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Autonom kortisolsekretion

”Vanligt endokrint tillstånd som medför en betydande risk att dö i förtid”



Agenda

• Bakgrund
• Definition och diagnostik av autonom kortisolsekretion (ACS)
• Mortalitet vid ACS
• Behandling
• Take home message



Ref: Shamma, Goddard, and Sommers 1958; Hedeland, Ostberg, and Hokfelt 1968 



Ref: *Guerrisi, Marin, Baski, Guerrisi, Capozza, and Catalano - (2013). CC BY 4.0. Newell-Price and Grossman 1996

*



Prevalens och etiologi av binjureincidentalom

∼5 % av den vuxna befolkningen, kvinnor>män
∼80-90 % barkadenom

∼ 20-45 % autonom kortisolsekretion
∼ 2 % primär aldosteronism

• Ingen risk för malign transformation
• Låg risk för utveckling av overt Cushings syndrom

Ref: Fassnacht et al. 2016; Bovio et al. 2006; Song, Chaudhry, and Mayo-Smith 2008; Elhassan et al. 2019; Kjellbom et al. 2021 



Definition
Subkliniskt Cushings syndrom – Subklinisk hyperkortisolism

Autonom kortisolsekretion (ACS) – Mild autonom kortisolsekretion (MACS)

European Society of Endocrinology, guidelines 2016

• 1-mg dexametasonhämningstest (DST)
p-kortisol:
<50 nmol/L utesluter ACS
50-137 nmol/L ”möjlig ACS”
≥138 nmol/L ACS

• + ev annat diagnostiskt test

Ref: Fassnacht et al. 2016 



Diagnostik

• 1-mg dexametasonhämningstest
• Salivkortisol vid midnatt
• Urinkortisol
• Lågt basalt ACTH
• DHEAS
• (Steroidprofil)



Dexametasonhämningstest (DST)

Ref: Liddle 1960; Wood et al. 1997; Ceccato et al. 2020; Ueland et al. 2017; Genere et al. 2021 

Dexametason
─

─

1-mg DST

Felkällor t ex
• Läkemedel
• Inducerar CYP3A3
• Östrogenbehandling

• Polymorfism i CYP3A3



Salivkortisol vid midnatt

Ref: * Palmieri et al. 2018; Bäcklund et al. 2020 
*
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Abstract
Background and aim Impaired cortisol rhythm is a char-
acteristic feature of Cushing’s Syndrome, nevertheless late
night salivary cortisol (LNSC) is not suitable to detect
subclinical hypercortisolism in patients with adrenal inci-
dentaloma (AI). We studied daily salivary cortisol (F) and
cortisone (E) rhythm in patients with AI.
Materials and methods Six saliva samples were collected
from awakening to night in 106 patients with AI and 40
controls. F and E were measured with LC-MS/MS and daily
F exposure was calculated with the area under the curve
(AUC).
Results Patients with serum cortisol after dexamethasone
suppression test (DST)> 50 nmol/L showed higher morn-
ing F (15.5 ± 14.5 vs. 8.6± 5.5 nmol/L, p= 0.001), sup-
pressed corticotropin levels (76 vs. 35%, p< 0.001) and
increased daily F exposure (3795 ± 1716 vs. 2898± 1478,
p= 0.012), especially in the morning (2035 ± 1267 vs.
1365± 777, p= 0.003), otherwise LNSC levels were
similar. Salivary E and AUC levels were higher in patients
with DST> 50 nmol/L. AUC was not correlated with
urinary cortisol levels or adenoma size. F and E levels were

similar among patients with unilateral or bilateral adenoma,
or considering the presence of hypertension, dyslipidemia,
diabetes, or cardiovascular events.
Conclusion Daily cortisol exposure, evaluated with AUC
from multiple saliva collections, is increased in AI patients
with serum cortisol> 50 nmol/L after DST, especially in the
morning, leading to reduced corticotropin levels. Cortisol
rhythm is preserved in patients with AI, remarking that
LNSC is not a screening test for subclinical
hypercortisolism.

Keywords Salivary cortisol rhythm ! Salivary cortisone !

Adrenal incidentaloma ! Subclinical hypercortisolism !

Cardiovascular events

Introduction

Adrenal incidentaloma (AI) is a common !nding in clinical
practice, with a prevalence up to 6–8%. After the exclusion
of overt Cushing’s Syndrome, about 10–20% of patients
with AI may present with autonomous cortisol (F) secretion,
the so-called subclinical hypercortisolism (SH) [1, 2]. The
diagnosis of SH is still a challenge, because the accuracy of
the commonly proposed hormonal markers of hypercorti-
solism is debatable in this condition of subtle F excess,
therefore the speci!city is reduced and the number of false
positive results is increased [3]. A recent Position Statement
suggests to use 1-mg dexamethasone suppression test
(DST) to de!ne autonomous F secretion, which is estab-
lished if serum levels are > 138 nmol/L. In case of non-
optimal F suppression (50–138 nmol/L), SH is de!ned with
another impaired parameter of hypothalamic-pituitary-
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F is converted to inactive E in salivary glands by 11!-
HSD type 2 [32]: salivary E closely re!ects free serum F
[33], and should be used not only in research setting but
also in routine clinical practice assessment. Recently, sali-
vary E levels have been indicated as more accurate than F,
especially during glucocorticoid treatment [11, 34]. More-
over, salivary E has been recently suggested to discriminate
between healthy subjects and patients with AI [35], espe-
cially after DST. We observed that E measurement is higher
in the night in patients with inadequate cortisol suppression
after DST and in SH. Nevertheless, E is not suitable as a
marker of SH, and further studies are needed to validate the
role of E in the physiology of the HPA axis. At the best of
our knowledge, E levels could be used not only to exclude
oral contaminations [36], but also to explain a poor mental
health in patients with Cushing’s Syndrome that achieved a
stable remission [37]. In our study we suggest that salivary
E levels could be used to con"rm F rhythm, despite

autonomous F secretion in patients with AI: the pro"le of
salivary E was higher in patients without adequate F
secretion, as that of salivary F. We could speculate that the
high amount of E is secondary to both increased F pro-
duction (in adrenal) and conversion (F!E) in the salivary
glands. To conclude, the exact activity of 11-!-HSD
enzymes in patients with cortisol-related disorders is far to
be completely understood, since it is well known that F
stimulates the 11-!-HSD1 expression and activity [38], but
lack of increase of 11-!-HSD1 expression in endogenous
Cushing’s Syndrome could suggest its downregulation as a
result of long-term hypercortisolism [39].

