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Abstract

Aim To analyze if the 1mg-dexamethasone suppression test (DST) is a reliable marker of glucocorticoid excess and
cardiometabolic risk in patients with adrenal incidentalomas (Als).

Methods Cross-sectional study of patients with nonfunctioning adrenal incidentalomas (NFAIs, defined by cortisol post-
DST < 1.8 ug/dL) and patients with autonomous cortisol secretion (ACS, defined by cortisol post-DST > 1.8 ug/Dl). The
urinary steroid profile (USP) was determined by gas chromatography coupled to mass spectrometry. Both groups were
matched by sex, age and body mass index.

Results Forty-nine patients with Als (25 with ACS and 24 with NFAI) were included. As a whole, Als showed a high
excretion of P-cortolone, tetrahydro-11-deoxycortisol (THS), a-cortolone, a-cortol, tetrahydrocortisol (THF) and tetra-
hydrocortisone (THE). A positive yet modest correlation between post-DST cortisol and total excretion of glucocorticoid
metabolites (r=0.401, P =0.004) was observed, with the stronger being observed with total THS (r =0.548, P <0.001)
and THF (r=0.441, P =0.002). Some of the metabolites that were elevated in patients with Als, were higher in patients
with ACS-related comorbidities than in those without comorbidities. Post-DST cortisol showed a fair diagnostic accuracy for
the prediction of ACS-related comorbidities (AUC 0.767 [95% CI 0.634-0.882]). However, post-DST diagnostic accuracy
improved when combined with urinary cortisone, a-cortol, THS and serum DHEAS (0.853 [0.712-0.954]).

Conclusion The DST has a positive, but modest, correlation with urinary glucocorticoid excretion. Similarly, the diagnostic
accuracy of the DST for the prediction of ACS-related comorbidities is only fair, but it may be improved if combined with
the results of the USP and serum DHEAS.

Significance statement This is the first study aimed to evaluate if 1mg-dexamethasone suppression test (DST) is a reliable
marker of glucocorticoid excess and cardiometabolic risk in patients with adrenal incidentalomas (Als) and if urinary steroid
profile was measured by GS-MS could improve such a prediction. We found a positive yet modest correlation between post-
DST cortisol and total excretion of glucocorticoid metabolites, with the stronger being observed with total tetrahydro-11-
deoxycortisol (THS) and tetrahydrocortisol. Post-DST cortisol showed a fair diagnostic accuracy for the prediction of
ACS-related comorbidities (AUC 0.767). However, post-DST diagnostic accuracy improved when combined with urinary
cortisone, a-cortol, THS and serum DHEAS (0.853).
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Abbreviation

Als adrenal incidentalomas

ACS autonomous cortisol secretion
BMI body mass index

CvV coefficient of variation

DST dexamethasone suppression test
20a-DHF  20a-dihydrocortisol

20p-DHF  20g-dihydrocortisol

DHEA Dehydroepiandrosterona

FPG fasting plasma glucose

GFR glomerular filtration rate

NFAI non-functioning adrenal incidentalomas
17HP 17-OH-Pregnanolone

5PD 5-Pregnenediol

5PT 5-Pregnenetriol

PD Pregnanediol

PT Pregnanetriol

PTONE  Pregnanetriolone

UFC urinary free cortisol

THF Tetrahydrocortisol

THE Tetrahydrocortisone

THS Tetrahydro-11-deoxycortisol

THA Tetrahydro-11-dehydrocorticosterone

Salfa-THA Sa-Tetrahydro-11-dehydrocorticosterone

THB Tetrahydrocortisone

S5a-THB  Sa-Tetrahydrocorticosterone
THAldo  Tetrahydroaldosterone

THDOC  Tetrahydrodeoxycorticosterone

5 alfa- Sa-Tetrahydrodesoxycorticosterone
THDOC

USP urinary steroid profile

Introduction

Adrenal incidentalomas (Als) are one of the most frequent
reasons for consultation in Endocrinology, and due to the
growing use of imaging techniques, their prevalence has
increased markedly [1]. The prevalence of Als is age-
dependent, ranging from 3% at age 50-10% in adults over
age 70 [2].

