dexamethasone suppression.

Our analysis showed that size is an important factor

predicting a positive or partial aberrant response. Interest-

ingly, only subjects with SH demonstrated aberrant

Table 2 Hormonal data in each patient

Patient ACTH F midnight UFC F post-LDDST

AIMAH

1 23.0 10.3 199 11.3

2 20.8 3.6 135 2.5

3 8.0 4.8 124 12.6

4 3.0 14.0 128 10.0

5 18.0 16.7 116 6.0

Discrete bilateral adenomas

6 5.0 8.2 90 5.9

7 1.0 6.0 102 10.0

8 1.0 15.5 165 12.5

9 10.0 4.6 118 5.5

10 7.0 5.0 79 5.9

11 7.0 7.0 42 9.0

12 8.0 7.0 105 5.5

13 3.0 6.5 78 7.3

14 3.0 6.3 54 3.2

15 7.0 4.9 81 5.6

16 22.0 7.8 196 17.4

17 21.0 6.5 243 2.7

18 4.6 11.3 229 3.8

19 4.0 5.2 118 7.3

20 15 7.5 282 2.7

21 27.0 4.0 99 1.8

22 12.0 3.0 17 1.8

23 29.0 4.2 35 1.6

24 15.0 6.1 233 1.3

25 1.0 4.6 130 2.2

26 20.0 3.4 117 0.3

27 24.0 2.3 32 1.3

28 18.0 3.7 108 1.4

29 5.0 4.2 128 2.3

30 11.5 2.0 91 0.5

31 6.0 5.3 186 1.4

32 6.48 2.7 67 0.9

33 25.0 2.7 136 1.3

AIMAH ACTH-independent macronodular adrenal hyperplasia,

F cortisol, LDDST low-dose dexamethasone suppression test, UFC
24 h urinary free cortisol
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responses to the applied physiological stimuli. None of the

patients without subtle glucocorticoid excess showed an

aberrant response to upright posture or meal. One might

argue that since aberrant receptors are linked to steroido-

genesis, an enhanced secretory activity would be expected

only in these patients. However, previous studies in

AIMAH patients have shown that the coupling of these

receptors to tissue growth and steroidogenesis might not be

always concordant [10]. For example, whereas most of the

cases of AIMAH present with sizable adrenals they are not

all associated with clinically evident cortisol hypersecre-

tion and Cushing’s syndrome. Moreover, in the few studies

where pharmacological inhibition of the activated receptor

was attempted, it ameliorated hypercortisolism with no

regression of the adrenal tissue growth whatsoever [21, 22].

Taken together these data do not provide a satisfactory

explanation of the predominant appearance of aberrant

responses in the cortisol secreting and not the non-secreting

patients with bilateral adrenal incidentalomas.

A limitation of our study is the fact that we did not test

for the presence of all the reported aberrant GPCRs.

However, by using the posture, meal and LHRH tests we

screened for the presence of a large number of receptors

including catecholamine, vasopressin angiotensin II, GIP

and LH receptors. Our protocol did not include testing for

the presence of serotonin receptors that, along with vaso-

pressin receptors, are probably the more prevalent func-

tional receptors in the reported AIMAH cases [11]. It

should be noted, however, that the clinical relevance of

responses to these pharmacological stimuli, in doses not

necessarily reflecting the peak attainable physiological

levels, remains questionable. These receptors certainly

have a pharmacological interest but their endogenous

ligands may never reach the concentrations required to

induce hypercortisolism [6]. This is not the case for the

applied physiological stimuli, where the observed cortisol

responses are of undisputed clinical relevance. Moreover,

the practical benefit for the patient by documenting an

aberrant response is the opportunity to medically control

hypercortisolism. So far, the only available medications

block the GIP, b-adrenergic and LH receptors and, all these

receptors have been investigated in most of the patients of

our study by the applied protocol. Another limitation is the

lack of a control group or a control study with measure-

ment of cortisol every 30 min over the course of 2 h to

exclude random fluctuations. Due to the demanding nature

of the protocol such a control collection was not per-

formed. However, this is also the case for all the reported

studies dealing with the detection of aberrant responses [5,

11, 12]. To our experience, following dexamethasone

suppression, cortisol levels do not fluctuate and, this is

clearly seen in those patients that are non-responders to the

upright or meal tests.

