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Abstract

Background and aim Dexamethasone Suppression Test (DST), recommended for Cushing’s Syndrome (CS) diagnosis,
explores the pituitary feedback to glucocorticoids. Its diagnostic accuracy could be affected by dexamethasone bioavailability,
and therefore, we have developed and validated a dexamethasone threshold after 1-mg DST.

Materials and methods We studied 200 subjects: 125 patients were considered retrospectively and 75 were enrolled pro-
spectively as the validation cohort. Serum dexamethasone, Late Night Salivary Cortisol (LNSC), and Urinary Free Cortisol
(UFC) were measured with LC-MS/MS. Normal LNSC and UFC levels were used to exclude CS. The lower 2.5th percentile
of dexamethasone distribution in non-CS patients with cortisol <50 nmol/L after 1-mg DST was used as threshold.
Results 16 patients were CS and 184 non-CS (108 adrenal incidentaloma and 76 excluded CS); 4.5 nmol/L resulted the
calculated threshold. Cortisol after 1-mg DST confirmed high sensitivity (100% at 50 nmol/L cut-off) and moderate—low
specificity (63%, increased to 91% at 138 nmol/L) to diagnose CS in the whole cohort of patients. We could reduce the
number of false-positive results (from 10 to 6 and from 7 to 4 in Al and excluded CS) considering adequate dexamethasone
levels. Dexamethasone levels were not affected by hypercortisolism, age, gender, smoke, weight, and creatinine. 6% of non-
CS patients did not achieve adequate dexamethasone levels (40% of tests with serum cortisol > 138 nmol/L after 1-mg DST).
Conclusions We developed and validated the routine dexamethasone measurement during 1-mg DST?: it is independent from
patient’s clinical presentation, and it should be used to increase the specificity of serum cortisol levels.

Keywords Cushing’s syndrome - Dexamethasone - Liquid chromatography—tandem mass spectrometry - Diagnostic
accuracy

Introduction

Endogenous Cushing’s Syndrome (CS) is due to excessive
and unregulated cortisol secretion [1, 2]. Its signs and symp-
toms are common among patients assessed for hypertension,
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diabetes, obesity, metabolic syndrome, osteoporosis, mood
disorders, and so on [3-5]. However, CS is not frequent
enough to support the use of routine screening in these high-
risk conditions [4, 6, 7]. Moreover, the widespread use of
abdominal scan leads to an increased incidental discovery
of adrenal tumors (termed adrenal incidentaloma, Al) in up
to 8—10% of geriatric patients, thus increasing the number of
subjects to screen for CS, according to guidelines [8, 9]. In
this scenario, diagnostic tests should present both high sen-
sitivity (to discover a rare disease [10]) and high specificity
(to avoid unnecessary and expensive further workup [11]).
The Endocrine Society’s Guidelines recommend to screen
for CS using Late Nigh Salivary Cortisol (LNSC), Urinary
Free Cortisol (UFC) or 1-mg Dexamethasone Suppres-
sion Test (1-mg DST) [1]. The high diagnostic accuracy of
LNSC or UFC is well established [12—-14]. Despite their
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similar sensitivity and specificity [10], fluctuations of corti-
sol production and secretion, measured by sequential LNSC
or UFC, are common in CS [15, 16]. 1-mg DST is widely
adopted in clinical practice: it represents one of the first
choices among screening tests for hypercortisolism, is par-
ticularly useful in night-shift workers, and is considered the
first test to define autonomous cortisol secretion in patients
with AI [8, 9]. Unsuppressed serum cortisol (> 50 nmol/L)
after 1-mg DST should be interpreted as a positive test [1,
10]; however, this cut-off provides a high diagnostic sen-
sitivity and a moderate specificity [17], especially if other
aspects of the hypothalamic—pituitary—adrenal (HPA) axis
are not considered [18]. False-positive tests (especially con-
sidering 50 nmol/L as the cut-off) are a significant matter of
concern, causing a burden to the healthcare system and to
the patients, especially in those with Al. Besides autono-
mous cortisol secretion, the lack of specificity during 1-mg
DST could be due to variable gastrointestinal absorption
of dexamethasone, to its inter-individual differences in the
metabolism, to interfering drugs, to decreased hypotha-
lamic—pituitary sensitivity to glucocorticoids or to impaired
renal function [19, 20]. Few studies investigated the bio-
availability of serum dexamethasone in the routine setting,
suggesting different threshold with different methods (old
immunological assays as well as liquid chromatography with
tandem mass spectrometry, LC-MS/MS) [20-23].

