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Abstract The diagnostic accuracy of dehydroepiandros-

terone sulfate (DHEAS) to predict subclinical Cushing’s

syndrome (sCS) has been a matter of debate. The primary

objective of this study was to assess the diagnostic power

of DHEAS in predicting sCS. This retrospective study was

conducted in a tertiary referral center and based on subjects

referred between 2004 and 2014. Data of 249 subjects with

adrenal incidentalomas were evaluated. We also reviewed

604 DHEAS measurements from adults, which were per-

formed during the same period in our laboratory (LB

group). Adrenocortical function, tumor size, and clinical

characteristics were assessed. We diagnosed sCS in 15.2 %

of the participants in the presence of C2 of the following;

1 mg dexamethasone suppression test [3.0 lg/dl, urinary

free cortisol [70 lg/24 h, and corticotrophin (ACTH)

\10 pg/ml. DHEAS levels were significantly reduced in

patients with sCS (n = 38) compared to sCS (-)

(n = 141) and LB groups (n = 604) (27.95, 65.90, and

66.80 lg/dl, respectively, p \ 0.001) while age was com-

parable. The ROC curve analysis showed that the cut-off of

the DHEAS with the best diagnostic accuracy for detecting

sCS was 40.0 lg/dl (SN, 68 %; SP, 75; PPV, 43 %; NPV,

90 %, AUC: 0.788, p \ 0.001). Logistic regression

assessed the impact of age, BMI, low DHEAS (\40 lg/dl),

bilateral tumors, and tumor size on the likelihood of having

sCS. The strongest predictor was low DHEAS, recording

an OR of 9.41. DHEAS levels are inversely associated with

the extent of cortisol excess. In subjects with intermediate

laboratory findings, detection of low DHEAS could be

advantageous for distinguishing sCS.

Keywords Adrenal incidentaloma � Subclinical Cushing

syndrome � DHEAS

Introduction

Subclinical Cushing’s syndrome (sCS) is the most frequent

endocrine dysfunction detected in subjects with inciden-

tally discovered adrenal tumors [1, 2]. This term refers to

autonomous cortisol secretion which is not associated with

typical signs and symptoms of hypercortisolism, as in the

overt Cushing’s syndrome (CS) [3]. However, an increased

frequency of several metabolic problems including glucose

intolerance, hypertension, central obesity, or osteoporosis

has been described in patients with sCS since patients are

exposed to slight albeit chronic cortisol excess [4, 5].

The diagnosis of sCS is difficult due to the lack of a

single gold standard test. Many authors have proposed a

variety of different criteria including 1 mg dexamethasone

suppression test (DST) [ 3 or 5 lg/dl, increased urinary

free cortisol (UFC), suppressed corticotrophin (ACTH), or

blunted response to corticotrophin-releasing hormone [6–9].

The current uncertainty on which diagnostic test(s) is best

suited to define sCS depends on several factors including no

or very mild signs of cortisol excess, the lack of sufficient

sensitivity of the tests to recognize mild cortisol excess and

the lack of a specific clinical picture of sCS.
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Dehydroepiandrosterone sulfate (DHEAS) is an andro-

gen precursor secreted by the zona reticularis under the

dominant regulation of ACTH. It has been postulated that a

low DHEAS level could indicate several hypothalamus-

pituitary-adrenal (HPA) axis disturbances like adrenal

insufficiency, chronic glucocorticoid exposure, or sCS due

to the chronic suppression of ACTH [10]. However, data

regarding the diagnostic accuracy of DHEAS to predict sCS

have been perplexing. While several publications proposed

low DHEAS as a predictor for sCS [11–13], some authors

disagreed because of the inconsistent findings [14, 15] .

In this retrospective study, we sought to evaluate

DHEAS measurements in patients with CS, sCS, and sCS

(-) patients, and 604 consecutive adult individuals were

tested in our laboratory to determine the association

between DHEAS levels and the extent of cortisol excess.

We also aimed to evaluate the diagnostic accuracy of

DHEAS level to predict sCS.

Patients and methods

Patients

We retrospectively evaluated 249 subjects referred to

Endocrinology Division of Dokuz Eylul University between

January 2004 and March 2014 (Fig. 1). We excluded

patients with pheochromocytoma (n = 7), adrenal cysts or

adrenal myelolipomas (n = 18), adrenal metastasis

(n = 12), primary hyperaldosteronism (n = 9), adrenocor-

tical carcinoma (n = 5), missing data (n = 4), alcoholism

(n = 1), malignancy requiring active therapy (n = 1), and

those taking glucocorticoid drugs (n = 3).