In conclusion, our data strongly support that screening

for the presence of aberrant receptors in patients without

overt Cushing’s syndrome should be performed under

dexamethasone suppression to avoid false positive results.

Our findings indicate that aberrant expression of receptors

triggered by physiological stimuli, primarily by upright

posture, may be implicated in a significant percentage of

patients with bilateral adrenal incidentalomas associated

with autonomous cortisol production and especially those

with fairly large lesions, offering the possibility of future

pharmacological manipulation in these patients.

Table 3 Demographic and endocrine evaluation in patients with negative compared to patients with partial or positive responses

Patients with

negative responses

Patients with partial

or positive responses

P

Age (years) 60.2 ± 11.5 58.6 ± 10.8 NS

BMI 31.1 ± 6.3 30.0 ± 4.6 NS

Max size (cm) 3.4 ± 0.8 4.4 ± 0.8 0.005

Combined size (cm) 5.4 ± 1.1 7.4 ± 1.1 \0.001

Baseline cortisol (lg/dl) 15.7 ± 5.5 17.3 ± 8.4 NS

ACTH (pg/ml) 13.6 ± 7.8 8.6 ± 7.4 0.055

Midnight cortisol (lg/dl) 4.8 ± 1.8 9.7 ± 4.6 0.003

UFC (lg/24-h) 116.3 ± 70.7 138.9 ± 44.6 NS

DHEA-S (lg/dl) 53.5 ± 40.0 44.6 ± 33.8 NS

Cortisol post-LDDST (lg/dl) 3.5 ± 3.8 8.5 ± 3.2 \0.001

AIMAH/bilateral adenomas 1/22 4/6 0.021

SH-/SH? 13/10 0/10 0.002

Max size the largest diameter of the largest adenoma, combined size the sum of the largest diameters of the largest adenoma on each side, SH
subclinical hypercortisolism, F cortisol, LDDST low-dose dexamethasone suppression test, BMI body mass index, AIMAH ACTH-independent

macronodular adrenal hyperplasia, UFC 24 h urinary free cortisol, combined size the sum of the largest diameters of the adenomas

Endocrine (2011) 40:437–444 443

123



Conflict of interest The authors have nothing to disclose.

References

1. R.T. Kloos, M.D. Gross, I.R. Francis, M. Korobkin, B. Shapiro,

Endocr. Rev. 16(4), 460 (1995)

2. G. Osella, M. Terzolo, G. Borretta, G. Magro, A. Ali, A. Piov-

esan, P. Paccotti, A. Angeli, J. Clin. Endocrinol. Metab. 79(6),

1532 (1994)

3. L. Barzon, C. Scaroni, N. Sonino, F. Fallo, M. Gregianin, C.

Macri, M. Boscaro, J. Clin. Endocrinol. Metab. 83(1), 55 (1998)

4. H.P. Hsiao, L.S. Kirschner, I. Bourdeau, M.F. Keil, S.A. Boikos,

S. Verma, A.J. Robinson-White, M. Nesterova, A. Lacroix, C.A.

Stratakis, J. Clin. Endocrinol. Metab. 94(8), 2930 (2009)

5. C. Dall’Asta, E. Ballare, G. Mantovani, B. Ambrosi, A. Spada, L.

Barbetta, P. Colombo, P. Travaglini, P. Loli, P. Beck-Peccoz,

Horm. Metab. Res. 36(8), 578 (2004)

6. H. Mircescu, J. Jilwan, N. N’Diaye, I. Bourdeau, J. Tremblay, P.

Hamet, A. Lacroix, J. Clin. Endocrinol. Metab. 85(10), 3531

(2000)

7. S. Tsagarakis, C. Tsigos, V. Vassiliou, P. Tsiotra, H. Pratsinis, D.

Kletsas, P. Trivizas, A. Nikou, T. Mavromatis, F. Sotsiou, S.