We demonstrated for the "rst time, in more than 100
patients with AI, that F rhythm is not impaired also in
subjects with autonomous F secretion and cortisol-related
comorbidities. Despite strengths, our study present some
limitations. First, the retrospective-observational design of
the study. Moreover, we did not observe an increased

Table 4 Diagnostic accuracy of salivary F and E

1-mg DST ! 50 nmol/L vs. >50 nmol/L Non functioning AI vs. subclinical hypercortisolism

Cut-off AUC (95% CI) SE (%) SP (%) Cut-off AUC (95% CI) SE (%) SP (%)

F1 (07:00–08:00 a.m.) >8.7 nmol/L 0.69 (0.584–0.796) 74.4 64.9 >9.9 nmol/L 0.541 (0.397–0.685) 54.5 56

E1 >27.4 nmol/L 0.645 (0.531–0.759) 58.1 57.4 >29.8 nmol/L 0.521 (0.372–0.670) 54.5 63

F6 (22:30–23:30 a.m.) >0.95 nmol/L 0.639 (0.531–0.747) 62.8 56.1 >1.1 nmol/L 0.706 (0.593–0.818) 68.2 60.7

E6 >5.9 nmol/L 0.664 (0.554–0.775) 69 53.7 >6.5 nmol/L 0.719 (0.595–0.843) 76.2 63

SalAUC F1!F6 >2976 0.71 (0.608–0.812) 65.1 66.7 >2976 0.627 (0.506–0.748) 63.6 58.3

SalAUC E1!E6 >12,534 0.694 (0.59–0.799) 72.1 66.7 >13,012 0.673 (0.553–0.794) 72.7 61.7

CI con"dence interval, SE sensitivity, SP speci"city
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Fig. 1 Salivary cortisol (panel a) and cortisone (panel b) rhythm in
patients divided by results of serum cortisol levels after 1-mg DST ( !
50 nmol/L n= 60; >50 nmol/L n= 46). Data are shown as mean and
standard error. *p< 0.05; **p< 0.01. Saliva samples: #1 before

breakfast, 07:00–08:00 a.m.; #2 09:00–10:00 a.m.; #3 before lunch,
12:30–13:30 a.m.; #4 between 14:30–15:30 a.m.; #5 before dinner,
18:30–19:30 a.m.; #6 at awakening, 22:30–23:30 a.m.
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24h-Urinkortisol

Ref: Prete et al. 2022 

Appendix Table 5. Clinical Characteristics of ENSAT EURINE-ACT Study Participants With Unilateral Versus Bilateral Benign
Adrenocortical Tumors*

Characteristic NFAT ! MACS (n = 1240) NFAT Only (n = 649) MACS Only (n = 591)

Unilateral Tumors
(n = 955)

Bilateral Tumors
(n = 285)

Unilateral Tumors
(n = 542)

Bilateral Tumors
(n = 107)

Unilateral Tumors
(n = 413)

Bilateral Tumors
(n = 178)

Women, n (%) 631 (66.1) 190 (66.7) 350 (64.6) 66 (61.7) 281 (68.0) 124 (69.7)
Median age (IQR), y 61 (52–67) 60 (54–68) 59 (50–65) 58 (53–65) 64 (56–71) 62 (55–70)
Median BMI (IQR), kg/m2 29.2 (25.3–33.7) 28.7 (25.4–33.0) 29.6 (25.8–34.1) 28.7 (25.9–33.4) 28.9 (24.7–33.1) 28.7 (25.4–32.4)
BMI category, n (%)
Lean (BMI <25 kg/m2) 216 (22.6) 61 (21.4) 108 (19.9) 21 (19.6) 108 (26.2) 40 (22.5)
Overweight (BMI of 25–30 kg/m2) 294 (30.8) 109 (38.2) 163 (30.1) 39 (36.4) 131 (31.7) 70 (39.3)
Obesity (BMI !30 kg/m2) 420 (44.0) 113 (39.6) 249 (45.9) 47 (43.9) 171 (41.4) 66 (37.1)

Median maximum tumor diameter (IQR),
mm†

25 (18–35) 29 (20–37) 21 (15–30) 23 (18–30) 30 (23–40) 30 (24–40)

Median serum cortisol on 1mg-DST (IQR),
nmol/L

45 (31–75) 62 (41–100) 33 (27–40) 34 (29–43) 83 (63–135) 85 (65–134)

Median plasma ACTH (IQR), pmol/L 2.64 (1.54–4.18) 2.02 (1.29–3.51) 3.07 (2.02–4.89) 2.42 (1.56–4.73) 2.01 (1.15–3.26) 1.83 (1.20–3.00)
Median serum DHEAS (IQR), mmol/L 1.44 (0.73–2.81) 1.39 (0.79–2.61) 1.90 (0.97–3.42) 1.90 (1.11–2.84) 1.02 (0.51–2.08) 1.17 (0.68–2.05)
Median 24-hour UFC (IQR), nmol 127 (58–204) 174 (86–254) 124 (63–196) 177 (83–257) 127 (55–213) 168 (94–246)
Hypertension, n (%) 649 (67.9) 213 (74.7) 3413 (63.3) 73 (68.2) 306 (74.1) 140 (78.7)
Unadjusted PR (95% CI) 1.10 (1.01–1.19) 1.08 (0.93–1.25) 1.06 (0.96–1.17)
aPR (95% CI) 1.08 (1.00–1.17) 1.06 (0.92-1.22) 1.07 (0.98–1.17)

Treatment with !3 antihypertensives, n (%)‡ 228 (35.2) 92 (43.4) 115 (33.5) 27 (37.7) 113 (37.1) 65 (46.4)
Unadjusted PR (95% CI) 1.23 (1.02–1.49) 1.12 (0.80–1.57) 1.25 (0.98–1.59)
aPR (95% CI) 1.28 (1.06–1.55) 1.21 (0.87–1.69) 1.28 (1.01–1.62)

Dysglycemia, n (%) 475 (49.7) 166 (58.3) 262 (48.4) 58 (54.7) 212 (51.4) 108 (60.4)
Unadjusted PR (95% CI) 1.17 (1.03–1.34) 1.28 (0.91–1.39) 1.17 (0.99–1.39)
aPR (95% CI) 1.15 (1.02–1.31) 1.09 (0.89–1.34) 1.20 (1.01–1.41)

Type 2 diabetes, n (%) 283 (29.6) 81 (28.3) 146 (26.9) 26 (24.0) 137 (33.3) 55 (30.8)
Unadjusted PR (95% CI) 0.95 (0.76–1.19) 0.89 (0.59–1.35) 0.92 (0.70–1.22)
aPR (95% CI) 0.94 (0.76–1.16) 0.86 (0.58–1.28) 0.95 (0.73–1.24)

Insulin treatment, n (%)§ 68 (23.9) 14 (17.7) 27 (18.9) 1 (5.8) 40 (29.1) 13 (23.3)
Unadjusted PR (95% CI) 0.74 (0.42–1.30) 0.29 (0.05–1.79) 0.80 (0.45–1.44)
aPR (95% CI) 0.75 (0.43–1.30) 0.32 (0.05–1.91) 0.82 (0.46–1.47)

Dyslipidemia, n (%) 303 (31.7) 95 (33.6) 155 (28.5) 32 (30.4) 148 (35.9) 63 (35.4)
Unadjusted PR (95% CI) 1.06 (0.87–1.28) 1.06 (0.77–1.46) 0.99 (0.78–1.25)
aPR (95% CI) 1.04 (0.86"1.25) 1.02 (0.75"1.39) 1.01 (0.80–1.28)

1mg-DST = 1-mg overnight dexamethasone suppression test; ACTH = adrenocorticotropic hormone; aPR = adjusted prevalence ratio; BMI = body
mass index; DHEAS = dehydroepiandrosterone sulfate; ENSAT = European Network for the Study of Adrenal Tumours; EURINE-ACT = Evaluation
of Urine Steroid Metabolomics in the Differential Diagnosis of Adrenocortical Tumours; MACS = mild autonomous cortisol secretion; NFAT = non-
functioning adrenal tumor; PR = prevalence ratio; UFC = urinary free cortisol.
* Persons with Cushing syndrome were excluded from the analysis because of their low number (n = 65). The analysis of cardiometabolic outcomes
was based on a Poisson regression model (unilateral tumors used as the reference); aPRs were adjusted for age, sex, and BMI. Missing cardiometa-
bolic outcome data were replaced via multiple imputation using chained equations with age, sex, and BMI as covariates. Imputations for treatment
with 3 or more antihypertensives, type 2 diabetes, and insulin treatment were conditional to participants with hypertension, dysglycemia, and type
2 diabetes, respectively.
† For bilateral tumors, the maximum diameter of the larger adrenal mass was considered.
‡ Considering only participants with a diagnosis of hypertension.
§ Considering only participants with a diagnosis of type 2 diabetes.
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cardiovascular risk assessment at the time of adrenal tu-
mor diagnosis, with particular attention to blood pressure
and glucose metabolism. Future studies are required to
further dissect cardiometabolic risk in MACS-1 and NFAT
and to identify biomarkers suitable for prediction of meta-
bolic risk and assessment of risk-mitigating interventions.