Therefore, our aims are to develop a method suitable for
clinical purposes and to define the minimum level able to
suppress cortisol after 1-mg DST.

Materials and methods
Patients

We considered a consecutive cohort of 200 patients referred
to the Endocrinology Unit of Padova University-Hospital
for suspected hypercortisolism between November 2017 and
April 2019:

e 16 patients with confirmed CS (10 with pituitary-depend-
ent Cushing’s Disease and 6 with cortisol-secreting adre-
nal adenoma). They presented both increased UFC and
LNSC (respectively, > 168 nmol/24 h and > 2.6 nmol/L,
in at least two collections [24, 25]).

e 108 patients with Al, discovered accidentally by abdomi-
nal imaging (computed tomography or magnetic reso-
nance). As previously reported [17], patients with active
malignancies or clear signs/symptoms of overt hyper-
cortisolism (recent-onset easy bruising, facial plethora,
proximal muscle weakness, or reddish purple striae
> 1 cm wide) were excluded, as well as those with pri-
mary aldosteronism or pheochromocytoma.
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e 76 subjects presented with medical conditions suggestive
of hypercortisolism (termed excluded CS).

Normal LNSC and UFC levels (at least two collections)
were used to rule out CS suspicion in all excluded CS and
patients with Al

To develop and validate the threshold, all patients tak-
ing drugs or medications that could affect dexamethasone
bioavailability or metabolism were excluded from the study
[26]. According to STARD (Standards for Reporting Diag-
nostic accuracy studies) criteria, we considered as reference
standard the final diagnosis (CS, Al, or excluded CS) based
on the above-mentioned criteria. The study was performed
in accordance with the guidelines in the Declaration of Hel-
sinki, the study was approved by the Ethics Committee of
Padova University-Hospital, and all patients gave informed
consent.

