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ABSTRACT

The purpose of this study was to determine possible cut-off
levels of basal DHEA-S percentile rank in the differential diag-
nosis of patients with Cushing’s syndrome (CS) with ACTH
levels in the gray zone and normal DHEA-S levels. In this retro-
spective study including 623 pathologically confirmed CS, the
DHEA-S percentile rank was calculated in 389 patients with
DHEA-S levels within reference interval. The patients were clas-
sified as group 1 (n=265 Cushing’s disease; CD), group 2
(n=104 adrenal CS) and group 3 (n=20 ectopic ACTH syn-
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drome).ROC-curve analyses were used to calculate the optimal
cut-off level of DHEA-S percentile rank in the reference interval
in the differential diagnosis of CS, and the effectiveness of this
cut-off level in the identification of the accurate etiology of CS
was assessed in patients who were in gray zone according to
their ACTH levels. The DHEA-S percentile rank in the reference
interval were significantly lower in group 2 compared to the
other two groups (p<0.001), while group 1 and group 3 had
similar levels. The optimal cut-off level of DHEA-S percentile

rank in the reference interval providing differential diagnosis
between group 1 and group 2 was calculated as 19.5th percen-
tile (80.8 % sensitivity, 81.5 % specificity) and the level demon-
strated the accurate etiology in 100 % of CD and 76 % of adrenal
CS patients who were in the gray zone. This study showed that
the cut-off value of DHEA-S level less than 20 % of the reference
interval could be used for differential diagnosis of CD and ad-
renal CS with high sensitivity and specificity, and it should be
taken into the initial evaluation.

Introduction

Cushing’s syndrome (CS) is an unusual disorder characterized by
excessive cortisol secretion [1, 2]. The early diagnosis and treat-
ment of CS are quite important since untreated hypercortisolism
is associated with increased morbidity and mortality [2-4]. Al-
though there are significant advances in the pathophysiology and
treatment modalities, there are still many challenges during the
evaluation of CS including the differential diagnosis of the exact
etiology [5, 6]. In the differential diagnosis of CS, depending on the
laboratory analysis, 80 % of CS are adrenocorticotropic hormone
(ACTH) dependent and the remaining 20 % are ACTH independent
[6,7]. The discrimination of ACTH dependent and independent CS
is clearwhen the ACTH levelis>20 pg/mlor<10 pg/ml, respec-
tively [1, 3, 7]. However, ACTH levels between 10-20 pg/ml are
called the gray zone, and there are some CS patients whose ACTH
level is within this range [1, 3, 7]. For the discrimination of the exact
etiology in these patients, dynamic tests like high-dose dexameth-
asone suppression test (HDDST), corticotropin-releasing hormone
(CRH) or desmopressin stimulation test, and the invasive proce-
dure, inferior petrosal sinus sampling (IPSS), which is the gold
standard test are used [3, 8].

The synthesis and secretion of dehydroepiandrosterone sulfate
(DHEA-S), a steroid hormone from adrenal glands is dependent on
ACTH [9]. This characteristic enables the evaluation of ACTH secre-
tion by DHEA-S levels and the DHEA-S levels are expected to be sup-
pressed in adrenal CS and increased in ACTH dependent CS [10].
However, in many studies, serum DHEA-S levels have been report-
ed mostly within the reference interval contrary to expected in
ACTH dependent CS, and it has been reported also as low or with-
in the reference interval in adrenal CS [11-17]. The data suggest
that ACTH alone does not control adrenal androgen secretion.
ACTH precursor molecule pro-opiomelanocortin (POMC), and fac-
tors like B-endorphin, B-lipotrophin are thought to be related to
secretion of DHEA-S [9, 15,18, 19].