From the Institute of Metabolism and Systems Research, University
of Birmingham, Centre for Endocrinology, Diabetes andMetabolism,
Birmingham Health Partners, and Department of Endocrinology,

Queen Elizabeth Hospital, University Hospitals Birmingham NHS
Foundation Trust, Birmingham, United Kingdom (A.P., V.C., K.L.);
Institute of Applied Health Research, University of Birmingham,
Birmingham, United Kingdom (A.S.); Institute of Metabolism and
Systems Research, University of Birmingham, Birmingham, United
Kingdom, and Division of Endocrinology, Diabetes, Metabolism,
and Nutrition, Department of Internal Medicine, Mayo Clinic,
Rochester, Minnesota (I.B.); Department of Endocrinology,
Diabetes andMetabolism, Evangelismos Hospital, Athens, Greece
(S.T., M.B., A.D., D.A.V.); Department of Internal Medicine and

Table 3. 24-Hour Steroid Metabolite Excretion in Persons With Benign Adrenocortical Tumors and Different Degrees of
Cortisol Excess*

Steroid Metabolite Excretion NFAT (n = 649) MACS-1 (n = 451) MACS-2 (n = 140) Adrenal CS (n = 65)

Median An excretion (IQR), µg/24 h 577 (258 to 1034) 290 (127 to 642) 191 (97 to 474) 167 (61 to 314)
Change compared with NFAT (95% CI), % – !38 (!51 to !25) !69 (!88 to !50) !115 (!142 to !88)

Median Etio excretion (IQR), µg/24 h 540 (264 to 1073) 364 (167 to 747) 329 (144 to 689) 331 (221 to 725)
Change compared with NFAT (95% CI), % – !26 (!38 to !13) !45 (!63 to !26) !39 (!65 to !13)

Median DHEA excretion (IQR), µg/24 h 26 (22 to 54) 22 (22 to 30) 22 (22 to 24) 22 (22 to 22)
Change compared with NFAT (95% CI), % – !17 (!27 to !8) !34 (!49 to !20) !56 (!76 to !36)

Median 5-PT excretion (IQR), µg/24 h 92 (49 to 177) 63 (43 to 126) 56 (43 to 101) 71 (43 to 115)
Change compared with NFAT (95% CI), % – !16 (!25 to !7) !30 (!43 to !16) !28 (!47 to !10)

Median 5-PD excretion (IQR), µg/24 h 81 (55 to 144) 64 (55 to 106) 56 (55 to 105) 89 (55 to 158)
Change compared with NFAT (95% CI), % – !9 (!17 to !1) !18 (!30 to !7) 7 (!9 to 24)

Median PD excretion (IQR), µg/24 h 328 (190 to 597) 281 (157 to 479) 254 (149 to 503) 536 (206 to 813)
Change compared with NFAT (95% CI), % – !8 (!19 to 3) !17 (!33 to !0.3) 16 (!7 to 39)

Median PT excretion (IQR), µg/24 h 333 (179 to 567) 257 (143 to 465) 210 (118 to 452) 222 (145 to 368)
Change compared with NFAT (95% CI), % – !8 (!17 to 1) !19 (!32 to !6) !26 (!45 to !7)

Median 17HP excretion (IQR), µg/24 h 69 (39 to 135) 63 (37 to 127) 51 (32 to 108) 74 (45 to 116)
Change compared with NFAT (95% CI), % – 6 (!4 to 17) !8 (!24 to 7) !1 (!23 to 21)

Median THS excretion (IQR), µg/24 h 141 (87 to 222) 142 (91 to 239) 177 (90 to 271) 317 (181 to 500)
Change compared with NFAT (95% CI), % – 9 (0.4 to 17) 20 (8 to 32) 84 (67 to 102)

Median cortisol excretion (IQR), µg/24 h 45 (28 to 65) 54 (32 to 82) 57 (33 to 92) 151 (76 to 344)
Change compared with NFAT (95% CI), % – 23 (15 to 32) 33 (21 to 46) 131 (113 to 148)

Median THF excretion (IQR), µg/24 h 1362 (914 to 2011) 1460 (888 to 2165) 1563 (998 to 2293) 3163 (1466 to 6425)
Change compared with NFAT (95% CI), % – 10 (!1 to 22) 14 (!3 to 30) 92 (69 to 116)

Median 5a-THF excretion (IQR), µg/24 h 568 (287 to 986) 543 (267 to 947) 506 (206 to 823) 642 (315 to 1088)
Change compared with NFAT (95% CI), % – 5 (!6 to 15) !5 (!21 to 11) 30 (7 to 52)

Median 11b-OH-Et excretion (IQR), µg/24 h 305 (120 to 541) 335 (135 to 613) 413 (156 to 769) 602 (182 to 1310)
Change compared with NFAT (95% CI), % – 8 (!3 to 19) 23 (7 to 39) 60 (37 to 83)

Median cortisone excretion (IQR), µg/24 h 73 (47 to 105) 76 (47 to 108) 82 (49 to 115) 141 (95 to 317)
Change compared with NFAT (95% CI), % – 6 (!2 to 14) 16 (4 to 27) 84 (67 to 100)

Median THE excretion (IQR), µg/24 h 2223 (1457 to 3409) 2181 (1334 to 3329) 2323 (1296 to 3170) 3812 (1939 to 5865)
Change compared with NFAT (95% CI), % – 3 (!6 to 12) 0 (!13 to 13) 47 (28 to 66)

Median b-cortolone excretion (IQR), µg/24 h 634 (401 to 964) 624 (389 to 989) 658 (341 to 937) 998 (622 to 1632)
Change compared with NFAT (95% CI), % – 5 (!4 to 13) 0 (!13 to 13) 54 (35 to 73)

5a-THF = 5a-tetrahydrocortisol; 5-PD = pregnenediol; 5-PT = pregnenetriol; 11b -OH-Et = 11b -hydroxyetiocholanolone; 17HP = 17-hydroxypregnanolone;
An = androsterone; CS = Cushing syndrome; DHEA = dehydroepiandrosterone; Etio = etiocholanolone; IQR = interquartile range; MACS-1 = possible mild
autonomous cortisol secretion; MACS-2 = de!nitive mild autonomous cortisol secretion; NFAT = nonfunctioning adrenal tumor; PD = pregnanediol; PT =
pregnanetriol; THE = tetrahydrocortisone; THF = tetrahydrocortisol; THS = tetrahydro-11-deoxycortisol.
* Steroid metabolites were measured by liquid chromatography–tandem mass spectrometry. The urinary excretion of each steroid metabolite in
persons with MACS-1, MACS-2, and adrenal CS was compared with values in persons with NFATs by using a linear regression model with the log-
transformed steroid metabolite as the outcome (adjusted for age, sex, and body mass index). Associations between the log-transformed outcome
and the variable of interest are reported as sympercents.
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MACS-1: 50-138 nmol/L
MACS-2: >138 nmol/L
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Change compared with NFAT (95% CI), % – 10 (!1 to 22) 14 (!3 to 30) 92 (69 to 116)