Serum dexamethasone measurement by LC-MS/MS

Dexamethasone (1 mg/mL), Dexamethasone 21-acetate
(>99% purity, internal standard, IS), and ammonium for-
mate were supplied by Sigma-Aldrich (St. Louis, MO,
USA). Formic acid and zinc sulphate heptahydrate were
obtained from Carlo Erba (MI, Italy). LC-MS grade ace-
tonitrile (Sigma—Aldrich, St. Louis, MO, USA) and Milli-Q
organic free water (Millipore, Bedford, MA, USA) were used
as HPLC solvents and for all solutions. Six-level calibrators
are used for quantification of Dexamethasone (1.0, 2.5, 5.0,
10.0, 25.0 nmol/L). 100 pL of serum samples, calibrator, or
control were added to 50-pL zinc sulphate 0.1 mol/L in a
polypropylene micro-centrifuge tube; then, 250 uL of ace-
tonitrile containing 4 ug/L IS were added. The tube was
then mixed for 30 s. Finally, the tubes were centrifuged for
5 min at 16,600xg; 250 uL of the colourless supernatant was
transferred into an appropriate HPLC vial and diluted with
250 pyL of HPLC-grade water. A Waters UPLC-Acquity H
class system (Milford, Massachusetts, USA) equipped with
a binary pump, a vacuum degasser, auto-sampler, and a
thermostated column compartment was used for chroma-
tographic separation; the injection volume was 35 pL. An
Acquity UPLC HSS C18 (1.8 um; 2.1 X 150 mm; Waters) at
50 °C was used as the analytical column. Solvents A and B
were 5-mM ammonium formate with 0.2% formic acid and
acetonitrile with 0.1% formic acid, respectively. Mass spec-
trometric detection was carried out with a Waters TQD (Mil-
ford, Massachusetts, USA) and triple quadrupole detector
with an electrospray ionization interface (ESI). The eluate
was monitored by MS/MS detection set in multiple-reaction
monitoring (MRM) mode. Hydrogen adducts of each analyte
were used as precursor ions. In the positive-ion mode, two
positive MRM transitions (m/z) were monitored for Dexa-
methasone and a single MRM transition was selected for
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Dexamethasone 21-acetate (IS) using optimized collision
energies and cone voltage, as shown in Table 1. Further
operative parameters were: source gas temperature 150 °C;
desolvation gas temperature 450 °C, desolvation gas flow
800 L/h, cone gas flow 20 L/h, and capillary voltage 1.00 kV.
MassLynx V 4.1 Software (Waters) was used for quantitative
analysis. The assay was validated according to published
acceptance criteria proposed by the Clinical and Labora-
tory Standards Institute (CLSI) [27]. Calibration curves were
linear throughout the selected ranges (1-1000 nmol/L) and,
in all cases (n=10), the correlation coefficients (+*) were
>(0.998. The lower limit of quantification was 1.0 nmol/L
and corresponded to the lowest calibration point. No ion
suppression was observed at the time of elution of either
Dexamethasone or Dexamethasone 21-acetate. This effect
was reproducible following the injection of different patient
samples (n=10) and water. Intra-assay imprecisions for
three serum samples at 2.5, 5.0, and 10.0 nmol/L, repeated
ten times in a single analytical run, were < 3.9%. Inter-assay
CVs for the same three serum samples (repeated ten times
in ten different runs) were <5.3%. The recoveries’ per-
centage range of three serum samples spiked with 2.5, 5.0,
and 10.0 nmol/L of Dexamethasone was 88—107%. All the
obtained performance criteria meet the requirements of the
CLSI method validation guideline [27].

Data and statistical analysis

We have performed Shapiro—Wilk test of normality to
assess data distribution. Dexamethasone levels in the whole
cohort did not present a symmetrically-skewed distribution
(»<0.001); however, considering the three groups, its lev-
els distribution achieved normality only in CS (p=0.073),
remaining non-normal in excluded CS (p =0.008) and in
Al (p<0.001). A normal distribution was reached only in
CS also considering only those tests with adequate dexa-
methasone levels (p =0.244). Therefore, since the majority
of data deviate from normality, we adopted only non-para-
metric tests, and groups were compared by Chi-square test
for categorical variables and by the Wilcoxon rank sum test
for quantitative variables.

We considered an indirect sampling technique, accord-
ing to the CLSI guidelines [28], to select those subjects to

study to calculate the dexamethasone level able to suppress
serum cortisol. We selected only those non-CS patients with
adequate cortisol suppression (<50 nmol/L) after 1-mg
DST. Receiver Operating Curve (ROC) was computed to
study Sensitivity (SE) and Specificity (SP) of serum cortisol
after 1-mg DST. Moreover, we calculated the Likelihood
Ratio (LR), to indicate how much the probability of having
CS increases if the test is positive (LRP®), and how much
this probability decreases if the 1-mg DST test is negative
(LR"®#), according to the Simel method and 95% Confidence
Interval (95% CI) previously reported [29].

Statistical analysis was performed using the SPSS 17
software package (SPSS, Inc, Chicago, IL). The significance
level was set at a p value <0.05 for all the tests.

Results
Cut-off development and clinical picture

We considered 200 patients: 125 were analyzed to calculate
the threshold (up to October 2018), while 75 were consid-
ered in the prospective part of the study (validation cohort).