All adrenal masses were detected by ultrasonography,

computed tomography (CT), or magnetic resonance imaging

(MRI). Ultrasound findings were confirmed with CT or MRI.

Anthropometric characteristics included body weight,

height, and blood pressure. Body mass index was calcu-

lated as [body weight (kg)]/[height (m2)]. Non-diabetic

patients underwent an oral glucose tolerance (OGT) test

with 75 g glucose and blood taken for measurements of

glucose at 0 and 2 h.

All subjects underwent 24-h urine collections for the

assessment of metanephrine and normetanephrine excre-

tion. Aldosterone/plasma renin activity (PRA) was mea-

sured in subjects with hypokalemia or hypertension. Initial

evaluation of cortisol secretion included baseline morning

serum cortisol, ACTH, and DHEAS. All patients under-

went a standard 1 mg DST.

Adrenal Cushing syndrome was defined as the ACTH-

independent overt cortisol excess in a patient with multiple

signs or symptoms of classic Cushing syndrome (e.g., striae

rubrae, moon face, buffalo hump, skin atrophy, proximal

myopathy, hypogonadism, or osteoporotic vertebral compres-

sion fractures). Pheochromocytoma was defined as the pre-

sence of significantly increased catecholamine excretion

(higher than three times the upper reference limits). Primary

hyperaldosteronism was diagnosed when PAC (ng/dl)/PRA

(ng/ml/h)[25 and when intravenous salt loading (saline infu-

sion test) revealed a non-suppressed PAC level ([10 ng/dl).

Adenomas were defined as well-circumscribed homog-

enous masses with a diameter of 10 mm or more.

A Hounsfield unit cut-off of\10 in unenhanced CT scan or

rapid washout of contrast medium in enhanced CT scan

was used as indicating a benign imaging phenotype. The

loss of signal on out-of-phase images in relation to spleen

differentiated adenomas in MRI. The diagnosis of an

adrenal myelolipoma was based on the presence of mac-

roscopic fat on CT and T1-hyperintense signal that sup-

pressed with frequency-selective fat saturation on MRI. An

adrenal cyst was identified by fluid characteristics (B20

HU on CT and/or high T2 signal on MRI) with thin walls

that show no enhancement. Adrenal metastasis and 4 of 5

ACCs were identified by pathological examination. In 1

subject, ACC was diagnosed after the pathological exam-

ination of liver metastasis.

The diagnosis of sCS was made on the basis of at least

two of the following criteria: 1 mg DST [ 3.0 lg/dl,

UFC [ 70 lg/24 h, and ACTH \ 10 pg/ml. The DST–

UFC–ACTH criterion seems to be the reasonable combi-

nation to diagnose sCS because it was validated on a

clinical basis [16, 17]. In our study, UFC was measured in

subjects when the results of 1 mg DST and ACTH were

discordant (1 mg DST [ 3.0 lg/dl and ACTH [ 10 pg/ml

or 1 mg DST \ 3.0 lg/dl and ACTH \ 10 pg/ml). On the

basis of these criteria, sCS was defined in 38 subjects.

Adrenalectomy was performed in patients with overt

hormone excess, radiological aspects compatible with

malignancy or significantly enlarging tumors. Additionally,

adrenalectomy was recommended to patients with sCS

when medical therapy did not reach treatment goals of

associated diseases potentially linked to hypercortisolism.

Methods

In addition to the data of patients, we also retrospectively

reviewed our laboratory’s DHEAS measurements per-

formed between January 2004 and March 2014 with the

same immunoassay (LB group). There were 604 relevant

tests from adult subjects (505 females, 99 males, median

age: 54 (19–89 years)). The leading indications for

DHEAS measurements were assessment of adrenocortical

function in suspected adrenocortical deficiency, evaluation

of hirsutismus, routine premenopausal or climacteric hor-

monal evaluation or adrenal incidentaloma work-up. This

data were utilized as a control group (LB group) for the
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comparison of DHEAS levels with sCS (?), sCS (-), and

CS subjects.

Type 2 Diabetes Mellitus (T2DM) was defined using

World Health Organization criteria [18] and/or when the

patient was on anti-diabetic therapy. Arterial hypertension

(AHT) was defined as the presence of systolic blood

pressure C140 mm Hg, and/or diastolic blood pressure

C90 mm Hg, or when the patient was on antihypertensive

drug treatment [19].