The utility of the DHEA-S level in the differential diagnosis of a
small number of patients with CS evaluated in the literature [11-
16]. In an early study of these, the authors concluded that the de-
termination of DHEA-S levels is useful in the differential diagnosis
of CS since the plasma DHEA-S levels are fairly stable [11]. On the
otherhand, recently a retrospective multicenter study assessed the
utility of plasma ACTH to differentiate adrenal CS from CD and com-
pare it with that of the HDDST results and serum DHEA-S levels. In
that study, the serum DHEA-S levels demonstrated a wide range of
overlap between patients with adrenal CS and those with CD, and
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the diagnostic value of DHEA-S was reported to be poor [13].In a
few studies comparing DHEA-S levels in patients with EAS and CD,
DHEA-S levels have been shown to be not useful for the differential
diagnosis of CS[12, 14, 15].

Although suppressed or high DHEA-S levels guide us in the dif-
ferential diagnosis of CS, a cut-off levels of basal DHEA-S percentile
rank to determine this distinction for patients with DHEA-S levels
in the reference interval as observed in most of the cases has not
been studied. This study aims to determine the differential diag-
nostic value of basal DHEA-S levels compared to other tests in CS
and to determine the cut-off levels of basal DHEAS percentile rank
in the reference interval in the differential diagnosis of a larger num-
ber patient with pathologically confirmed CS.

Patients and Methods

Patients

This is a retrospective multicenter study. The data of 623 patients
(524 female/99 male) with pathologically confirmed CS who were
admitted to 20 tertiary centers and diagnosed after 2000 in Turkey
are collected. All the data of patients gathered from these differ-
ent centers were standardized.

The diagnosis and differential diagnosis of CS were confirmed
according to the typical clinical signs and symptoms of hypercor-
tisolemia, radiological imaging findings, basal hormonal evalua-
tions such as cortisol, ACTH, DHEA-S, low-dose DST (LDDST),
HDDST, and 24-hour urinary free cortisol (24h-UFC) or IPSS all with
respect to the current guideline [2]. And also, the confirmation of
the diagnosis was made by the development of postsurgical adre-
nal insufficiency for ACTH dependent and independent CS. ACTH
immunostainingin postsurgical pathological specimens is used for
detecting ACTH dependent CS (CD and EAS), and demonstration
adenoma tissue after adrenalectomy is used for detecting ACTH
independent CS. Accordingly, 353 patients were diagnosed with
CD, 242 patients with adrenal CS, and 28 patients with EAS. Pa-
tients with cyclic CS, subclinical CS patients with cortisol levels<5
pg/dlin LDDST or patients who did not undergo surgery and pa-
tients with the diagnosis of adrenal carcinoma are excluded from
the study. Additionally, in order to assess the role of DHEA-S in dif-
ferential diagnosis, we excluded the patients with suppressed
DHEA-S levels as expected in patients with adrenal CS, and in-
creased DHEA-S levels as expected in patients with ACTH-depend-
ent CS.
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Assays and Hormonal Evaluation

The assessment methods, measurement units, and reference rang-
es of all hormone levels were obtained from all centers. Measuring
basal morning DHEA-S, cortisol and ACTH, 24h-UFC, and DSTs at
least once preoperatively was a prerequisite for inclusion in the
study. However, up to three hormone levels measured at different
times were requested and the mean of them was included. The
methods of serum DHEA-S measurement were electrochemilumi-
nescence immunoassay and high-performance liquid chromatog-
raphy-tandem mass spectrometry. For DHEA-S levels in their nor-
mal reference range (age and sex-matched), the DHEA-S percen-
tile rank was calculated with the formula as follows: [(calculated
DHEA-S levels - lower limit of DHEA-S reference interval)/(upper
limit of DHEA-S reference interval - lower limit of DHEA-S reference
interval)] x 100. Thus, the percentile rank values represent the per-
centage of DHEA-S levels at the lower and upper bound of that nor-
mal reference range. 24h-UFC levels were measured by high-per-
formance liquid chromatography, competitive binding immuno-
enzymatic assay, chemiluminescence. 24h-UFC ratios were
calculated by dividing the 24h-UFC levels to the upper limit of the
respective reference range for all patients. Blood samples were col-
lected from patients in accordance with bedside blood collection
protocol and, serum cortisol and ACTH levels were measured by
using an automated electrochemiluminescent immunoassay.