The retrospective cohort consists in 15 CS and 110 non-
CS patients (66 patients with Al and 44 excluded CS),
considered as a single group of non-CS with normal UFC
and LNSC levels (respectively, median 60 nmol/24 h and
1.4 nmol/L). The 2.5th percentile of dexamethasone level
distribution after 1-mg DST in those non-CS subjects of the
retrospective cohort with adequate (<50 nmol/L) cortisol
suppression was 4.5 nmol/L: it was considered as the thresh-
old. The cut-off has been confirmed also in the prospec-
tive series, considering 2.5th percentile of dexamethasone
distribution in both 114 non-CS patients with suppressed
(<50 nmol/L) serum cortisol after 1-mg DST and in the
whole cohort of 184 non-CS patients, achieving a high SE
(98%). Overall, as reported in Table 2, 94% of patients (187
out of 200 cases) revealed sufficient dexamethasone levels
after 1-mg DST: 115 out of 125 cases (92% of tests) in the
retrospective part of the study, and 96% in the prospective
cohort (72 out of 75 tests).

The 97.5th percentile of dexamethasone distribu-
tion was 27 nmol/L: seven non-CS subjects had serum

Table 1 Multiple-reaction
monitoring transitions and the
related optimized parameters

Ton Time (min) Precursor Fragment Cone volt-  Collision
ion (m/z) ion (m/z) age (V) energies
V)
Dexamethasone (quantifier) 3.20 393 355.2 15 12
Dexamethasone (qualifier) 3.20 393 147.0 15 25
Dexamethasone 21-acetate (IS) 3.58 435 397.1 15 12

IS internal standard, min minutes
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Table 2 Clinical and biochemical results in the considered populations

CS Al Excluded CS
Number of cases 16 108 76
Age (years) 48 (39-64) 67 (60-75) a 61 (50-68)
Gender (male/female; % female) 6/10 (63%) 40/68 (63%) 16/61 (79%)
Patient with adequate dexamethasone levels after 1-mg DST (>4.5 nmol/L) 14 (88%) 103 (95%) 70 (92%)
Dexamethasone (nmol/L, all patients) 11.2 (5.9-23.3) 12.6 (8.3-16.2) 12.4 (7.8-16)
Dexamethasone (nmol/L, patients with sufficient dexamethasone levels) 12.9 (6.4-25.9) 12.8 (8.7-16.3) 12.7 (9-16.3)
Basal morning serum cortisol (nmol/L) 387 (281-424) 384 (298-477) 389 (303-482)
Cortisol after 1-mg DST (nmol/L, all patients) 255 (171-416)° 47 (31-81)° 31 (19-50)
Cortisol after 1-mg DST (nmol/L, patients with sufficient dexamethasone levels) 186 (143-412)° 47 (30-78)° 27 (18-48)
Urinary free cortisol (nmol/24 h) 433 (263-613)° 63 (47-102) 62 (40-94)
Late night salivary cortisol (nmol/L) 5.2 (3-13.5)° 1.6 (1.2-2.2) 1.6 (1.1-2.1)
Weight (kg) 72 (62.3-90) 79 (68-85) 79.5 (61.3-91.5)
Height (cm) 169 (163-174) 162 (154-171) 162 (155-169)
BMI (kg/m?) 263(22.8-31.3)  28.7(27-31-9)  31.8 (25.9-36)
Glucose (nmol/L) 5.4 (5-6.4) 5.7 (5.2-6.3) 5.5(5.1-5.9)
Glycosylated hemoglobin (mmol/mol) 40 (35-49) 41 (38-44) 37 (34-41)d
Creatinine (pmol/L) 78 (66-85) 73 (63-79) 74 (62-89)
Data are presented as median and inter-quartile range or as number and percentage
CS Cushing’s syndrome, A/ adrenal incidentaloma, DST dexamethasone suppression test, BMI body mass index
2p<0.001 vs excluded CS and CS
p <0.001 vs excluded CS and Al
‘p<0.001 vs excluded CS; 4: p<0.05 vs Al
dexamethasone above this level (4 Al and 3 excluded CS), oo I
three presented cortisol after 1-mg DST < 50 nmol/L; three ' * 7
patients with CS presented high dexamethasone concentra- a
tion and unsuppressed cortisol. Other clinical or biochemi- T N
cal data were similar considering patients with dexametha- j: " .
sone levels <27 nmol/L. 2 a0 e Srar