The CT examination was performed using a 64-slice

CT, and MR imaging was performed on a 1.5T scanner

equipped with commercially available body coils in the

prone position. All image data sets were evaluated by one

experienced radiologist who was blinded to patients’ clin-

ical status.

Serum cortisol levels were measured by a commercially

available chemiluminescent microparticle immunoassay

(Architect System, Abbott, USA). Reference range for

morning cortisol level: 3.7-19.4 lg/dl; inter-assay and

intra-assay coefficients of variation (CV) \10 %; and

analytical sensitivity was\0.8 lg/dl. Plasma ACTH levels

were measured by a commercially available chemilumi-

nescent immunometric assay (Immulite 2000, Diagnostic

Products Corporation, USA). Reference range for morning

ACTH level: 10-60 pg/ml; inter-assay and intra-assay CVs

\10 %; and analytical sensitivity was 5 pg/ml. Serum

DHEAS levels were measured by a commercially available

solid-phase, competitive, chemiluminescent enzyme

immunoassay (Immulite 2000, Diagnostic Products Cor-

poration, USA). Reference range for morning DHEAS level

Subjects referred (n=249)
Pheochromocytoma (n=7)
Cyst or myelolipoma (n=18)
Metastasis (n=12)
Primary Hyperaldosteronism (n=9)
Adrenocortical Carcinoma (n=5)
Excludeda (n=5)
Missing data (n=4)

Patients (n=179)

1 mg DST > 3.0 μg/dl
and

ACTH < 10 pg/ml
(n=34)

1 mg DST > 3.0 μg/dl
and

ACTH > 10 pg/ml
(n=6)

UFC ≥ 70μg/day (n=4)

Subclinical Cushing Syndrome
(N=38)

UFC < 70μg/day (n=16)
1 mg DST < 3.0 μg/dl

and
ACTH < 10 pg/ml

(n=16)

1 mg DST < 3.0 μg/dl
and

ACTH > 10 pg/ml
(n=123)

No Subclinical Cushing Syndrome
(N=141)

UFC < 70μg/day (n=2)

UFC ≥ 70μg/day (n=0)

Overt adrenal Cushing Syndrome 
(n=10)

Fig. 1 Demonstration of the study group. 1 mg DST indicates 1 mg

dexamethasone suppression test. Subclinical Cushing Syndrome is

diagnosed in the presence of two out of the following three parameters:

ACTH \ 10 pg/; 1 mg DST [ 3 lg/dL, and UFC [ 70 lg/day.
aExcluded due to alcoholism (n = 1), malignancy requiring active

therapy (n = 1), treatment with glucocorticoid drugs (n = 3)
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for females: 35–430 lg/dl, for males: 80–560 lg/dl; inter-

assay and intra-assay CVs\10 %; and analytical sensitivity

was 3 lg/dl. Urine free cortisol (normal: \70 lg/24 h),

metanephrine (normal range: 52.0–341.0 lg/24 h), and

normetanephrine (normal range: 88.0–444.0 lg/24 h) were

measured by high-performance liquid chromatography.

Statistical analysis was performed by SPSS version 15.0

(SPSS Inc). The results are expressed as mean ± SD or

median (min–max). Distribution of the variables was

assessed by Kolmogorov–Smirnov test. Categorical vari-

ables were compared by v2 test. Continuous variables were

compared among two groups using Independent Samples

t test or Mann–Whitney U test according to the distribution

of the variable. Among three or more groups, continuous

variables were compared using Kruskal–Wallis test and

Mann–Whitney U test with Bonferroni adjustment or one-

way ANOVA. Standard multiple regression analysis was

performed to identify the predictors of DHEAS levels in sCS

(?) and sCS (-) subjects. The model included age, 1 mg

DST cortisol level, and tumor size as independent variables.

Direct logistic regression was performed in sCS (?) and sCS

(-) subjects to assess the impact of age, BMI, low DHEAS

(\40 lg/dl), bilateral tumors, and tumor size on the likeli-

hood of having sCS. The receiver operating characteristic

(ROC) curve analysis assessed the cut-off of DHEAS with

the best diagnostic accuracy for detecting sCS.