Most Als are classified as nonfunctioning adrenal
incidentalomas (NFAIs) or as Als with associated auton-
omous cortisol secretion (ACS) [3]. Both conditions, ACS
and NFAI, have been associated with an increased cardi-
ometabolic risk, including a higher risk of developing
diabetes mellitus, hypertension, obesity, osteoporosis, and
mortality [4-6]. Serum cortisol concentrations after the
1 mg-dexamethasone suppression test (DST) is considered
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the best test to differentiate patients without apparent
glucocorticoid excess [NFAI] and those with subtle
overproduction of glucocorticoid [ACS] [3]. Although
some authors described a linear positive association
between mortality and post-DST cortisol (at values below
200 nmol/L) [6], other studies suggested that the post-DST
cortisol is an unreliable marker of comorbidities in
patients with Als [7, 8]. Thus, other biomarkers such as
urinary steroid profile (USP) could be used to identify
subtle grades of glucocorticoid excess that might associate
increased cardiometabolic risk in patients with Als [9]. To
our best knowledge, no previous study has analyzed if
post-DST cortisol concentrations correlate with USP, in
particular with urinary glucocorticoid excretion as mea-
sured by gas chromatography-mass spectrometry (GC-
MS).

Hence, we here aimed to evaluate if the DST is a reliable
marker of glucocorticoid excess in patients with Als—and
may also predict ACS-related comorbidities—in patients
with Als, and if USP could improve such a prediction.

Material and methods
Patients

This was a cross-sectional study of patients with NFAIs and
patients with Als and ACS. We prospectively enrolled 25
adult patients in each group. These patients were evaluated
at the Endocrine outpatient clinic between November 2019
and January 2020. Both groups were matched by age (5
years old), sex (£10% in frequency in each group) and body
mass index (BMI) (x5 kg/mz). A previous study on this
cohort plus 25 healthy-adrenal controls evaluated differ-
ences in USP between groups [10].

Patients with unilateral and/or bilateral Als 21 cm were
recruited, provided that no exclusion criteria were present.
As described earlier [10], the following exclusion criteria
were applied: i) known diagnosis of hereditary syndromes
associated with adrenal conditions; ii) chronic treatment
with glucocorticoids or drugs that might affect dex-
amethasone metabolism; iii) treatment with oral hormonal
contraceptives; iv) impossibility to collect 24-h urine spe-
cimens and/or creatinine clearance <45 ml/min/1.73 m*
(estimated by the MDRD-4 formula); v) active malignant
disease or overt hormonal hyper or hyposecretory disorders;
vi) Als identified during the extension study of an extra-
adrenal primary cancer [11]; vii) patients with Cushing’s
syndrome; primary aldosteronism; hyperandrogenism;
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pheochromocytoma; or congenital adrenal hyperplasia, viii)
adrenocortical carcinoma; ix) adrenal metastasis from extra-
adrenal tumors; and x) radiological features suspicious for
malignancy (necrosis, irregular margins or tumors larger
than 6 cm without characteristics of typical adenoma or
myelolipoma); and xi) Als not meeting the ACS or NFAI
criteria [11].

The study was approved by Hospital Universitario
Ramén y Cajal’s Ethics Committee (date of approval on
November 12th, 2019, ACTA 374). All participants signed
written informed consent.

Clinical and hormonal evaluation

At inclusion, demographic information (age and sex) and
the presence/absence of ACS-related comorbidities were
registered. We considered as ACS-related comorbidities the
presence of hypertension, type 2 diabetes (T2DM), obesity,
dyslipidemia, cerebrovascular and cardiovascular disease.
Physical examination included BMI, systolic and diastolic
blood pressure. Comorbidities were defined following the
same criteria that we previously described [10].

The hormonal evaluation was based on the determination
of 24h-urinary free cortisol (UFC), catecholamines and
metanephrines concentrations, serum post-DST cortisol
concentrations, DHEA-S,,early morning plasma ACTH
concentrations, late night salivary cortisol concentrations
and serum aldosterone and renin concentrations. Cortisol
was measured in serum and urine by immunochemilumi-
nescence assays in an Architect 12000 Abbott Diagnostics
platform, with an intra-assay coefficient of variation
(CV) < 10%; the reference range was 102-535 nmol/L
(3.7-19.4 pg/dl) for serum cortisol and less than 3862 nmol/
24h (140 pg/24 h) for 24-h urine cortisol. Plasma ACTH
was measured by immunochemiluminescence assays
(Liaison XL, Diasorin), with an intra-assay CVs< 10%,
with a reference range of 1.0-10.7 pmol/L (4.7-48.8) pg/
ml. DHEAS was measured by chemiluminescence assay in
Immulite 2000 Siemens system before March 2020, and
then by Advia Centaur XP Siemens; with intra-assay
CV < 15%. Reference ranges for DHEAS were age- and
sex-specific. Women: 18-24 years 150-3402 ng/ml; 25-34
years 150-2982ng/ml; 35-49 years 150-2582ng/ml;
50-59 years 260-2000 ng/ml; 60-69 years 130-1300 ng/
ml; and 70-79 years 170-900 ng/ml. Men: 20-29 years
2800-6400 ng/ml; 30-39 years 1200-5200 ng/ml; 40-49
years 950-5300 ng/ml; 50-59 years 700-3100 ng/ml;
60-69 years 420-2900ng/ml; and 70-79 years
280-1750 ng/ml. Late night-salivary cortisol was measured
by electroimmunochemiluminescence in a Cobas 6000
Roche autoanalyzer, with an intra-assay CV < 10% and was
considered abnormal if >5.74 ug/dL (158.34 nmol/L).