Serum dexamethasone levels were similar among CS, g T

Al, and excluded CS (reported in Fig. 1), and the per- g oo
centage of patients with adequate dexamethasone levels % '
after DST was not different between the three groups E B
(p=0.404). As expected, patients with Al were older than 1997
CS and excluded CS. Overweight was one of the main rea-
sons to refer for suspect hypercortisolism; however, BMI 00 -
levels were similar in the cohort considered. Dexametha- T ' '
sone levels were not related to weight or BMI in the whole Excluded-CS Adrenal Incidentaloma  Cushing’s Syndrome

cohort of patients (p=0.872 and p=0.741), as well as in
CS, Al or in excluded CS (respectively p=0.197, p=0.5
and p=0.277). Considering renal function, dexametha-
sone and creatinine levels were correlated in CS (regres-
sion line y=0.6136x — 34.128; R?=0.5306; p =0.007);
this correlation was not confirmed in Al and excluded CS
(respectively, p=0.78 and 0.661), as well as in the whole
cohort of subjects (p =0.344). According to selection cri-
teria, UFC and LNSC levels were higher in patients with
CS than excluded CS and AI. Gender and active smok-
ing did not affect dexamethasone levels (respectively,
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Fig. 1 Serum dexamethasone levels

p=0.459 and p =0.524), also considering the three groups
of patients.

Dexamethasone levels and diagnostic accuracy

In Table 3, we reported the result of tests according to the
different cut-off levels for CS diagnosis (50 and 138 nmol/L)
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Tgb.le 3 Numb.er of tests Cortisol levels All dexamethasone levels Adequate dexamethasone levels
divided according to serum after 1-mg DST (>4.5 nmol/L)
cortisol levels after 1-mg DST, —
considering all tests collected CS Al Excluded CS Non-CS CS Al Excluded CS Non-CS
(second column) and only those
subjects achieving adequate <50 nmol/L. 0 58 57 115 0 57 54 111
dexamethasone levels (third > 50 nmol/L 16 50 19 69 14 46 16 62
column) 51-138nmol/lL 4 40 12 52 4 40 12 52
<138 nmol/L 4 98 69 137 4 97 66 163
> 138 nmol/L 12 10 7 17 10 6 4 10

CS Cushing’s syndrome, AJ adrenal incidentaloma, non-CS patients without CS (Al+excluded CS), DST

dexamethasone suppression test

and to the dexamethasone level calculated as threshold.
Overall, 11 non-CS patients (5 Al and 6 excluded CS, and
6% of all non-CS cohort) presented insufficient serum dexa-
methasone levels (< 4.5 nmol/L) after 1-mg DST. It is worth
noting that four patients confessed a posteriori that they
did not consume the prescribed oral dexamethasone dose
(and their serum dexamethasone levels were undetectable).
Regarding Al, 4 out of 5 patients revealed unsuppressed
serum cortisol after 1-mg DST (> 138 nmol/L), suggesting
a misleading autonomous cortisol secretion. In four cases (1
Al and 3 excluded CS), serum cortisol after 1-mg DST was
suppressed (<50 nmol/L) despite insufficient dexametha-
sone levels.