Results

Characteristics of the subjects in the database

General characteristics of the subjects in adrenal inci-

dentaloma database are shown in Table 1. The majority of

the referred patients were females (74.9 %). Ratio of male

to female was significant in subjects with adrenal metas-

tasis. Patients with ACCs had larger masses compared to

those with benign tumors. Patients with pheochromocyto-

mas or non-adenomatous benign tumors were younger at

presentation compared to subjects with other tumor types.

Retrospective evaluation of relevant DHEAS

measurements in adults

The number of relevant tests performed between January

2004 and March 2014 was 604. DHEAS levels showed a non-

normal distribution (Kolmogorov–Smirnov, p \ 0.001).

Median of DHEAS was 66.80 lg/dl (2.6–822.1 lg/dl), and

age was 54 y (19–89y). There was a strong negative corre-

lation between age and DHEAS levels (r:-0.504,

p \ 0.001). There were 99 tests from male subjects and 505

tests from female subjects. Males were significantly older

than females (58.29 ± 12.27 vs. 49.67 ± 13.80, p \ 0.001,

Independent Samples t test). DHEAS measurements from

male subjects were slightly lower than those from females

(56.7 lg/dl (2.6–419.9 lg/dl) vs. 68.4 lg/dl (2.8–822.1

lg/dl), p = 0.103, Mann–Whitney U test).

Impact of hypercortisolism on DHEAS levels

At first, we compared age and DHEAS levels between CS,

sCS (?), sCS (-), and LB groups to evaluate the impact of

different levels of cortisol excess on DHEAS levels. Sub-

jects in CS (n = 10) and sCS (?) (n = 38) groups had

significantly lower levels of DHEAS when compared to

those in sCS (-) (n = 141) and LB (n = 604) while age

was comparable (median DHEAS 16.10 (12.0–89.1) lg/dl,

27.95 (9.4–128.0) lg/dl, 69.90 (14.0–363.0) lg/dl and 66.8

(2.6–822.1) lg/dl, respectively; v2 (3, n = 793) = 44.64,

p \ 0.001, Kruskal–Wallis Test). There was no significant

difference between CS and sCS (?) groups or sCS (-) and

LB groups in terms of DHEAS levels (Fig. 2).

Characteristics of the subjects in sCS (?) and sCS (-)

groups are presented in Table 2. No significant difference

Table 1 General characteristics of the referred subjects in database

CS (n = 10) sCS

(n = 38)

NFA

(n = 141)

PHE

(n = 7)

PHA

(n = 9)

C/M

(n = 18)

MET

(n = 12)

ACC

(n = 5)

Gender (M/F) 2/8 5/33 38/103 4/3 5/4 2/16 11/1 2/3

Age 47.2 ± 14.9 54.2 ± 11.2 55.4 ± 9.9 43.8 ± 11.6 51.4 ± 8.5 43.8 ± 16.5 62.1 ± 10.4 47.6 ± 15.9

Bilateral n (%) 1 (10) 11 (28.9) 28 (19.8) 2 (28.6) 3 (33.3) 2(11.8) 4 (33.3) 0

Sizea, mm 37.5 (25–65) 30 (20–60) 21 (10–70) 40 (25–50) 15 (10–30) 50 (18–65) 42.5 (10–80) 90 (60–270)

Surgery n (%) 10 (100 %) 9 (23.7 %) 3 (2.1 %) 7 (100 %) 1 (11.1) 5 (27.8) 12 (100 %) 4 (80 %)b

Data are expressed as mean ± SD or median (min–max)

M males, F females, BMI body mass index, CS adrenal Cushing syndrome, sCS subclinical Cushing syndrome, PHE pheochromocytoma, PHA

primary hyperaldosteronism, C/M cysts or myelolipomas, MET metastasis and ACC adrenocortical carcinoma
a In bilateral tumors, the size of the largest was used for analysis
b In 1 patient, ACC was diagnosed after pathological examination of liver metastasis
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in age, male–female ratio, number of bilateral adenomas,

or BMI was observed between patients with sCS and those

without. Patients with sCS had significantly larger adeno-

mas compared to sCS (-) subjects (30 (20–60) mm vs. 21

(10–70) mm, p \ 0.001). Significant differences were

observed in ACTH, 1 mg DST, and UFC levels, related

with sCS definition. The presence of sCS was associated

with a tendency for morning cortisol to be increased but the

difference was not significant (16.0 ± 4.6 vs. 14.3 ± 5.5,

p = 0.078). In patients with sCS, prevalence of T2DM

(31.5 %) and AHT (67.5 %) was increased when compared

to subjects without (17.8 %, p = 0.074, 43.8 %, p = 0.01,

respectively). DHEAS levels were significantly reduced in

sCS (?) patients compared to sCS (-) subjects (27.95

(9.4–128.0) lg/dl vs. 65.90 (14.0–363.0) lg/dl, p \ 0.001,

Mann–Whitney U test).