Design and Procedures

Based on ACTH levels used in the differential diagnosis of CS;
ACTH<10pg/mlwas accepted as ACTH-independent, ACTH>20 pg/
ml as ACTH-dependent, and ACTH between 10-20 pg/ml as gray
zone [1,3,7]. For patients with CD (n=353) and patients with EAS
(n=28), the DHEA-S level in the reference interval and elevated ac-
cording to age and gender, and for patients with adrenal CS (n=242),
the DHEA-S level in the reference interval (for age and gender) and
suppressed were all recorded.

A total of 389 patients with DHEA-S levels within the reference
interval were divided into groups according to their differential di-
agnosis. Accordingly, those with a diagnosis of CD (n=265) were
classified as group 1, those with adrenal CS (n=104) as group 2,
and those with a diagnosis of EAS (n=20) as group 3. Groups were
compared with each other according to age at diagnosis, sex, the
estimated duration of CS (the estimated duration from the begin-
ning of symptoms until the diagnosis of CS according to the disease
history expressed by the patient), levels of basal cortisol, ACTH,
DHEA-S percentile rank in the reference interval, and 24h-UFC
range, LDDST and HDDST results.

Possible cut-off values for DHEA-S percentile rank in the refer-
ence interval were evaluated to make a differentiation between
groups 1 and 2, groups 2 and 3, and groups 1 and 3. And, the ef-
fectiveness of the cut-off level in the identification of the accurate
etiology of CS was assessed in patients who were in the gray zone
according to their ACTH levels.

Statistical analyses

Statistical analyses were performed using SPSS version 24.0. Cat-
egorical variables were defined by frequency and percentage rate,
and continuous variables were defined by mean + standard devia-
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tion (SD). Kolmogorov-Smirnov and Shapiro-Wilk normality tests
were used for every variable to determine the analytic method for
testing of hypotheses. In the comparison of triple groups, the
Kruskal-Wallis test was performed due to the finding of non-nor-
mally distribution of variables. The mean rank was evaluated for
the source of difference. Statistically significant results were de-
fined with a p<0.05. The areas under the curves (AUCs) were cal-
culated by receiver operating characteristic (ROC) analysis to de-
termine the cut-off thresholds for DHEA-S percentile rank in the
reference interval. The procedure was used to estimate the 95 %
Cls of the AUCs and to test for differences between the areas of par-
ticular curves. Sensitivity and specificity calculations were made to
determine the power of the DHEA-S levels for discriminations of
groups.

The study was approved by the Clinical Ethics Committee of Ba-
kirkoy Dr. Sadi Konuk Training and Research Hospital. This study
was performed in accordance with the Helsinki recommendations.

Results

The mean age at diagnosis of 623 patients was 42 + 12 years. Dis-
tribution of ACTH and DHEA-S levels in the CD, adrenal CS, EAS pa-
tients are given in > Table 1.

By comparison of the groups, group 1 patients were younger
than the group 2 patients (p<0.001), while group 3 included more
male patients than the other two groups (p<0.001). The estimat-
ed duration of CS was similar in all groups. Basal cortisol, ACTH,
24h-UFCratios, and HDDST results were significantly different be-
tween the three groups (group 3>group 1>group 2), (p<0.001,
for all comparisons). LDDST results of group 3 were significantly
higher than the other two groups (p<0.001). The DHEA-S percen-
tile rank in the reference interval was significantly lower in group 2
compared to the other two groups (p<0.001), while group 1 and
group 3 had similar DHEA-S percentile rank in the reference inter-
val. The comprehensive data about the comparison of groups are
given in > Table 2.