Median 5a-THF excretion (IQR), µg/24 h 568 (287 to 986) 543 (267 to 947) 506 (206 to 823) 642 (315 to 1088)
Change compared with NFAT (95% CI), % – 5 (!6 to 15) !5 (!21 to 11) 30 (7 to 52)

Median 11b-OH-Et excretion (IQR), µg/24 h 305 (120 to 541) 335 (135 to 613) 413 (156 to 769) 602 (182 to 1310)
Change compared with NFAT (95% CI), % – 8 (!3 to 19) 23 (7 to 39) 60 (37 to 83)

Median cortisone excretion (IQR), µg/24 h 73 (47 to 105) 76 (47 to 108) 82 (49 to 115) 141 (95 to 317)
Change compared with NFAT (95% CI), % – 6 (!2 to 14) 16 (4 to 27) 84 (67 to 100)

Median THE excretion (IQR), µg/24 h 2223 (1457 to 3409) 2181 (1334 to 3329) 2323 (1296 to 3170) 3812 (1939 to 5865)
Change compared with NFAT (95% CI), % – 3 (!6 to 12) 0 (!13 to 13) 47 (28 to 66)

Median b-cortolone excretion (IQR), µg/24 h 634 (401 to 964) 624 (389 to 989) 658 (341 to 937) 998 (622 to 1632)
Change compared with NFAT (95% CI), % – 5 (!4 to 13) 0 (!13 to 13) 54 (35 to 73)

5a-THF = 5a-tetrahydrocortisol; 5-PD = pregnenediol; 5-PT = pregnenetriol; 11b -OH-Et = 11b -hydroxyetiocholanolone; 17HP = 17-hydroxypregnanolone;
An = androsterone; CS = Cushing syndrome; DHEA = dehydroepiandrosterone; Etio = etiocholanolone; IQR = interquartile range; MACS-1 = possible mild
autonomous cortisol secretion; MACS-2 = de!nitive mild autonomous cortisol secretion; NFAT = nonfunctioning adrenal tumor; PD = pregnanediol; PT =
pregnanetriol; THE = tetrahydrocortisone; THF = tetrahydrocortisol; THS = tetrahydro-11-deoxycortisol.
* Steroid metabolites were measured by liquid chromatography–tandem mass spectrometry. The urinary excretion of each steroid metabolite in
persons with MACS-1, MACS-2, and adrenal CS was compared with values in persons with NFATs by using a linear regression model with the log-
transformed steroid metabolite as the outcome (adjusted for age, sex, and body mass index). Associations between the log-transformed outcome
and the variable of interest are reported as sympercents.
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Appendix Table 5. Clinical Characteristics of ENSAT EURINE-ACT Study Participants With Unilateral Versus Bilateral Benign
Adrenocortical Tumors*

Characteristic NFAT ! MACS (n = 1240) NFAT Only (n = 649) MACS Only (n = 591)

Unilateral Tumors
(n = 955)

Bilateral Tumors
(n = 285)

Unilateral Tumors
(n = 542)

Bilateral Tumors
(n = 107)

Unilateral Tumors
(n = 413)

Bilateral Tumors
(n = 178)

Women, n (%) 631 (66.1) 190 (66.7) 350 (64.6) 66 (61.7) 281 (68.0) 124 (69.7)
Median age (IQR), y 61 (52–67) 60 (54–68) 59 (50–65) 58 (53–65) 64 (56–71) 62 (55–70)
Median BMI (IQR), kg/m2 29.2 (25.3–33.7) 28.7 (25.4–33.0) 29.6 (25.8–34.1) 28.7 (25.9–33.4) 28.9 (24.7–33.1) 28.7 (25.4–32.4)
BMI category, n (%)
Lean (BMI <25 kg/m2) 216 (22.6) 61 (21.4) 108 (19.9) 21 (19.6) 108 (26.2) 40 (22.5)
Overweight (BMI of 25–30 kg/m2) 294 (30.8) 109 (38.2) 163 (30.1) 39 (36.4) 131 (31.7) 70 (39.3)
Obesity (BMI !30 kg/m2) 420 (44.0) 113 (39.6) 249 (45.9) 47 (43.9) 171 (41.4) 66 (37.1)

Median maximum tumor diameter (IQR),
mm†

25 (18–35) 29 (20–37) 21 (15–30) 23 (18–30) 30 (23–40) 30 (24–40)

Median serum cortisol on 1mg-DST (IQR),
nmol/L

45 (31–75) 62 (41–100) 33 (27–40) 34 (29–43) 83 (63–135) 85 (65–134)

Median plasma ACTH (IQR), pmol/L 2.64 (1.54–4.18) 2.02 (1.29–3.51) 3.07 (2.02–4.89) 2.42 (1.56–4.73) 2.01 (1.15–3.26) 1.83 (1.20–3.00)
Median serum DHEAS (IQR), mmol/L 1.44 (0.73–2.81) 1.39 (0.79–2.61) 1.90 (0.97–3.42) 1.90 (1.11–2.84) 1.02 (0.51–2.08) 1.17 (0.68–2.05)
Median 24-hour UFC (IQR), nmol 127 (58–204) 174 (86–254) 124 (63–196) 177 (83–257) 127 (55–213) 168 (94–246)
Hypertension, n (%) 649 (67.9) 213 (74.7) 3413 (63.3) 73 (68.2) 306 (74.1) 140 (78.7)
Unadjusted PR (95% CI) 1.10 (1.01–1.19) 1.08 (0.93–1.25) 1.06 (0.96–1.17)
aPR (95% CI) 1.08 (1.00–1.17) 1.06 (0.92-1.22) 1.07 (0.98–1.17)

Treatment with !3 antihypertensives, n (%)‡ 228 (35.2) 92 (43.4) 115 (33.5) 27 (37.7) 113 (37.1) 65 (46.4)
Unadjusted PR (95% CI) 1.23 (1.02–1.49) 1.12 (0.80–1.57) 1.25 (0.98–1.59)
aPR (95% CI) 1.28 (1.06–1.55) 1.21 (0.87–1.69) 1.28 (1.01–1.62)

Dysglycemia, n (%) 475 (49.7) 166 (58.3) 262 (48.4) 58 (54.7) 212 (51.4) 108 (60.4)
Unadjusted PR (95% CI) 1.17 (1.03–1.34) 1.28 (0.91–1.39) 1.17 (0.99–1.39)
aPR (95% CI) 1.15 (1.02–1.31) 1.09 (0.89–1.34) 1.20 (1.01–1.41)

Type 2 diabetes, n (%) 283 (29.6) 81 (28.3) 146 (26.9) 26 (24.0) 137 (33.3) 55 (30.8)
Unadjusted PR (95% CI) 0.95 (0.76–1.19) 0.89 (0.59–1.35) 0.92 (0.70–1.22)
aPR (95% CI) 0.94 (0.76–1.16) 0.86 (0.58–1.28) 0.95 (0.73–1.24)

Insulin treatment, n (%)§ 68 (23.9) 14 (17.7) 27 (18.9) 1 (5.8) 40 (29.1) 13 (23.3)
Unadjusted PR (95% CI) 0.74 (0.42–1.30) 0.29 (0.05–1.79) 0.80 (0.45–1.44)
aPR (95% CI) 0.75 (0.43–1.30) 0.32 (0.05–1.91) 0.82 (0.46–1.47)