Table 4 Diagnostic accuracy of serum cortisol after 1-mg DST in
the whole cohort (CS vs non-CS, the sum of excluded CS and Al,
n=184) and in the considered subgroup of CS vs Al (n=108) and

In the whole cohort, serum cortisol levels were not sup-
pressed < 138 nmol/L in 17 non-CS patients (7 excluded CS
and 10 AI): in 7 cases (41%), their dexamethasone levels
were insufficient. Overt CS was excluded with normal UFC
and LNSC levels, and 1-mg DST was repeated in five cases
(achieving adequate suppression in 3 and sufficient dexa-
methasone levels in 5).

The diagnostic accuracy (SE, SP, LR, and LR"%, in
different groups) of serum cortisol levels after 1-mg DST
was increased if we considered patients with sufficient dexa-
methasone levels (>4.5 nmol/L), as summarized in Table 4.
A significant LRP* value (> 10, depicting the high likeli-
hood to be a CS if the test is positive) was achieved only in

CS vs excluded CS (n=76), considering all 200 tests (all) and dif-
ferentiating those patients achieving adequate dexamethasone levels
(187 cases indicated with “dex”, CS=14, AI=103, non-CS=70)

Serum cortisol  CS vs non-CS (Al +excluded CS) CS vs Al CS vs excluded CS
after 1-mg DST
> 50 nmol/L > 138 nmol/L > 50 nmol/L. > 138 nmol/L > 50 nmol/L > 138 nmol/L
AUCROC_all  0.934 (0.892-0.975) 0.932 (0.881-0.983) 0.937 (0.889-0.985)
AUCROC_dex  0.948 (0.908-0.988) 0.94 (0.889-0.99) 0.96 (0.923-0.998)
SE—all 1 (0.801-1) 0.75 (0.505-0.898) 1 (0.806-1) 0.75 (0.505-0.898) 1 (0.75-1) 0.75 (0.505-0.898)
SE—dex 1(0.785-1) 0.714 (0.453- 1(0.785-1) 0.714 (0.453- 1 (0.785-1) 0.714 (0.453-0.883)
0.883) 0.883)
SP—all 0.625 (0.553- 0.908 (0.857- 0.537 (0.443- 0.907 (0.838- 0.75 (0.642-0.834) 0.908 (0.822-0.954)
0.692) 0.942) 0.628) 0.949)
SP—dex 0.642 (0.568— 0.942 (0.869— 0.553 (0.457- 0.942 (0.879- 0.771 (0.661— 0.943 (0.862-0.978)
0.709) 0.968) 0.646) 0.973) 0.854)
LRP*—all 2.66 (2.213-3.214) 8.118 (4.759— 2.160 (1.763- 8.1 (4.209-15.589) 4 (2.71-5.904) 8.143 (3.806—
13.846) 2.646) 17.419)
LRP%®—dex 2.790 (2.286— 12.357 (6.218- 2.239 (1.806— 12.262 (5.271- 4.375 (2.845- 12.5 (4.564-34.237)
3.406) 24.558) 2.776) 28.523) 6.728)
LR™&—all 0 0.275 (0.118- 0 0.276 (0.118- 0 0.275 (0.117-0.645)
0.644) 0.645)
LR™&—dex 0 0.303 (0.132- 0 0.303 (0.132— 0 0.303 (0.132-0.695)
0.695) 0.695)

95% confidence interval for AUCROC, SE, SP, LRP* and LR"¢ is reported in brackets

SE sensitivity, SP specificity, LRP* positive likelihood ratio, LR"* negative likelihood ratio, CS Cushing’s syndrome, AJ adrenal incidentaloma,
non-CS patients without CS (AI+excluded CS), DST dexamethasone suppression test, AU CROC area under the (roc) curve
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those with adequate dexamethasone levels and considering
138 nmol/L as the threshold for serum cortisol.