The optimal cut-off level of DHEA-S percentile rank in the refer-
ence interval with the highest sensitivity of 80.8 % and specificity
of 81.5 % calculated by ROC curves for group 1 and group 2 was de-
termined as 19.5th percentile with an AUC of 0.89 (95 % Cl: 0.85-
0.92) (> Fig. 1 ROC curve). The cut-off level of DHEA-S percentile
rank in the reference interval the accurate etiology in 100 % of 12
CD and 76 % of 25 adrenal CS patients who were in the gray zone
according to their ACTH levels. The optimal cut-off level of DHEA-S
percentile rank in the reference interval with the highest sensitivi-
ty of 95 % and specificity of 87.5 % calculated by ROC curves for
group 2 and group 3 was determined as 23.5 with an AUC of 0.96
(95% Cl: 0.93-0.99) (> Fig. 2 ROC curve). No significant the opti-
mal cut-off level of DHEA-S percentile rank in the reference inter-
val was found between group 1 and group 3.

Discussion

In this study, we have shown that the DHEAS cut-off level is quite
useful in differentiating adrenal and pituitary CS, especially in pa-
tients who are in the gray zone according to ACTH level. Although
DHEA-S is not one of the recommended tests in the initial diagnos-
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> Table 1 Distribution of ACTH and DHEAS levels in Cushing’s disease, adrenal Cushing’s syndrome, and ectopic ACTH syndrome.

n=623

Suppressed DHEA-S levels (n; %)

DHEA-S in the normal range (n; %)

Elevated DHEA-S levels (n; %)

Cushing’s disease (n=353)

ACTH levels>20
pg/ml (n=339)

253 (75)
86 (25)

ACTH levels
10-20 pg/ml

(n=14)

12 (86)
2 (14)

Adrenal Cushing’s syndrome Ectopic ACTH syndrome (n=28)

ACTH: Adrenocorticotropic hormone; DHEA-S: Dehydroepiandrosterone sulfate.

> Table 2 Comparison of groups in terms of baseline characteristics.

n=389

Age at diagnosis
(years) mean+SD
Sex (F/M)

The estimated
duration of CS
(months)

mean +SD

Basal cortisol
(pg/dl) mean+SD
Basal ACTH
(pg/ml) mean £SD
Basal DHEA-S
percentile rank in
the normal range
(pg/dl) mean+SD
Cortisol level after
LDDST (pg/dl)
mean+SD
Cortisol level after
HDDST (pg/dl)
mean+SD
24h-UFC ratio
mean+SD

Group 1
(Cushing’s
disease)
n=265

40+12

230/35
23+26

69+41

47+27

13.5£7.2

5.6+5.9

2.8+8

Group 2

(Adrenal

Cs)
n=104

4811

89/15
19+18

7.7+4.3

12+12

13+6.2

1.2+1.8

Group 3
(EAS)
n=20

35+19

162+254

56+25

26.2+£14.5

27.9+25

3796

P

<0.001°

0.029>
NS

<0.001¢

<0.001¢

<0.0014

<0.001"

<0.001¢

0.03¢

p<0.05 statistically significant. Significant p-values are shown in bold;

a Statistically significant between group 1 & group 2; b Statistically
significant between group 1 & group 3, group 2 & group 3; ¢ Statistically
significant between group 1 & group 2, group 2 & group 3, group 1 &
group 3; d Statistically significant between group 1 & group 2, group 2 &
group 3; ¢ Statistically significant between group 2 & group 3; NS: Not

significant; ACTH: Adrenocorticotropic hormone; CS: Cushing’s

syndrome; CD: Cushing’s disease; DHEA-S: dehydroepiandrosterone

sulfate; EAS: Ectopic ACTH syndrome; HDDST: High-dose dexametha-
sone suppression test; LDDST: Low-dose dexamethasone suppression
test; UFC: Urinary free cortisol.
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(n=242)
ACTH levels<10 ACTH levels ACTH levels>20 ACTH levels
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> Fig. 1 The arrow on the ROC curve indicates the cut-off level of
DHEA-S percentile rank in the normal range with the highest sensi-
tivity of 80.8 % and specificity of 81.5 % for group 1 and group 2
which was determinated as 19.5th percentile; AUC: 0.89 (95 % Cl:
0.8-0.92).