Dyslipidemia, n (%) 303 (31.7) 95 (33.6) 155 (28.5) 32 (30.4) 148 (35.9) 63 (35.4)
Unadjusted PR (95% CI) 1.06 (0.87–1.28) 1.06 (0.77–1.46) 0.99 (0.78–1.25)
aPR (95% CI) 1.04 (0.86"1.25) 1.02 (0.75"1.39) 1.01 (0.80–1.28)

1mg-DST = 1-mg overnight dexamethasone suppression test; ACTH = adrenocorticotropic hormone; aPR = adjusted prevalence ratio; BMI = body
mass index; DHEAS = dehydroepiandrosterone sulfate; ENSAT = European Network for the Study of Adrenal Tumours; EURINE-ACT = Evaluation
of Urine Steroid Metabolomics in the Differential Diagnosis of Adrenocortical Tumours; MACS = mild autonomous cortisol secretion; NFAT = non-
functioning adrenal tumor; PR = prevalence ratio; UFC = urinary free cortisol.
* Persons with Cushing syndrome were excluded from the analysis because of their low number (n = 65). The analysis of cardiometabolic outcomes
was based on a Poisson regression model (unilateral tumors used as the reference); aPRs were adjusted for age, sex, and BMI. Missing cardiometa-
bolic outcome data were replaced via multiple imputation using chained equations with age, sex, and BMI as covariates. Imputations for treatment
with 3 or more antihypertensives, type 2 diabetes, and insulin treatment were conditional to participants with hypertension, dysglycemia, and type
2 diabetes, respectively.
† For bilateral tumors, the maximum diameter of the larger adrenal mass was considered.
‡ Considering only participants with a diagnosis of hypertension.
§ Considering only participants with a diagnosis of type 2 diabetes.
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Suppressed ACTH Is Frequently Unrelated to
Autonomous Cortisol Secretion in Patients
With Adrenal Incidentalomas
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Clinical Sciences in Lund, Lund University, SE-221 84 Lund, Sweden

ORCiD numbers: 0000-0002-5351-764X (H. Olsen).

Objective: ACTH is considered a weak marker for autonomous cortisol secretion (ACS) in patients
with adrenal incidentalomas (AIs). Our aimwas to investigate suppressed basal ACTH as amarker of
ACS and to elucidate why this criterion is of limited value.

Methods: Basal ACTH and cortisol after overnight dexamethasone suppression test (cortisolONDST)
weremeasured in 198 patients with unilateral AI and at 2-year follow-up. Basal ACTHwasmeasured
in 100 control subjects.

Results: In patients with cortisolONDST,50 nmol/L (n = 145), ACTHwas,2 pmol/L in 19%, compared
with 4% in control subjects (P, 0.001). ACTH and size of AI correlated negatively (P = 0.002). Among
patients with cortisolONDST $50 nmol/L, ACTH was ,2 pmol/L in 53%. The patients were grouped
according to whether cortisolONDST was,50 or$50 nmol/L and whether ACTH was,2.0 or$2.0 or
pmol/L. At follow-up, these four groups were still separated with statistically significant differences
in ACTH and cortisolONDST.

Conclusions: This study identifies a previously unrecognized group of patients defined by sup-
pressed ACTH despite normal cortisolONDST. This suppression of ACTH by a factor other than ACS
may explain the limitation of suppressed ACTH as a marker for ACS. We suggest increased cortisol
secretion in response to ACTH by the AI to be an additional factor. (J Clin Endocrinol Metab 104:
506–512, 2019)

The need to identify subclinical hypercortisolism in
patients with adrenal incidentalomas (AIs) has re-

cently been underlined because the condition has been
linked to increased cardiovascular morbidity and mor-
tality (1–3). However, it has been difficult to establish
generally accepted biochemical criteria, as demonstrated
by the different definitions used to define subclinical
hypercortisolism (4–6).

In the European Society of Endocrinology (ESE)
guidelines issued in 2016, the term “subclinical hyper-
cortisolism” has been replaced with “autonomous cor-
tisol secretion” (ACS). The diagnosis of ACS is based

primarily on increased cortisol after 1-mg overnight
dexamethasone suppression test (cortisolONDST) (7).
Patients with cortisolONDST $140 nmol/L are considered
to have ACS, and patients with levels between 50 and
140 nmol/L are considered to have possible ACS. The
ESE guidelines recommend further hormonal evaluation
of patients with cortisolONDST $140 nmol/L and of
patients with cortisolONDST between 50 and 140 nmol/L
and metabolic complications (7). It is suggested that ACS
should be verified by measuring ACTH, urinary cortisol,
and possibly late-evening salivary cortisol, but no guidance
is given regarding the evaluation of these complementary
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control subjects are shown in Fig. 2. Patients with
cortisolONDST ,50 nmol/L had lower ACTH than control
subjects (P , 0.001), also if adjusted for differences in sex
(P , 0.001). Age was omitted from this analysis because
ACTH was not correlated to age. In patients with
cortisolONDST ,50 nmol/L, ACTH was below the lower
reference range stated by the manufacturer (1.6 pmol/L)
in 12% and not above the higher reference range in any.
The prevalence of ACTH ,2.0 pmol/L was higher in
patients with cortisolONDST ,50 nmol/L compared with
control subjects (19% vs 4%; P, 0.001). The prevalence
of ACTH,1.8 pmol/L was also higher in patients than in
control subjects (16% vs 1%; P , 0.001). Patients with
cortisolONDST ,40 nmol/L had a higher prevalence of

ACTH,2.0 than control subjects (16%vs 4%;P,0.001).
This difference in prevalence of ACTH ,2.0 pmol/L was
present also after adjusting for sex at both cortisolONDST

cutoff levels (P = 0.002 and P = 0.02, respectively). Figure 3
shows ACTH in relation to AI size in the 145 patients with
cortisolONDST,50nmol/L.ACTHwasnegatively correlated
to AI size (r = 20.25, P = 0.002).

The control subjects were 45 (range, 19 to 70) years of
age, and 52% were male. ACTH was lower in female
controls than in male controls [3.9 pmol/L (range, 1.8 to
17.4 pmol/L) and 5.2 pmol/L (range, 1.6 to 18.2 pmol/L),
respectively; P = 0.002] but was not correlated to age.
ACTH was ,2.0 pmol/L, which is the level defined as
suppressed ACTH, in 4% of the control subjects. Cal-
culated reference intervals for male and female controls
were 1.7 to 17.3 and 1.8 to 15.6 pmol/L, respectively.
The 90%CI for the lower reference intervals for male and
female controls were 1.6 to 2.2 and 1.8 to 2.1 pmol/L,
respectively. The non–sex-specific ACTH reference in-
terval was 1.7 to 16.8 pmol/L (90% CI, 1.6 to 2.2 and
12.3 to 18.2 pmol/L, respectively).

All included patients were divided into four sub-
groups, named NormalACTH/ONDST,50, LowACTH/
ONDST,50,NormalACTH/ONDST$50, andLowACTH/
ONDST$50, according to whether ACTH was ,2.0
or $2.0 or pmol/L and whether cortisolONDST was ,50
or $50 nmol/L. Patient characteristics are given in
Table 1. ACTH was lower in all four groups compared
with control subjects adjusted for differences in sex (P =
0.002, P, 0.001, P = 0.004, and P, 0.001). Both male
and female subjects in the LowACTH/ONDST,50 group
had lower DHEAS than male and female subjects in the

Figure 2. Distribution of ACTH in 145 patients with cortisolONDST
,50 nmol/L and 100 control subjects. ACTH was lower in patients
with cortisolONDST ,50 nmol/L than in control subjects (P , 0.001).
The patients had an increased prevalence of low ACTH levels and
an absence of ACTH levels .9.0 pmol/L.