Additionally, we stratified the subjects according to

suppression of 1 mg DST cortisol level as follows: Group S

(\1.8 lg/dl), n = 115; Group I (1.8–3.0 lg/dl), n = 24

and Group N (C3.0 lg/dl), n = 40. Subjects in Group I

and N had significantly low DHEAS levels when compared

to Group S (p \ 0.001, Kruskal–Wallis test and Mann–

Whitney U test with Bonferroni adjustment), while age was

comparable (p = 0.063, one-way ANOVA and post Hoc

analysis with Tukey) (Fig. 3).

Standard multiple regression analysis was performed to

identify the predictors of DHEAS levels in sCS (?) and sCS

(-) subjects. The model included age, 1 mg DST cortisol

level, and tumor size as independent variables (model

r2 = 0.145, p\ 0.001). 1 mg DST cortisol (beta = -0.324,

p\0.001, 95 % CI for beta:-8.244–3.122) recorded a higher

beta value when compared to age (beta = -0.216, p = 0.002,

95 % CI for beta:-1.926–0.409) and tumor size (beta =

-0.044, p = 0.494, 95 % CI for beta:-1.028–0.553).

The ROC curve analysis (Fig. 4) including sCS(?) and

sCS(-) subjects showed that the cut-off of the DHEAS

level with the best diagnostic accuracy for detecting sCS

was 40.0 lg/dl (sensitivity, 68 %; specificity, 75 %; posi-

tive predictive value, 43 %; negative predictive value,

90 %; AUC: 0.788, p \ 0.001).

Direct logistic regression was performed in sCS (?) and

sCS (-) subjects to assess the impact of age, BMI, low

Table 2 Characteristics of the patients with or without sCS

sCS (?)

(n = 38)

sCS (-)

(n = 141)

p

Age 55 (27–77) 54 (25–79) 0.545

Gender (M/F) 3/35 38/103 0.089

BMI, kg/m2 31.0 ± 4.0 30.1 ± 4.9 0.344

Bilaterala, % 28.9 20.2 0.274

Sizea, mm 30 (20–60) 21 (10–70) \0.001

DHEAS, lg/dl 27.95

(9.4–128.0)

65.90

(14.0–363.0)

\0.001

Morning cortisol,

lg/dl

16.0 ± 4.6 14.3 ± 5.5 0.078

1 mg DST, lg/dl 6.7 ± 4.8 1.3 ± 0.6 \0.001

ACTH, pg/ml 6.4 ± 3.3 18.6 ± 10.2 \0.001

UFCb, lg/day 258.7 ± 84.1 29.4 ± 20.4 \0.001

T2DM, % 31.5 17.8 0.074

AHT, % 67.5 43.8 0.01

Data are expressed as mean ± SD or median (min–max). Indepen-

dent Samples t test or Mann–Whitney U test was performed according

to the distribution of the variable. Chi-square test was used for the

comparison of dichotomous variables

M males, F females, BMI body mass index, DST dexamethasone

suppression test, ACTH corticothropin, DHEAS dehydroepian-

drostenedione sulfate, T2DM Type 2 Diabetes Mellitus, AHT arterial

hypertension
a In bilateral tumors, the size of the largest was used for analysis
b UFC was measured in 22 subjects
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Fig. 2 a Association between cortisol excess and DHEAS levels.

Median DHEAS level is represented by black bar, and median age is

represented by gray bar (age and DHEAS had non-normal distribu-

tion, Kolmogorov–Smirnov test, p \ 0.001). Error bars represent

95 % confidence interval. DHEAS levels are significantly and

inversely related with the level of cortisol excess while age was

comparable between groups; CS (n = 10), sCS (?) (n = 38), sCS (-)

(n = 141), and LB (n = 604). (Kruskal–Wallis test and Mann–

Whitney U test with Bonferroni adjustment were used) *p \ 0.001

versus LB #p \ 0.001 versus sCS(-). CS Cushing syndrome, sCS

subclinical Cushing syndrome, LB laboratory DHEAS data b Distri-

bution of subjects in each group with respect to DHEAS levels.