tic evaluation of CS, itis well known that suppressed DHEA-S levels
support the diagnosis of adrenal CS [2,5, 10]. In our cohort, DHEA-S
levels were also suppressed in more than half of adrenal CS pa-
tients. The half-life of DHEA-S, which is formed by sulfation of
DHEA, thusincreases to 10 hours and remains at this level without
daily variations throughout the day, ensuring its reliability [10, 20].

The synthesis and secretion of DHEA-S are dependent mainly
on ACTH, and this is also recently shown in a study by the measure-
ment of adrenal vein hormones before and after stimulation with
ACTH [11,21]. In our cohort, DHEA-S percentile rank was signifi-
cantly lower in ACTH-independent CS patients than the other two
groups in those with normal DHEA-S levels. However, in our study,
the DHEA-S percentile rank in the reference interval were similarin
CD and EAS groups. Despite this similarity in patients with
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> Fig. 2 The arrow on the ROC curve indicates the cut-off level of
DHEA-S percentile rank in the normal range with the highest sensi-
tivity of 95% and specificity of 87.5 % for group 2 and group 3 which
was determinated as 23.5th percentile; AUC: 0.96 (95 % Cl: 0.93—
0.99).

ACTH-dependent CS, basal cortisol levels were significantly differ-
ent in these groups. This difference could be a result of the varia-
bility in the processing of POMC occurring in CD and EAS may cause
differences between cortisol and androgen levels in these patients,
as Cunningham et al. [15] stated in their study.

DHEA-S levels in CS has quite an attention in the past, however,
it has lost old interest especially in the evaluation of CS[11,12, 14~
16,22]. Therefore, we wanted to draw attention again to the impor-
tance of DHEA-S in the differential diagnosis of CS. The etiology of
CSiis clear in case of high ACTH level with an obvious pituitary ade-
noma, or in case of adrenal adenoma with suppressed ACTH level,
orin CS with very high ACTH level, hypokalemia and demonstration
of a neuroendocrine tumor with normal pituitary imaging [2, 3, 8].
Among the dynamic tests such as HDDST, CRH, and desmopressin
stimulation tests used in cases where the etiology is not clear are
gradually losing theirimportance due to low accuracy and these tests
are recommended to be performed only when IPSS is not possible
[23]. However, it is valuable to be able to make differential diagnosis
without IPSS, as this is an invasive procedure and should be applied
in experienced centers. Therefore, there are always studies of inves-
tigating for differential diagnostic tests, and in one of these studies,
the researchers evaluated the ACTH/cortisol ratio, and a ratio above
2.5 was reported to be specific for CD [24].