Figure 3. ACTH in relation to size of AI in 145 patients with
cortisolONDST ,50 nmol/L. The dashed line indicates ACTH = 2.0
pmol/L. The solid line is the regression fit to the data. ACTH was
negatively correlated to sizes of the AIs (r = 20.25, P = 0.002).
The correlation was similar if the patient with a 51-mm AI was
considered an outlier and excluded from the calculation (r = 20.27,
P = 0.001).

Figure 1. CortisolONDST in relation to ACTH in patients with AI.
CortisolONDST correlated negatively with ACTH (r = 20.45, P ,
0.001, ln-transformed parameters). The prevalence of cortisolONDST
$50 nmol/L increased with decreasing ACTH over the whole ACTH
scale, and cortisolONDST $50 nmol/L may be present also at ACTH
levels .6 pmol/L. One patient (ACTH 19.0 pmol/L, cortisolONDST
67 nmol/L) is not depicted.

508 Olsen et al ACTH in Patients With Adrenal Incidentalomas J Clin Endocrinol Metab, February 2019, 104(2):506–512
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article-abstract/104/2/506/5107296 by Lund U

niversity Libraries, H
ead O

ffice user on 06 N
ovem

ber 2019

Kortisol <50 nmol/L efter DST
• 19% lågt ACTH vs 4% av kontroller

control subjects are shown in Fig. 2. Patients with
cortisolONDST ,50 nmol/L had lower ACTH than control
subjects (P , 0.001), also if adjusted for differences in sex
(P , 0.001). Age was omitted from this analysis because
ACTH was not correlated to age. In patients with
cortisolONDST ,50 nmol/L, ACTH was below the lower
reference range stated by the manufacturer (1.6 pmol/L)
in 12% and not above the higher reference range in any.
The prevalence of ACTH ,2.0 pmol/L was higher in
patients with cortisolONDST ,50 nmol/L compared with
control subjects (19% vs 4%; P, 0.001). The prevalence
of ACTH,1.8 pmol/L was also higher in patients than in
control subjects (16% vs 1%; P , 0.001). Patients with
cortisolONDST ,40 nmol/L had a higher prevalence of

ACTH,2.0 than control subjects (16%vs 4%;P,0.001).
This difference in prevalence of ACTH ,2.0 pmol/L was
present also after adjusting for sex at both cortisolONDST

cutoff levels (P = 0.002 and P = 0.02, respectively). Figure 3
shows ACTH in relation to AI size in the 145 patients with
cortisolONDST,50nmol/L.ACTHwasnegatively correlated
to AI size (r = 20.25, P = 0.002).

The control subjects were 45 (range, 19 to 70) years of
age, and 52% were male. ACTH was lower in female
controls than in male controls [3.9 pmol/L (range, 1.8 to
17.4 pmol/L) and 5.2 pmol/L (range, 1.6 to 18.2 pmol/L),
respectively; P = 0.002] but was not correlated to age.
ACTH was ,2.0 pmol/L, which is the level defined as
suppressed ACTH, in 4% of the control subjects. Cal-
culated reference intervals for male and female controls
were 1.7 to 17.3 and 1.8 to 15.6 pmol/L, respectively.
The 90%CI for the lower reference intervals for male and
female controls were 1.6 to 2.2 and 1.8 to 2.1 pmol/L,
respectively. The non–sex-specific ACTH reference in-
terval was 1.7 to 16.8 pmol/L (90% CI, 1.6 to 2.2 and
12.3 to 18.2 pmol/L, respectively).

All included patients were divided into four sub-
groups, named NormalACTH/ONDST,50, LowACTH/
ONDST,50,NormalACTH/ONDST$50, andLowACTH/
ONDST$50, according to whether ACTH was ,2.0
or $2.0 or pmol/L and whether cortisolONDST was ,50
or $50 nmol/L. Patient characteristics are given in
Table 1. ACTH was lower in all four groups compared
with control subjects adjusted for differences in sex (P =
0.002, P, 0.001, P = 0.004, and P, 0.001). Both male
and female subjects in the LowACTH/ONDST,50 group
had lower DHEAS than male and female subjects in the

Figure 2. Distribution of ACTH in 145 patients with cortisolONDST
,50 nmol/L and 100 control subjects. ACTH was lower in patients
with cortisolONDST ,50 nmol/L than in control subjects (P , 0.001).
The patients had an increased prevalence of low ACTH levels and
an absence of ACTH levels .9.0 pmol/L.

Figure 3. ACTH in relation to size of AI in 145 patients with
cortisolONDST ,50 nmol/L. The dashed line indicates ACTH = 2.0
pmol/L. The solid line is the regression fit to the data. ACTH was
negatively correlated to sizes of the AIs (r = 20.25, P = 0.002).
The correlation was similar if the patient with a 51-mm AI was
considered an outlier and excluded from the calculation (r = 20.27,
P = 0.001).

Figure 1. CortisolONDST in relation to ACTH in patients with AI.
CortisolONDST correlated negatively with ACTH (r = 20.45, P ,
0.001, ln-transformed parameters). The prevalence of cortisolONDST
$50 nmol/L increased with decreasing ACTH over the whole ACTH
scale, and cortisolONDST $50 nmol/L may be present also at ACTH
levels .6 pmol/L. One patient (ACTH 19.0 pmol/L, cortisolONDST
67 nmol/L) is not depicted.
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ROC curves con!rmed these !ndings, supporting that these tests should not be used in isolation for the diag-
nosis of ACS. "e greatest diagnostic accuracy, although modest, was that of LNSC (Figs.#2, 3). Moreover, when 
the four tests were combined, the diagnostic accuracy for the diagnosis of ACS increased, reaching an AUC of 
0.73 [0.65–0.80].

Association of the individual ACS diagnostic tests’ results with comorbidities potentially 
related to ACS. Seventy-six (38.6%) patients showed a DST serum cortisol level > 50#nmol/L (1.8#µg/dL) 
at diagnosis. "ese patients had a risk of comorbidities potentially related to ACS two-fold higher than those 
with DST $ 50#nmol/L. "e prevalence of dyslipidaemia and hypertension in patients with DST > 50#nmol/L was 
1.8 and 2.5 times higher than in patients with DST $ 50#nmol/L, respectively (Table#4). However, the diagnostic 
performance of the DST to predict the presence of one or more comorbidities potentially related to ACS either 
individually or collectively, was poor, because all areas under the ROC curve analyses were below 0.67) (Fig.#4).

UFC was above the > 3862#nmol/24#h in 2 (1.0%) patients whereas another 22 (11.2%) subjects showed nor-
mal-high (1931–3862#nmol/24#h) UFC concentrations. "e prevalence of hypertension was three times higher in 
patients with normal-high UFC than in patients with normal-low UFC (< 1931#nmol/24#h) (Table#4). LNSC was 
above the reference range in 30 (15.2%) patients, who had higher prevalences of hypertension and lower HDL-c 
levels when compared with patients showing LNSC levels within the reference range (Table#4). Basal ACTH levels 
were < 2#pmol/L in 68 (34.5%) patients and DHEAS levels were below the age and sex-adjusted reference ranges 
in 48 (24.4%) patients. No di%erences were found in the prevalence of ACS-related comorbidities according to 
ACTH or DHEAS levels. "e AUCs for the diagnosis of ACS-related comorbidities were poor for UFC, LNSC, 
ACTH and DHEAS levels; and do not even reaching that of the DST ROC curve (Fig.#4). Even, when the !ve 
tests (including the DST) were used in combination for the prediction of comorbidities potentially related to 
ACS, the AUC was modest with an AUC of 0.70 [0.58–0.82].