Reference line indicates 40 lg/dl
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DHEAS (\40 lg/dl), bilateral tumors, and tumor size on

the likelihood of having sCS. As shown in Table 3, only

low DHEAS and tumor size made a significant contribution

to the model. The strongest predictor of having sCS was

low DHEAS, recording an odds ratio of 9.41.

Discussion

In our population of subjects with adrenal adenomas, we

observed that DHEAS level was negatively associated with

the extent of hypercortisolism. DHEAS level in sCS (?)

patients was significantly decreased compared to age-

matched sCS (-) subjects and to those from our laboratory

database. Low DHEAS level (\40 lg/dl) predicted sCS

significantly (Fig. 4).

The reduction of DHEAS was described as the most

frequent HPA axis abnormality in subjects with adrenal

incidentalomas. However, the inverse association between

DHEAS level and cortisol excess has been demonstrated in

several [1, 7, 8, 20, 21], but not all [14, 22] studies.

Therefore, the predictive value of low DHEAS for sCS has

been a matter of debate. The physiological decline of

DHEAS with aging contributes to this uncertainty. Con-

sistent with the literature, age was an important predictor of

DHEAS level in our study. Nevertheless, subtle but

autonomous cortisol production and the resulting inhibition

of ACTH appear to be responsible for the reduction in

DHEAS levels in sCS (?) subjects. Three findings accen-

tuated the impact of autonomous cortisol production on

DHEAS levels beyond the well-known effect of aging.

First, subjects with sCS had significant low levels of

DHEAS when compared to age-matched sCS (-) and LB

individuals. Second, patients with CS featured with the

lowest DHEAS levels despite younger age. Finally, 1 mg

DST cortisol level predicted DHEAS better than age.

1 - Specificity

1,00,80,60,40,20,0

S
e
n
s
i
t
i
v
i
t
y

1,0

0,8

0,6

0,4

0,2

0,0

DHEAS < 40 µg/dl

Fig. 4 ROC curve for DHEAS levels in predicting DHEAS. The cut-

off of the DHEAS level with the best diagnostic accuracy for

detecting patients at risk for SH was 40.0 lg/dl (sensitivity, 68 %;

specificity, 75 %; positive predictive value, 43 %; negative predictive

value, 90 %; AUC: 0.788, p \ 0.001)

Table 3 Odds ratio for predicting the presence of sCS, adjusted for

possible confounding factors

B p Odds

ratio

95 %C.I for

OR

Age 0.024 0.367 1.024 0.973–1.078

BMI -0.049 0.349 0.474 0.155–1.443

Low DHEAS

(\40 lg/dl)

2.242 \0.001 9.416 3.214–27.590

Bilateral adenomas -0.747 0.188 0.474 0.155–1.443

Size -0.098 \0.001 0.907 0.862–0.954

The diagnosis of sCS was made on the basis of at least 2 of the

following criteria; 1 mg DST [ 3.0 lg/dl, UFC [ 70 lg/24,

ACTH \ 10 pg/ml

DHEAS dehydroepiandrostenedione sulfate, BMI body mass index

Group S 1 mg DST 
< 1.8 µg/dL

Group I 1 mg DST 
1.8-3 µg/dL

Group N 1 mg DST 
≥ 3 µg/dL
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Fig. 3 Association between 1 mg DST cortisol and DHEAS levels in

sCS (?) and sCS (-) patients. Median DHEAS level is represented

by black bar, and median age is represented by gray bar. DHEAS

levels are significantly related with the magnitude of cortisol

suppression after DST while age was comparable between groups;

Group N (n = 40), Group I (n = 24), and Group S (n = 115). Age

and DHEAS had non-normal distribution, Kolmogorov–Smirnov test,

p \ 0.001; Kruskal–Wallis test and Mann–Whitney U test with

Bonferroni adjustment were used. *p \ 0.001 versus Group S, error

bars represent 95 % confidence interval
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In our study, some patients classified as sCS (-) might

have subtle cortisol excess because of the uncertainty in

sCS definition. Therefore, we stratified the sCS (?) and

sCS (-) subjects into three groups with respect to 1 mg

DST cortisol level. Despite the arbitrary criteria of sCS,

excluding cortisol hypersecretion is more straightforward.