Table 1 Normal ranges of total urinary steroid metabolites

Total urinary metabolite Reference Interval

(ug/24h)
Androgens

Androsterone 173-4645
Etiocholanolone 216-3242
Precursors of androgens

Dehydroepiandrosterone (DHEA) 10-983
16a-OH-Dehydroepiandrosterone (16aOH-DHEA) 6-510
5-Pregnenediol (SPD) 5-565
5-Pregnenetriol (SPT) 42-930
Mineralocorticoids and precursors
Tetrahydro-11-dehydrocorticosterone (THA) 20-282
Sa-Tetrahydro-11-dehydrocorticosterone (Sa-THA) 12-140
Tetrahydrocorticosterone (THB) 18-333
Sa-Tetrahydrocorticosterone (Sa-THB) 68-553
Tetrahydroaldosterone (THAldo) 13-81
Tetrahydrodeoxicorticosterone (THDOC) 9-197
Sa-Tetrahydrodeoxicorticosterone (Sa-THDOC) 7-170
Precursors of glucocorticoids

Pregnanediol (PD) 60-1650
17-OH-Pregnanolone (17HP) 15-847
Pregnanetriol (PT) 89-1850

Pregnanetriolone (PTONE) <110

Tetrahydro-11-deoxicortisol (THS) 99-870
Glucocorticoids
Cortisol 14-218
6p-OH-Cortisol 8-144
Tetrahydrocortisol (THF) 451-3154
Sa-Tetrahydrocortisol (5a-THF) 165-3719
a-Cortol 78-1867
B-Cortol 199-1297
11p-OH-Androsterone 105-1565
11p-OH-Etiocholanolone 39-481
Cortisone 54-227
Tetrahydrocortisone (THE) 869-5090
a-Cortolone 223-1687
B-Cortolone 199-1410
11-oxo-Etiocolanolone 59-517

Urinary steroid profile

The USP was analyzed both in total and free (unconjugated)
fractions of 24 h urine specimens. The procedures applied
are based on the methodology described by Shackleton
et al. [12, 13]. The reference and internal standards, as well
as other details about the determination of USP, have been
described earlier [14—16]. Gas chromatography-mass spec-
trometry (GC-MS) analyses were performed on a Shimadzu
GCMS-QP2010 Ultra instrument (Kyoto, Japan). The
reference ranges for total steroids are described in Table 1.
The reference range for GC-MS analysis for urinary free
cortisol was 13-64 ug/24h and for free cortisone was
9-80 pg/24 h.
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Adrenal enzyme activity was quantified based on the
calculation of the ratios of the ratios of the different steroid
metabolites.

Data management and statistical analysis

Data were collected and managed using REDCap® elec-
tronic data capture tools hosted at Instituto Ramén y Cajal
de Investigacién Sanitaria (IRYCIS) [17, 18].

Statistical analyses used STATA 15.0. The quantitative
differences between two groups were analyzed by Student’s
. Qualitative differences were analyzed with the y” test and/
or logistic regression. Linear correlations between post-DST
cortisol and USP used Pearson’s correlation coefficient (r).
The diagnostic accuracy of post-DST cortisol, USP and the
combination of post-DST cortisol and USP, was determined
using receiver operating characteristics curve (ROC) ana-
lysis. Statistical significance required a two-tailed p < 0.05.

Results
Patients

Of the 50 patients initially enrolled in the study, 1 patient in
the NFAI group was excluded after a diagnosis of non-
classical congenital adrenal hyperplasia was made during
follow-up. The baseline characteristics of both groups are
described in Table 2 as we have previously described [10].
Although we found a higher prevalence of T2DM in the
group of patients with ACS than NFAI, no differences were
detected in HbAlc and glucose levels since 85.7% of the
patients with diabetes had HbAlc<7% and all of them
were under hypoglycemic treatment.