When we evaluated the combined use of the tests for the diagnosis of comorbidities potentially related to 
ACS, the best association was that of the combination of a DST > 50#nmol/L and a LNSC > 149#nmol/L, which 
was present in 19 patients in our cohort. "ese patients had increased risks of hypertension (OR 7.1, 95% CI 
1.6–31.6) and cardiovascular events (OR 3.6, 95% CI 1.2–11.3) (Table#5).

Discussion
Our study con!rms that, when used as single tests, plasma ACTH, LNSC, UFC and DHEA-S had poor sensitiv-
ity for the diagnosis of ACS. "e combination of the four tests, however, improved diagnostic accuracy for ACS 
reaching an AUC in the ROC curve of 0.73. On the other hand, the diagnosis accuracy of DST for the prediction 
of comorbidities potentially related to ACS is low, albeit other tests routinely used for the study of AIs showed 
even worse performances. "e association of a positive DST test with hypertension and cardiovascular events 
seems to increase when combined with increased LNSC levels, with the addition of ACTH, DHEA-S or UFC 
not improving the strength of such an association.

Several studies found that patients with AIs and elevated post-DST cortisol concentrations had worse car-
diometabolic pro!les and increased mortality compared with patients reaching adequate cortisol suppression 

Table 3.  Reliability and validity of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS (considering 
three di%erent thresholds in the DST for the ACS de!nition). ACTH adrenocorticotropic hormone, DST 
dexamethasone suppression test, DHEAS dehydroepiandrosterone sulphate, LNSN late-night salivary cortisol, 
PPV positive predictive value, NPV negative predictive value, Speci!c Po + speci!c positive agreement index, 
Speci!c Po " speci!c negative agreement index, UFC urinary-free cortisol.

Kappa index Speci!c Po+ (%) Speci!c Po" (%) Sensitivity (%) Speci!city (%) PPV (%) NPV (%)
Considering the gold standard of ACS a DST > 138#nmol/L (5.0#µg/dL)
UFC > 1931#nmol/24#h 0.157 24.4 91.2 26.3 90.4 22.7 92.0
ACTH < 2#pmol/L 0.039 18.4 76.9 42.1 66.3 11.8 91.5
LNSC > 157#nmol/L 0.283 36.7 91.0 47.4 88.2 30.0 94.0
Low sex- and age- 
adjusted DHEA-S 0.082 20.9 83.8 36.8 77.0 14.6 91.9

Considering the gold standard of ACS a DST > 83.0#nmol/L (3.0#µg/dL)
UFC > 1931#nmol/24#h 0.239 34.9 87.6 26.8 92.9 50.0 82.9
ACTH < 2#pmol/L 0.145 36.7 75.8 48.8 69.2 29.4 83.7
LNSC > 157#nmol/L 0.231 36.6 86.1 31.7 89.1 43.3 83.2
Low sex- and age-
adjusted DHEA-S 0.116 31.5 80.0 34.1 78.2 29.2 81.9

Considering the gold standard of ACS a DST > 50.0#nmol/L (1.8#µg/dL)
UFC > 1931#nmol/24#h 0.086 24.5 75.0 15.8 91.7 54.5 63.4
ACTH < 2#pmol/L 0.235 51.4 72.0 48.7 74.4 54.4 69.8
LNSC > 157#nmol/L 0.179 35.8 76.4 25.0 90.9 63.3 65.9
Low sex- and age-
adjusted DHEA-S 0.103 37.1 71.1 30.3 79.3 47.9 64.4
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ROC curves con!rmed these !ndings, supporting that these tests should not be used in isolation for the diag-
nosis of ACS. "e greatest diagnostic accuracy, although modest, was that of LNSC (Figs.#2, 3). Moreover, when 
the four tests were combined, the diagnostic accuracy for the diagnosis of ACS increased, reaching an AUC of 
0.73 [0.65–0.80].

Association of the individual ACS diagnostic tests’ results with comorbidities potentially 
related to ACS. Seventy-six (38.6%) patients showed a DST serum cortisol level > 50#nmol/L (1.8#µg/dL) 
at diagnosis. "ese patients had a risk of comorbidities potentially related to ACS two-fold higher than those 
with DST $ 50#nmol/L. "e prevalence of dyslipidaemia and hypertension in patients with DST > 50#nmol/L was 
1.8 and 2.5 times higher than in patients with DST $ 50#nmol/L, respectively (Table#4). However, the diagnostic 
performance of the DST to predict the presence of one or more comorbidities potentially related to ACS either 
individually or collectively, was poor, because all areas under the ROC curve analyses were below 0.67) (Fig.#4).

UFC was above the > 3862#nmol/24#h in 2 (1.0%) patients whereas another 22 (11.2%) subjects showed nor-
mal-high (1931–3862#nmol/24#h) UFC concentrations. "e prevalence of hypertension was three times higher in 
patients with normal-high UFC than in patients with normal-low UFC (< 1931#nmol/24#h) (Table#4). LNSC was 
above the reference range in 30 (15.2%) patients, who had higher prevalences of hypertension and lower HDL-c 
levels when compared with patients showing LNSC levels within the reference range (Table#4). Basal ACTH levels 
were < 2#pmol/L in 68 (34.5%) patients and DHEAS levels were below the age and sex-adjusted reference ranges 
in 48 (24.4%) patients. No di%erences were found in the prevalence of ACS-related comorbidities according to 
ACTH or DHEAS levels. "e AUCs for the diagnosis of ACS-related comorbidities were poor for UFC, LNSC, 
ACTH and DHEAS levels; and do not even reaching that of the DST ROC curve (Fig.#4). Even, when the !ve 
tests (including the DST) were used in combination for the prediction of comorbidities potentially related to 
ACS, the AUC was modest with an AUC of 0.70 [0.58–0.82].

When we evaluated the combined use of the tests for the diagnosis of comorbidities potentially related to 
ACS, the best association was that of the combination of a DST > 50#nmol/L and a LNSC > 149#nmol/L, which 
was present in 19 patients in our cohort. "ese patients had increased risks of hypertension (OR 7.1, 95% CI 
1.6–31.6) and cardiovascular events (OR 3.6, 95% CI 1.2–11.3) (Table#5).

Discussion
Our study con!rms that, when used as single tests, plasma ACTH, LNSC, UFC and DHEA-S had poor sensitiv-
ity for the diagnosis of ACS. "e combination of the four tests, however, improved diagnostic accuracy for ACS 
reaching an AUC in the ROC curve of 0.73. On the other hand, the diagnosis accuracy of DST for the prediction 
of comorbidities potentially related to ACS is low, albeit other tests routinely used for the study of AIs showed 
even worse performances. "e association of a positive DST test with hypertension and cardiovascular events 
seems to increase when combined with increased LNSC levels, with the addition of ACTH, DHEA-S or UFC 
not improving the strength of such an association.

Several studies found that patients with AIs and elevated post-DST cortisol concentrations had worse car-
diometabolic pro!les and increased mortality compared with patients reaching adequate cortisol suppression 

Table 3.  Reliability and validity of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS (considering 
three di%erent thresholds in the DST for the ACS de!nition). ACTH adrenocorticotropic hormone, DST 
dexamethasone suppression test, DHEAS dehydroepiandrosterone sulphate, LNSN late-night salivary cortisol, 
PPV positive predictive value, NPV negative predictive value, Speci!c Po + speci!c positive agreement index, 
Speci!c Po " speci!c negative agreement index, UFC urinary-free cortisol.