In our study, in order to understand the importance of DHEA-S
in differential diagnosis, we excluded patients with suppressed lev-
els as expected in patients with adrenal CS, and patients with high
DHEA-S levels in those with ACTH-dependent CS. We tried to find
a cut-off value for DHEA-S percentile rank, especially in those with
DHEA-S values within the reference interval. With the DHEA-S per-
centile rank in the reference interval, we have created a homoge-
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nization for DHEA-S levels studied from different centers with dif-
ferent methods. In our study, the cut-off value for DHEA-S percen-
tile rank in the reference interval which we found for differential
diagnosis of CD and adrenal CS is DHEA-S percentile rank in the ref-
erence interval with high sensitivity. Accordingly, in our study, it
was shown that those below the 20th percentile of the reference
interval indicated adrenal etiology, and those above the 20th per-
centile of the reference interval indicated CD. In contrast to our
study, which is a smaller number of patients containing, DHEA-S
levels were significantly different between adrenal CS and CD but
there was too much overlap between the groups [13]. Moreover,
the cut-off value of DHEA-S percentile rank in the reference inter-
val also demonstrated the accurate etiology in 100% of CD and 76 %
of adrenal CS patients who were in the gray zone in terms of ACTH
levels. The diagnostic accuracy rate of this cut-off level was found
to be quite high in a small number of patients whose ACTH level
remained in the gray zone in this study which included many more
patients compared to the literature. We also found a cut-off DHEA-S
percentile rank in the reference interval at 23.5th percentile to dif-
ferentiate the rare etiology of EAS from adrenal CS. Usually, itis not
difficult to discriminate EAS and adrenal CS, but in case of subclin-
ical CS when the ACTH is not significantly suppressed there may be
some difficulties. However, for a definite conclusion, more studies
including patients with the similar conditions are needed.

One of the most challenging issues in the evaluation of CS is the
differential diagnosis of EAS and CD. Because both are ACTH depend-
ent CS and it is not always possible to demonstrate a visible pituitary
or neuroendocrine tumor, and the invasive procedure IPSS is often
required for the detection of etiology [23]. Therefore, to find a cut-
off level of DHEA-S percentile rank in the reference interval which
would discriminate between them is particularly important. How-
ever, both EAS and CD groups had similar DHEA-S percentile rank in
the reference interval in our study. Although it was the most com-
prehensive study on this issue, the number of patients with EAS was
small, perhaps a cut-off value could be found by increasing the num-
ber of these patients. There were few studies with lower patient num-
bers evaluating the DHEA-S level in EAS and CD patients, similarly
our study, they showed that there was no significant difference be-
tween the groups [12, 14, 15,25, 26]. Therefore, invasive tests still
maintain theirimportance for the differentiation of EAS and CD.

In the literature the course of postoperative DHEA-S and corti-
sol levels in patients with CS were also evaluated and DHEA-S lev-
els were shown to improve in a longer time in contrast to cortisol
levels after pituitary or adrenal surgery [12,16,17,27]. The most
likely explanation for this is the significant and long-lasting sup-
pression of zona reticularis due to insufficient ACTH secretion be-
cause cells of zona reticularis are thought to contain the ACTH-de-
pendent enzyme 17,20 desmolase abundantly [16, 28]. DHEA-S
levels in the postoperative period were also evaluated for their pre-
dictive value of remission in CD and in some studies the percent-
age of decrease in DHEA-S levels was shown to be associated with
persistent or recurrent disease [25, 29, 30]. Since the retrospective
design of our study and not available of consecutive postoperative
DHEA-S levels in many patients, we could not evaluate the course
and changes of DHEA-S levels in the postoperative period.

The most important limitation of our study is that hormonal
data including DHEA-S levels were assessed retrospectively from
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different centers and different periods. However, calculation of
DHEA-S percentile rank in the reference interval eliminated these
heterogeneities. And also, in a rare disease like CS, the achievement
of the pathologically confirmed CS patient numbers as in our study
is very difficult for a single-center and logical determination of cut-
off values could be possible by including a large number of patients.
Due to the low prevalence of EAS, another limitation of this study
is the cut-off level of DHEA-S percentile rank in the reference inter-
val could not be determined in the differential diagnosis between
CD and a small number of EAS.

As a result, although DHEA-S levels change in correlation with
ACTH in CS, the cut-off level of DHEA-S percentile rank for DHEA-S
levels within the reference interval may be useful especially in the
differential diagnosis of CD and adrenal CS patients who are in the
gray zone according to their ACTH levels. Similarly, cut-off values
of DHEA-S found for discrimination of EAS and adrenal CS also have
very high sensitivity and specificity. Since the plasma DHEA-S lev-
els are fairly stable and easily measurable, all these data need to be
supported with further studies.
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