Urinary glucocorticoid excretion in patients with
NFAI and patients with ACS

When considering all patients with Als as a whole, the
percentages of patients with increased excretion of urinary
steroids were 65.3% for p-cortolone, 55.1% for THS, 53.1%
for a-Cortolone, 28.6% for a-cortol, 24.5% for THF, 20.4%
for THE, 16.3% for 11-oxo-Etiocolanolone, 10.4% for total
cortisol, 10.2% for cortisone, 8.2% for P-cortol and 8.2%
for 11p-OH-Etiocholanolone. Regarding urinary free frac-
tions, 15.7% of patients showed increased UFC and 56.3%
of them showed increased free cortisone levels. The pro-
portion of patients with increased concentrations of these
metabolites was similar in patients with ACS and in patiens
with NFAI, except for p-cortol concentrations that were
more commonly elevated in patients with ACS than in those
with NFAI (16% vs 0%, P =0.041) (Table 3).
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Table 2 Baseline characteristics of patients with NFAI and ACS

VARIABLE NFAI GROUP ACS GROUP P value
(n=24) (n=25)

Age, years 67.4+9.68 70.2+7.83 0.276

Female sex 71% (n=17) 64% (n=16) 0.610

Diabetes 4.22% (n=1) 44% (n=11) 0.001

Hypertension 41.7% (n=10)  84.0% (n=21) 0.002

Number of 2.1+£0.74 2.6+£0.93 0.170

antihypertensive

drugs

Dyslipidemia 50.0% (n=12)  88% (n=22) 0.004

Obesity 25.0% (n=06) 48.0% (n=12) 0.055

Osteoporosis 71% (n=1) 26.7% (n=4) 0.376

(n=47)

Cerebrovascular 42% (n=1) 8% (n=2) 0.576

disease

Cardiovascular 25.0% (n=06) 20.0% (n=15) 0.675

disease

BMI (kg/m?) 28.9+4.37 29.6+5.13 0.626

Systolic blood 139.0+16.29 142.8 £ 19.46 0.468

pressure (mmHg)

Diastolic blood 83.2+£9.18 81.7+13.27 0.651

pressure (mmHg)

Fasting plasma 109.3 +60.05 104.8 £22.74 0.733

glucose (mg/dl)

GFR (ml/min/ 79.0 £ 15.36 79.6£11.52 0.883

1.73m?)

HbAlc (%) 5.8+0.49 6.0+0.81 0.185

LDL-c (mg/dl) 106.5 +28.57 95.9+£37.50 0.543

HDL-c (mg/dl) 54.2 £ 10.60 61.4+18.51 0.251

Triglycerides (mg/ 99.8 +39.88 120.9+83.11 0.265

dl)

DST (ug/dL) 1.3+0.40 4.4+2.56 <0.001

UFC (ug/24 h) 31.5+£15.01 31.7+15.01 0.991

ACTH (pg/mL) 13.7x6.11 9.8+4.87 0.026

DHEAS (ug/dL) 481.6 +382.47 306.7 £239.25 0.112

Bilateral Als 27.3% 28.6% 0.947

Tumor size (mm) 17.9+6.99 17.9+6.99 0.002

ACS autonomous cortisol secretion, Als adrenal incidentalomas, BMI
body mass index, DST dexamethasone suppression test; GFR
glomerular filtration rate, NFAI non-functioning adrenal incidentalo-
mas, UFC urinary free cortisol

Correlation between serum post-DST cortisol
concentrations and urinary glucocorticoid
metabolites

Overall, we did not find any correlation between post-DST
cortisol and the excretion of total glucocorticoids. However,
positive correlations were found between serum post-DST
cortisol levels and urinary THF, THE, cortisol and cortisone
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Table 3 Urinary glucocorticoid profile (total glucocorticoids) of
patients with NFAI and ACS

Total urinary metabolite NFAI ACS group P value
group
Precursors of glucocorticoids
High Pregnanediol (PD) 0% 0% NA
High 17-OH-Pregnanolone 0% 0% NA
(17HP)
High Pregnanetriol (PT) 0% 0% NA
High Pregnanetriolone (PTONE) 4.2% (1)  8.0% (2) 0.576
High Tetrahydro-11- 45.8% 64.0% (16) 0.201
desoxicortisol (THS) an
Glucocorticoids
High Cortisol 12.5% (3) 8.3% (2) 0.637
High 6p-OH-Cortisol 42% (1) 0% 0.302
High Tetrahydrocortisol (THF) 16.7% (4) 32.0% (8) 0.212
High 5a-Tetrahydrocortisol (Sa- 0% 0% NA
THF)
High a-Cortol 20.8% (5) 36.0% (9) 0.240
High p-Cortol 0% 16% (4) 0.041
High 11p-OH-Androsterone 0% 8% (2) 0.157
High 11p-OH-Etiocholanolone 4.2% (1) 12.0% (3) 0.317
High Cortisone 12.5% (3) 8.0% (2) 0.603
High Tetrahydrocortisone (THE) 25% (6) 16% (4) 0.435
High a-Cortolone 45.8% (11) 60% (15)  0.321
High p-Cortolone 62.5% (15) 68.0% (17) 0.686
High 11-oxo-Etiocholanolone 20.8% (5) 12.0% (3) 0.403

ACS autonomous cortisol secretion, NFAI non-functioning adrenal
incidentalomas, NA not applicable

levels. These correlations were stronger in patients with
ACS, whereas some of them lost statistical significance
when NFAI patients were considered separately from those
with ACS (Table 4).