1 mg DST cortisol level \1.8 lg/dl can clearly exclude

autonomous cortisol secretion. We observed that subjects

with non-suppressed 1 mg DST cortisol levels (both

[3 lg/dl and 1.8–3.0 lg/dl) had significantly low DHEAS

levels. This was independent from the impact of age.

Subjects with subtle cortisol excess (1 mg DST cortisol

between 1.8 and 3.0 lg/dl) but not classified as sCS had

also lower DHEAS levels. This finding also supported the

impact of cortisol excess on DHEAS levels.

To the best of our knowledge, data regarding the diag-

nostic accuracy of DHEAS for the prediction of sCS have

been inadequate and obscure. Several guidelines from

different associations have indicated that low DHEAS

could support the diagnosis of sCS [11, 13]. However,

because of the diversity in sCS criteria, the small number

of patients enrolled or age discrepancies in study groups; a

cut-off value has not been established. In this study, we

defined sCS according to the DST–UFC–ACTH combina-

tion criterion as it has been validated on a clinical basis [16,

17]. DHEAS cut-off value \40 lg/dl showed the best

balance between sensitivity (68 %) and specificity (75 %),

reaching an acceptable accuracy (73.7 %) in predicting

sCS. Our results demonstrated that low DHEAS had

comparable sensitivity, specificity, and accuracy when

compared to the DST–UFC–ACTH combination.

It has been demonstrated that increased tumor size,

bilateral tumors, and obesity were more common in

patients with sCS [23, 24]. Therefore, we evaluated the

predictive value of DHEAS and these clinical findings in

the same regression model. Low DHEAS was the sole

predictor of sCS in this model with a significant OR.

Our findings may contribute to the diagnostic work-up

in subjects with adrenal incidentalomas. There is not a

single gold standard test for sCS, and most of the proposed

tests share similar accuracy problems. UFC cannot suc-

cessfully reveal slight cortisol excess, and technical prob-

lems during collection, storage, or analysis could hamper

diagnostic reliability [25, 26]. Several previous studies

reported an altered circadian cortisol secretion rhythm in

subjects with adrenal incidentalomas with high midnight

cortisol levels [9, 12, 15, 25]. Midnight serum cortisol

correlates with clinical conditions better than other tests,

but its use is limited by the need of the hospital admission

[9]. The use of midnight salivary cortisol seems to be less

expensive and more feasible for screening Cushing’s

Syndrome [27] but its routine use in sCS is still debated

[28]. Some authors showed a low sensitivity in identifying

sCS [29, 30], while others demonstrated that subjects with

elevated midnight serum cortisol had sCS [31]. Besides,

the various studies on the diagnostic accuracy of the dif-

ferent salivary cortisol assays are hardly comparable for

differences in the patients’ and controls’ selection criteria

and in the diagnostic performance and sample collection

techniques of the various laboratory methods [16, 32].

Technical problems in ACTH assays [33] and the ongoing

debate on the cut-off values of 1 mg DST cortisol level

[34–39] complicate hormonal work-up. Because of the

limitations of the proposed diagnostic methods, DHEAS

measurement can be practical as a secondary test in

selected patients who present with slight hormonal abnor-

malities (1 mg DST cortisol level between 1.8 and 3 lg/dl

and ACTH level 10–15 pg/ml) or when DST–UFC–ACTH

levels were discordant (1 mg DST cortisol level [3 lg/dl

and ACTH level [10 pg/ml). Low DHEAS levels in such

intermediate patients could be advantageous for the

detection of autonomous cortisol secretion. DHEAS does

not follow a circadian rhythm and has a long half life

(10–20 h) [10]. These make a single measurement of

DHEAS practical and reliable.

This study has several limitations. Although we used a

reliable definition of sCS, the gold standard has yet to be

determined. The accuracy of DHEAS may change related

with the definition of sCS. The design of the study did not

allow us to obtain prospective data about the change in

DHEAS levels and HPA axis tests. Additionally, the small

number of subjects with sCS may affect the power of

results demonstrating the diagnostic accuracy of DHEAS.

In conclusion, this study provides two important find-

ings. First, in subjects with adrenal incidentalomas,

DHEAS levels are clearly associated with the levels of

cortisol excess. Second, in subjects with intermediate lab-

oratory findings, DHEAS measurements could be advan-

tageous for distinguishing sCS.

Disclosure The authors have nothing to disclose.
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