Discussion

Since 2008, the Endocrine Society’s Guidelines suggest
to diagnose CS in suspected population using as screening
tests free cortisol measurement (LNSC or UFC, with an
accurate method as mass spectrometry, if available) or total
serum cortisol after overnight suppression test (1-mg DST)
[1]. Some experts proposed simultaneous measurement of
both cortisol and dexamethasone to ensure adequate serum
dexamethasone concentrations, to properly evaluate false-
positive results [1, 20-22]. We considered two collections
of UFC and LNSC to rule out overt CS, because high vari-
ability of cortisol levels is well known in patients with CS
[15, 30], and we have previously validated in an independent
cohort the diagnostic accuracy of our thresholds [24, 25].

We have developed and validated a threshold for serum
dexamethasone measurement during 1-mg DST, in a series
of patients with suspected hypercortisolism (Al and subjects
with clinical features suggestive of cortisol excess). We have
decided, according to CLSI guidelines, to consider an indi-
rect sampling technique to create the cut-off [28], because
our aim was to develop the threshold of serum dexametha-
sone able to suppress serum cortisol in case of suspected
CS. To exclude a diagnostic bias, in all cases, CS was con-
firmed if both LNSC and UFC levels were increased, and the
inclusion criteria of the cohort considered to calculate the
cut-off (non-CS subjects with serum cortisol <50 nmol/L
after 1-mg DST) were similar to another recent work [20].
We calculated a threshold based upon the 2.5th percentile
of dexamethasone distribution in subjects without CS and
adequate cortisol suppression (<50 nmol/L after 1-mg
DST), and then, we validated this cut-off in a prospective
cohort, confirming its diagnostic accuracy, feasible in clini-
cal practice and similar to that recently proposed with simi-
lar method and statistical analyses [20, 31]. Several different
thresholds or reference ranges developed with an LC-MS
method are proposed in the literature [20, 31, 32]; therefore,
an effort to consider a harmonization study between labora-
tories is mandatory.

Besides cut-off validation, the gain in diagnostic accu-
racy achieved with dexamethasone measurement is effec-
tive, especially in specificity, therefore increasing LRP®. A
screening test should be at least as sensitive as possible,
to reduce the number of false-negative results and, there-
fore, misdiagnosis [10]; however, an acceptable specificity
is mandatory [11], at least to reduce unnecessary tests. In
our cohort, only patients with unsuppressed serum cortisol
(> 138 nmol/L) and adequate dexamethasone levels present
a high likelihood to be a CS. The reduced SP in patients with
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Al was not increased considering dexamethasone measure-
ment, probably due to the subtle autonomous cortisol secre-
tion [17]. Nevertheless, up to 40% of inadequate cortisol
suppression after 1-mg DST with the high-specificity cut-off
(138 nmol/L) in patients without CS could be explained with
insufficient dexamethasone levels.

In our series, data regarding dexamethasone levels were
not normally (skewed) distributed and not influenced by age,
gender, smoking, or final diagnosis, suggesting that dexa-
methasone bioavailability is not affected by the patients’ cor-
tisol levels, as previously reported [20]. Also renal function
did not alter dexamethasone metabolism, and the observa-
tion that higher dexamethasone levels have been measured
only in CS patients with high creatinine could be related to
the protein catabolism and sarcopenia, common in hypercor-
tisolism, rather than to chronic kidney disease [33]. There-
fore, 1-mg DST should be used in all cases, irrespective of
their clinical presentation.

Considering recent guidelines proposed by the European
Society of Endocrinology [9], mainly based on the increased
cardiovascular risk and mortality in patients with Al and
autonomous cortisol secretion [34—-36], the critical hormo-
nal test to assess the integrity of HPA axis in patients with
Al is cortisol after 1-mg DST. In our series, FOUR patients
with Al presented unsuppressed serum cortisol levels after
1-mg DST (> 138 nmol/L), without reaching sufficient
dexamethasone levels. Therefore, we excluded autonomous
cortisol secretion on the basis of normal UFC and ACTH
levels, as well as preserved cortisol rhythm (assessed with
LNSC, despite its limited role to define subclinical hyper-
cortisolism in Al [37-39]). The diagnosis of CS among
patients with Al is a matter of concern [8, 40]. We have
decided to define overt CS in case of both UFC and LNSC
increased levels (their diagnostic accuracy for overt CS is
well established [10]), because in the selection criteria, we
did not consider 1-mg DST to define CS, to avoid a selec-
tion bias. Moreover, considering Al and autonomous cortisol
secretion (the so-called subclinical hypercortisolism), serum
cortisol after 1-mg DST could be not adequately suppressed
(<50 nmol/L) or completely unsuppressed (< 138 nmol/L)
in 10-40% of cases [8, 17, 20]; therefore, the role of 1-mg
DST test to define overt CS in patients with Al has yet to
be defined.