We did find a positive yet modest correlation between
post-DST cortisol levels and total urinary concentrations of
precursors of glucocorticoids. This correlation was due to
the specific metabolite THS. Again, the correlation of serum
post-DST cortisol with urinary THS was stronger in patients
with ACS (r = 0.562; p < 0.004) than in patients with NFAI
(r=0.391; p=0.059) (Table 4).

When we tested the correlations between serum post-
DST cortisol and the activity of the main enzymes
involved in adrenal steroidogenenic pathways, we found a
modest positive correlation between serum post-DST
cortisol and 11f-hydroxylase activity (r=0.387,
P =0.006). The total excretion of precursors of gluco-
corticoids presented a strong correlation with the activity
of 11B-hydroxylase (r=0.711, P<0.001) and with those
of other enzymes involved in the glucocorticoid synthesis
pathway (Table 5).

Association between serum post-DST cortisol and
urinary glucocorticoid excretion with
cardiometabolic comorbidities

Dyslipidemia was more prevalent in patients with increased
urinary THS levels than in those showing normal THS
levels (81.5% vs. 54.6%, respectively, P =0.042). Also,
patients presenting with increased urinary total cortisol
excretion showed a larger prevalence of diabetes compared
with patients with normal urinary total cortisol excretion
(60.0% vs. 18%, respectively, P =0.037). No other differ-
ences were observed in the prevalence of comorbidities
according to USP.

We found that some of the metabolites usually elevated
in patients with Als (THS and cortisone) were also
increased in patients with ACS-related comorbidities com-
pared with those lacking these comorbidities (Table 6). In
addition, serum post-DST cortisol levels were higher in the
group of patients with comorbidities than in those without
any comorbidity (3.3 +£2.55 vs. 1.5+0.75 pg/dL, respec-
tively, P =0.001). Patients with comorbidities were older
than those without them (71.0+7.92 vs. 60.3+6.96,
P <0.001). However, no statistically significant correlation
was observed between age and the excretion of total glu-
cocorticoids (data not shown).

Among the single analytes studied here, serum post-DST
cortisol concentrations showed the best diagnostic accuracy
for the prediction of ACS-related comorbidities (AUC
0.767 [95CT 0.634-0.882]), followed by urinary cortisone
(AUC 0.671 [95CI 0.525-0.801]) and THS (AUC 0.622
[95CI 0.462-0.748]). However, the combination of serum
post-DST cortisol concentrations with urinary cortisone, a-
cortol and THS had the highest diagnostic accuracy for the
diagnosis of ACS-related comorbidities (AUC 0.813 [95CI
0.680-0.912]), although no statistically significant differ-
ences were found between the areas under the ROC curves
of both models (P =0.291) (Fig. 1). The AUC-ROC when
DHEAS levels were included in the model increased to
0.853 [0.712-0.954].

Discussion

The main findings of this study were the following: i) both,
ACS and NFAI were characterized by a high urinary
excretion of some glucocorticoid metabolites, although a
high b-cortol excretion was more frequent in patients with
ACS but not in patients with NFAI; ii) serum post-DST
cortisol concentrations and glucocorticoid excretion pre-
sented modest positive correlations; iii) some of the meta-
bolites that are usually elevated in patients with Als were
higher in patients with ACS-related comorbidities than in
those without comorbidities; and iv) the diagnostic accuracy
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Table 4 Correlation between

. .. . Total urinary metabolite
urinary glucocorticoid excretion

r [and p value] with DST r [and p value] with

r [and p value] with

and DST

in all Als

DST in ACS

DST in NFAI

Total precursors of
glucocorticoids

Pregnanediol (PD)

17-OH-Pregnanolone
(17HP)

Pregnanetriol (PT)
Pregnanetriolone (PTONE)

Tetrahydro-11-
desoxicortisol (THS)

Total Glucocorticoids
Cortisol

6p-OH-Cortisol
Tetrahydrocortisol (THF)

Sa-Tetrahydrocortisol (5a-
THF)

a-Cortol

p-Cortol
11B-OH-Androsterone
11B-OH-Etiocholanolone
Cortisone
Tetrahydrocortisone (THE)
a-Cortolone

p-Cortolone

11-oxo-Etiocholanolone

0.401 [0.004]