Raptis, N. Thalassinos, J. Clin. Endocrinol. Metab. 86(2), 583

(2001)

8. Y. Reznik, H. Lefebvre, V. Rohmer, B. Charbonnel, A. Tabarin,

P. Rodien, P. Lecomte, S. Bardet, C. Coffin, J. Mahoudeau, Clin.

Endocrinol. (Oxf) 61(3), 311 (2004)

9. M.O. Goodarzi, D.W. Dawson, X. Li, Z. Lei, P. Shintaku, C.V.

Rao, A.J. Van Herle, J. Clin. Endocrinol. Metab. 88(1), 73 (2003)

10. I. Bourdeau, P. D’Amour, P. Hamet, J.M. Boutin, A. Lacroix, J.

Clin. Endocrinol. Metab. 86(11), 5534 (2001)

11. A. Lacroix, I. Bourdeau, A. Lampron, T.L. Mazzuco, J. Tremb-

lay, P. Hamet, Clin Endocrinol (Oxf) 73(1), 1 (2010)

12. R. Libe, J. Coste, L. Guignat, F. Tissier, H. Lefebvre, G. Bar-

rande, C. Ajzenberg, I. Tauveron, E. Clauser, B. Dousset, X.

Bertagna, J. Bertherat, L. Groussin, Eur. J. Endocrinol. 163(1),

129 (2010)

13. J.L. Doppman, G.P. Chrousos, D.A. Papanicolaou, C.A. Stratakis,

H.R. Alexander, L.K. Nieman, Radiology 216(3), 797 (2000)

14. D.A. Vassiliadi, G. Ntali, E. Vicha, S. Tsagarakis, Clin. Endo-

crinol. (Oxf) 74(4), 438 (2011)

15. S. Christopoulos, I. Bourdeau, A. Lacroix, Horm. Res. 64(3), 119

(2005)

16. L.K. Nieman, B.M. Biller, J.W. Findling, J. Newell-Price, M.O.

Savage, P.M. Stewart, V.M. Montori, J. Clin. Endocrinol. Metab.

93(5), 1526 (2008)

17. S.A. Lieberman, T.R. Eccleshall, D. Feldman, Eur. J. Endocrinol.

131(1), 67 (1994)

18. S. Tsagarakis, C. Roboti, P. Kokkoris, V. Vasiliou, C. Alevizaki,

N. Thalassinos, Clin. Endocrinol. (Oxf) 49(2), 165 (1998)

19. J.R. Lindsay, L.K. Nieman, Endocrinol. Metab. Clin. North Am.

34(2), 403 (2005)

20. L. Groussin, K. Perlemoine, V. Contesse, H. Lefebvre, A. Tab-

arin, P. Thieblot, J.L. Schlienger, J.P. Luton, X. Bertagna, J.

Bertherat, J. Clin. Endocrinol. Metab. 87(5), 1980 (2002)

21. A. Lacroix, P. Hamet, J.M. Boutin, N. Engl. J. Med. 341(21),

1577 (1999)

22. K. Oki, K. Yamane, S. Nakanishi, R. Nakashima, K. Jitsuiki, N.

Kohno, Endocrine 36(3), 372 (2009)

444 Endocrine (2011) 40:437–444

123


	Aberrant cortisol responses to physiological stimuli in patients presenting with bilateral adrenal incidentalomas
	Abstract
	Introduction
	Materials and methods
	Subjects
	Imaging
	Study protocol
	Screening protocol for aberrant receptors
	Hormone assays
	Statistical analysis

	Results
	Cortisol responses to physiological stimuli in patients with bilateral adrenal incidentalomas
	Posture test (n = 26)
	Meal test (n = 29)
	LHRH test (n = 8)

	Comparison of responses in patients with AIMAH versus patients with discrete bilateral adenomas
	Endocrine profile of patients with abnormal responses

	Discussion
	Conflict of interest
	References