Some patients (n=4) presented an unexpected result:
suppressed serum cortisol after 1-mg DST with an insuf-
ficient dexamethasone level. We could speculate that the
glucocorticoid receptor (GR) activity may be at least in
part related to the different clinical behavior of patients
with CS [41], as well as the response of the HPA axis
to dexamethasone. In particular, some polymorphisms of
the GR gene (Bcll, N363S) have been associated in with
an enhanced sensitivity to glucocorticoids and a worse
metabolic or cardiovascular profile (closer to CS) [42-44];
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in such patients, an increased “suppressive” response to
dexamethasone may explain the adequate cortisol suppres-
sion with insufficient dexamethasone levels. Nevertheless,
their adequately suppressed serum cortisol after 1-mg DST
was sufficient to exclude CS diagnosis, which is the first
aim of 1-mg DST. In our series, also two patients with CS
presented low dexamethasone levels after 1-mg DST: their
diagnosis of hypercortisolism has been established upon
increased UFC and LNSC levels; however, their unsup-
pressed serum cortisol may further confuse the final diag-
nosis if 1-mg DST test has been used as the first and single
screening procedure. We encourage that such patients refer
preferentially to dedicated tertiary center, with a proved
expertise in the diagnosis of CS.

Intriguingly, among 11 patients with insufficient dexa-
methasone levels, 4 admitted that they did not consume
dexamethasone the night before cortisol sample, because
they were afraid of “powerful” glucocorticoid. Obviously,
their serum cortisol levels were not suppressed, and it can
be questioned if the patients who did not take the dexa-
methasone tablet should be included in the calculations.
Nevertheless, we could unmask these cases only through
dexamethasone measurement. It is well known that patient’s
compliance is one of the main causes of false-positive or
false-negative results due to pre-analytical errors [45, 46];
however, physicians are encouraged to closely assess the
adherence of patients to the diagnostic pathway proposed.

Beside strengths, our work presents some limitations.
First, the lack of a normal reference range: we did not con-
sider a cohort of healthy subjects recruited for that purpose,
considering that an indirect sampling technique could be
used to create the lower cut-off able to suppress serum cor-
tisol (which is more useful in patients with suspected CS
rather than in normal healthy controls). Dexamethasone
measurement is expensive and not feasible in all laborato-
ries; therefore, a careful cost—benefit balance should be con-
sidered. Dexamethasone could be measured only in patients
that did not suppress serum cortisol after 1-mg DST, albeit
the cost of a repeated test must be considered in this case.
Moreover, mass spectrometry is required to measure dexa-
methasone: in this scenario, only referral center should adopt
this method, to measure also urinary and salivary cortisol,
hence reducing the final cost. Moreover, we have calculated
the cut-off only in patients with adequate cortisol suppres-
sion after 1-mg DST, thus probably affecting the final sen-
sitivity of the test. To conclude, we excluded those patients
taking selected drugs that may interfere with dexametha-
sone metabolism: a dedicated study should be considered to
evaluate the diagnostic accuracy of 1-mg DST test combined
with dexamethasone measurement.

Routine measurement of dexamethasone level is fea-
sible in clinical practice, it is independent from patient’s
clinical presentation, and is able to increase the diagnostic

accuracy of serum cortisol after 1-mg DST for suspected
hypercortisolism.
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