—0.043 [0.771]
0.081 [0.578]

—0.113 [0.439]
0.027 [0.771]
0.548 [<0.001]

0.206 [0.155]
0.282 [0.050]
0.172 [0.238]
0.441 [0.002]
—0.116 [0.426]

0.089 [0.545]
0.181 [0.214]
0.106 [0.468]
0.100 [0.516]
0.286 [0.047]
0.271 [0.060]
—0.003 [0.982]
—0.001 [0.995]
0.025 [0.865]

0.328 [0.109]

—0.218 [0.296]
—0.012 [0.956]

—0.032 [0.118]
—0.134 [0.524]
0.562 [0.004]

0.205 [0.326]
0.518 [0.008]
0.293 [0.155]
0.524 [0.008]
—0.191 [0.361]

~0.010 [0.646]
0.030 [0.890]
—0.041 [0.844]
—0.144 [0.493]
0.454 [0.023]
0.490 [0.013]
—0.089 [0.677]
—0.086 [0.682]
0.086 [0.682]

0.390 [0.060]

0.067 [0.756]
0.267 [0.207]

0.181 [0.398]
—0.090 [0.682]
0.391 [0.059]

0.015 [0.944]
0.334 [0.111]
0.255 [0.229]
0.006 [0.977]
—0.161 [0.455]

~0.025 [0.908]
0.026 [0.906]
~0.209 [0.327]
0.241 [0.259]
0.214 [0.314]
0.045 [0.836]
0.057 [0.797]
0.056 [0.797]
0.133 [0.535]

of serum post-DST cortisol concentrations increased from
0.77 when used as a single test, to 0.81 when combined
with urinary cortisone, a-cortol and THS levels.

The urinary excretion pattern observed in patients with
Als revealed a large percentage of patients with elevated
THS, a metabolite of 11-deoxycortisol—which is the
immediate precursor of cortisol synthesis—and also large
percentages of patients showing elevations of the most
abundant inactive cortisol catabolites (THFs, THE, cortols
and cortolones). This is in contrast with a lower proportion
of patients presenting with elevated total cortisol excretion.

Overall, the observed pattern suggests an activation in
both the synthesis and catabolism of cortisol. This is further
supported by the ratios of steroid precursors that may
indicate an increase in the activities of the main enzymes
involved in  cortisol  synthesis  (21-hydroxylase,
11p-hydroxylase and 3p-hydroxysteroid dehydrogenase).
These findings are in accordance with the reports of other
authors [19, 20] suggesting that both ACS and NFAI
associate excessive glucocorticoid excretion. Hence, these
results further supports, a change in the current terminology
of “non-functioning adrenal incidentaloma”, i.e. to “Adre-
nal Lesions of Undetermined Secretion of Adrenal Steroids”
as we have recently proposed [21].
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Of note, we did not observe a different USP in patients
with NFAI compared to those with ACS, although in the
latter the proportion of patients with elevation of the dif-
ferent metabolites was generally larger. f-cortol was the only
metabolite that was excreted in excess more frequently in
patients with ACS compared with NFAI patients. Although
this may only reflect a higher glucocorticoid excretion of
ACS patients, further studies should define whether this is a
specific finding of ACS among patients with Als. The
applicability of the USP is not limited to the evaluation of
glucocorticoid excess in Als, as it has been also described as
a useful tool to differentiate being and malignant adrenal
tumors [22], to predict adrenocortical carcinoma recurrence,
for subtyping unilateral and bilateral forms of primary
aldosteronism, and could predict the outcomes of surgical
treatment of primary aldosteronism [9].

Overall, positive correlations were found between serum
post-DST cortisol concentrations and 11p-hydroxylase
activity, and between DST and the total excretion of pre-
cursors of glucocorticoids, although these correlations were
modest with correlation coefficients around 0.4 (the stron-
ger correlations were observed with total THS and THF).

However, the correlations between serum post-DST
cortisol concentrations and metabolites in the USP lost
statistical significance in patients with NFAI, suggesting
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Table 5 Correlations between enzymatic activities and DST, total glucocorticoid and metabolites glucocorticoid excretion

Total precursors of GC excretion

Total GC excretion

DST

Enzymatic activity [ratio]

=0.001]

r=0.453 [P

0.955]
0.792]

—_0.008 [P=
~0.040 [P

r=0.114 [P =0.437]

F=0.103 [P =0.483]

r

0.684]
0.006]
0.092]

0.060 [P =

r

21-hydroxylase [PT/(THE + THF + SaTHF)]

r=0.717 [P <0.001]

r

0.387 [P=

r

11p-hydroxylase [THS/(THE + THF + 5aTHF)

0.708]

0.0012]
0.371]

—0.055 [P

r=0.437 [P
r=0.131 [P

r

0.244 [P=

r

170-hydroxylase [(THA + SaTHA + THB + 5aTHB)/(THE + THF + 5aTHF)

3p-hydroxysteroid dehydrogenase [SPT/(THE + THF + 5aTHF)

Sa-reductase [THF/5SaTHF]

0.366]
0.761]

—-0.132 [P =

—0.045 [P

r

—0.037 [P =0.800]

r

r

that glucocorticoid excess in them was not enough to be
detected by serum post-DST cortisol concentrations in this
group of patients. In other words, serum post-DST cortisol
concentrations might not be sensitive enough to detect
subtle glucocorticoid excess in these Als. Thus, other bio-
markers such as USP could help for the proper hormonal
classification of Als [9]. In this way, our results suggest that
the USP may be a useful and more precise tool to char-
acterize the hormonal status of glucocorticoid pathway in
patients with Als. Nevertheless, the most important limita-
tion of the USP is that it is not easily accessible in most
centers, limiting its application for the routine evaluation of
patients with Als.

In this way, other studies proposed that the USP may be
useful for the measurement of steroid hormones and meta-
bolites which could be used as biomarkers for the early
diagnosis of hypercortisolism [10, 20, 23, 24]. Moreover, it
is known that serum post-DST cortisol concentrations have
other limitations, including frequent false positives in
patients with physiological or non-neoplastic hypercortiso-
lism caused by conditions like alcoholism, obesity, insulin
resistance and neuropsychiatric disorders [25], and condi-
tions that cause alterations in the levels of cortisol binding
globulin such as pregnancy, used of estrogens or even
nephrotic syndrome, that may lead to spurious results [26].
In addition, CYP3A4 inducers or CYP3A4 inhibitors may
decrease or increase the clearance of dexamethasone, risk-
ing false positive or negative results, respectively [27].
Thus, it is possible that all these factors explain why the
correlation between serum post-DST cortisol concentrations
and glucocorticoid excretion was only modest.

We observed that some of the metabolites that are
usually elevated in patients with Als—particularly THS
and cortisone—were also higher in patients with ACS-
related comorbidities than in those without comorbidities.
As far as our knowledge goes, no other authors have
evaluated the USP of patients with Als according to the
presence of not of comorbidities. Nevertheless, one recent
study developed an LC-MS/MS method, that permitted
the simultaneous quantification of thirteen steroid hor-
mones in human serum, for the identification of patients
with type 2 diabetes mellitus. These authors found that
serum concentrations of 18-hydroxycortisol and cortisol
were significantly increased in the patients with type 2
diabetes compared with a healthy control group, while
corticosterone was significantly decreased [28]. The
higher levels of cortisone in patients with comorbidities
may be related to the differential regulation of 118HSD
enzymes in regulating the peripheral interconversion
between cortisone and cortisol in patients with type 2
diabetes and/or obesity compared with those without them
[28]. However, the expected finding would be increased
levels of cortisol and decreased levels of cortisone in
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Table 6 Glucocorticoid
excretion in patients with ACS-
related comorbidities and
without them

Total urinary metabolite ACS-related comorbidities No comorbidities P value
Baseline characteristics
Age 71.0+£7.92 60.3 £6.96 0.001
Female sex 69.2% (27) 60% (6) 0.579
DST (ug/dL) 3.3+£2.55 1.5+£0.75 0.001
Precursors of glucocorticoids
Tetrahydro-11-deoxicortisol (THS) 1213.67 £ 879.96 818 £570.66 0.033
Glucocorticoids
Cortisol 151.3+£95.30 117.1 +£41.95 0.100
6p-OH-Cortisol 55.8+34.10 55.3+23.02 0.960
Tetrahydrocortisol (THF) 2452.6 +1231.86 2033.9 £599.83 0.136
Sa-Tetrahydrocortisol (Sa-THF) 1334.5 £740.27 1262.4 £1079.43 0.845
a-Cortol 1650.6 £ 924.09 1175.7 £ 688.48 0.088
B-Cortol 835.9+417.17 775.6 £321.17 0.626
11p-OH-Etiocholanolone 242.9+177.30 223.2+141.86 0.715
Cortisone 166.1 £93.21 120.8 £37.01 0.022
Tetrahydrocortisone (THE) 4111.9+£1627.12 42972 £1215.61 0.695
a-Cortolone 1917.5 £766.56 1712.4 £703.97 0.432
B-Cortolone 1905.7 £762.25 1700.5 £705.47 0.432
11-oxo-Etiocholanolone 371.5+251.70 325.6 +224.70 0.582

Fig. 1 Diagnostic accuracy of

DST ALONE

DST IN COMBINATION WITH USP

the dexamethasone 1.004 1.004

suppression test alone and in

combination with the USP for s U i B9

the prediction of ACS-related Z >

comorbidities. AUC area under 2 0501 2 050

the ROC curve, DST (%] o (%] oo 2

dexamethasone suppression test, ’ ’

USP urinary steroid profile 0.00-1 ‘ | ‘ ‘ 0.00-1 ‘ ‘ |
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.75 1.00

1 - Specificity

patients with these comorbidities because the active glu-
cocorticoid in humans is cortisol, and not cortisone.
Nevertheless, another study suggested that an enhanced
glucocorticoid sensitivity, due to a sensitizing variant of
the glucocorticoid receptor gene, is associated with a
worse glucometabolic and lipid profile in patients with
type 2 diabetes [29]. Thus, the different sensitivity to
glucocorticoids in these patients might explain the worst
cardiometabolic profile despite lower levels of cortisone.

Moreover, age is another factor that should be considered
when evaluating the USP of patients with and without
comorbidities, because an age-related increased 11p-HSD1
activity has been identified in human osteoblasts, skin
dermal fibroblasts, the hippocampus, and brown adipose
tissue [30]. In fact, as it would be expected, we found that
patients with comorbidities were at least ten years older than
those without ACS-related comorbidities; however, because
age and the excretion of total glucocorticoids did not cor-
relate in our series, we may speculate that alterations of the

@ Springer

0.50
1 - Specificity

USP are more likely to be related to cardiometabolic risk
than with older age.

Regarding the diagnostic accuracy of serum post-DST
cortisol concentrations and the USP for the prediction of
comorbidities, we found that the former showed a fair
diagnostic accuracy for the prediction of ACS-related
comorbidities, with an AUC of 0.77. The diagnostic accu-
racy turned to good (the AUC increased to 0.81) when
serum post-DST cortisol concentrations were combined with
urinary cortisone, a-cortisol and THS concentrations. In the
same line, Morelli et al. [31] determined the cutoffs of the
parameters of cortisol secretion and peripheral activation for
predicting the presence of or of not of hypertension, type 2
diabetes, and fractures in 206 postmenopausal females
without adrenal tumors. They found that the presence of
serum post-DST cortisol concentrations >0.9 ug/dL plus a
ratio between 24-h urinary free cortisol and cortisone
>0.17 showed 82.1% specificity for predicting the presence
of >1 comorbidities. In the same line, several studies have
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reported a higher cardiometabolic risk, including a greater
rate of mortality, in patients with serum post-DST cortisol
concentrations above 1.8 ug/dL. compared to patients with
levels below this threshold [5, 6, 32].

In contrast with our present study, where DST was a fair
test for the prediction of ACS-related comorbidities, we
recently found in a different study that the AUC of the serum
post-DST cortisol concentrations for the prediction of ACS-
related comorbidities was actually poor, with an AUC of 0.58
[8]. These discrepancies were probably related to the different
design of the study: the earlier report was a multicenter ret-
rospective study, and although treatment with drugs that affect
dexamethasone metabolism was also considered an exclusion
criterion, we cannot ensure that there were no other conditions
that could affect dexamethasone levels such as patient com-
pliance with the ingestion of the drug, or individual differ-
ences in the intestinal absorption and hepatic metabolism of
dexamethasone [33].

However, one of the most important findings of our
present research is that the addition of USP results to serum
post-DST cortisol concentrations significantly improved the
diagnostic accuracy of the latter to detect ACS-related
comorbidities. Thus, these results suggest that USP is not
only useful for the differential diagnosis of benign and
malignant adrenal tumors [34, 35] and as an earlier marker
of ACS [10, 20], but also for subtyping those Als with
higher cardiometabolic risk.

Despite the novelty of our study, we are aware of several
limitations. First, we did not measure serum dexamethasone
levels at the time of the DST. Thus, it is possible that serum
post-DST cortisol concentrations were falsely elevated in
some patients. Moreover, with the design of this study, we
could not demonstrate the directionality of the association
between the observed changes in the USP and comorbid-
ities. Therefore, it would be desirable to perform pro-
spective studies analyzing if the changes in the USP are also
associated with a higher risk of developing ACS-related
comorbidities during follow-up.

Conclusion

The DST shows positive, but modest, correlations with
urinary glucocorticoid excretion. On the other hand, the
diagnostic accuracy of the DST for the prediction of ACS-
related comorbidities is fair but may be improved when
combined with the results of the USP and DHEAS.
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