Kappa index Speci!c Po+ (%) Speci!c Po" (%) Sensitivity (%) Speci!city (%) PPV (%) NPV (%)
Considering the gold standard of ACS a DST > 138#nmol/L (5.0#µg/dL)
UFC > 1931#nmol/24#h 0.157 24.4 91.2 26.3 90.4 22.7 92.0
ACTH < 2#pmol/L 0.039 18.4 76.9 42.1 66.3 11.8 91.5
LNSC > 157#nmol/L 0.283 36.7 91.0 47.4 88.2 30.0 94.0
Low sex- and age- 
adjusted DHEA-S 0.082 20.9 83.8 36.8 77.0 14.6 91.9

Considering the gold standard of ACS a DST > 83.0#nmol/L (3.0#µg/dL)
UFC > 1931#nmol/24#h 0.239 34.9 87.6 26.8 92.9 50.0 82.9
ACTH < 2#pmol/L 0.145 36.7 75.8 48.8 69.2 29.4 83.7
LNSC > 157#nmol/L 0.231 36.6 86.1 31.7 89.1 43.3 83.2
Low sex- and age-
adjusted DHEA-S 0.116 31.5 80.0 34.1 78.2 29.2 81.9

Considering the gold standard of ACS a DST > 50.0#nmol/L (1.8#µg/dL)
UFC > 1931#nmol/24#h 0.086 24.5 75.0 15.8 91.7 54.5 63.4
ACTH < 2#pmol/L 0.235 51.4 72.0 48.7 74.4 54.4 69.8
LNSC > 157#nmol/L 0.179 35.8 76.4 25.0 90.9 63.3 65.9
Low sex- and age-
adjusted DHEA-S 0.103 37.1 71.1 30.3 79.3 47.9 64.430.3 79.3
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Cortisol as a marker for increased mortality in
patients with incidental adrenocortical adenomas

Miguel Debono, Mike Bradburn, Matthew Bull, Barney Harrison, Richard J Ross,
John Newell-Price

Academic Unit of Endocrinology, Department of Human Metabolism, University of Sheffield, Sheffield,
UK (MD, RJR, JN-P); Medical Statistics and Clinical Trials Research Unit, The School of Health and Related
Research, University of Sheffield, Sheffield, UK (MBr); The Departments of Endocrinology (MD, RJR, JN-
P), Radiology (MBu) and Endocrine Surgery (BH), Royal Hallamshire Hospital, Sheffield Teaching Hospitals
NHS Foundation Trust, Sheffield, UK

Context: Incidental benign adrenocortical adenomas, ‘adrenal incidentalomas’, are found in 4.5%
of abdominal CT scans, with the incidence increasing to 10% in patients over 70 years. These
incidentalomas frequently show evidence of excess cortisol secretion but without overt Cushing’s
syndrome. The mortality rate is increased in Cushing’s syndrome.

Objective: To investigate whether patients with adrenal incidentalomas have an increased
mortality.

Design : A retrospective, longitudinal cohort study.

Setting: Endocrine Investigation Unit in a University Teaching Hospital.

Patients : Two hundred and seventy two consecutive patients with an incidental adrenal mass
underwent a dedicated diagnostic protocol, which included dexamethasone testing for hypercor-
tisolism between 2005 and 2013. Overall survival was assessed in 206 patients with a benign,
adrenocortical adenoma.

Main Outcome Measures: Survival analysis was carried out by using Kaplan-Meier curves and the
impact of dexamethasone cortisol estimated by Cox-regression analysis. Cause-specific mortality
was ascertained from death certificates and compared to local and national data.

Results: 18/206 patients died and the mean time (SD) from diagnosis to death was 3.2 (1.7) years.
17/18 patients who died had a post dexamethasone cortisol !1.8!g/dL and there was a significant
decrease in survival rate with increasing dexamethasone cortisol levels (p"0.001). Compared with
the #1.8!g/dL group, the hazard ratio (95%CI) for the 1.8 - 5!g/dL group was 12.0 (1.6 – 92.6) whilst
that of the !5!g/dL group was 22.0 (2.6 – 188.3). 50% and 33% of deaths were secondary to
circulatory or respiratory/infective causes, respectively.

Conclusion: Patients with adrenal incidentalomas and a post-dexamethasone serum cortisol
!1.8!g/dL have increased mortality, mainly related to cardiovascular disease and infection.

Benign adrenocortical adenomas are common, being
found in 4.5% of all CT scans as incidental findings

– ‘adrenal incidentaloma’. In the ageing population adre-
nal incidentalomas are more common, being present in
10% of those aged 70y (1). These tumors are identified at

cross sectional imaging of the abdomen in patients across
a wide variety of medical and surgical specialities. On rou-
tine clinical testing up to half of all patients exhibit bio-
chemical evidence of excess cortisol secretion (2–4), but
withoutassociatedovert clinical featuresofCushing’s syn-
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Articles

Cardiovascular events and mortality in patients with adrenal 
incidentalomas that are either non-secreting or associated 
with intermediate phenotype or subclinical Cushing’s 
syndrome: a 15-year retrospective study
Guido Di Dalmazi, Valentina Vicennati, Silvia Garelli, Elena Casadio, Eleonora Rinaldi, Emanuela Giampalma, Cristina Mosconi, Rita Golfi eri, 
Alexandro Paccapelo, Uberto Pagotto, Renato Pasquali 

Summary
Background Incidental discovery of adrenal masses has increased over the past few years. Mild alterations in cortisol 
secretion without clinical signs of overt hypercortisolism (subclinical Cushing’s syndrome) are a common fi nding in 
patients with these tumours. Although metabolic alterations and increased cardiovascular risk have been noted in 
patients with subclinical Cushing’s syndrome, incidence of cardiovascular events and mortality in the long term have 
not been assessed. We aimed to ascertain the frequency of new cardiovascular events and mortality in patients with 
non-secreting adrenal incidentalomas, tumours of intermediate phenotype, or those causing subclinical Cushing’s 
syndrome. 

Methods From January, 1995, to September, 2010, consecutive outpatients with adrenal incidentalomas who were 
referred to the endocrinology unit of S Orsola-Malpighi Hospital, Bologna, Italy, were enrolled into our study. 
Individuals were assessed every 18–30 months for the fi rst 5 years (mean follow-up 7·5 [SD 3·2] years, range 
26 months to 15 years). Cortisol concentrations after the 1 mg dexamethasone suppression test (DST) were used to 
defi ne non-secreting (<50 nmol/L) and intermediate phenotype (50–138 nmol/L) adrenal incidentalomas and 
subclinical Cushing’s syndrome (>138 nmol/L). At the end of follow-up, patients were reclassifi ed as having either 
unchanged or worsened secreting patterns from baseline. 

Findings 198 outpatients were assessed; at the end of follow-up, 114 patients had stable non-secreting adrenal 
incidentalomas, 61 had either a stable intermediate phenotype or subclinical Cushing’s syndrome, and 23 had a 
pattern of secretion that had worsened. By comparison with patients with stable non-secreting adrenal incidentalomas, 
the incidence of cardiovascular events was higher in individuals with a stable intermediate phenotype or subclinical 
Cushing’s syndrome (6·7% vs 16·7%; p=0·04) and in those with worsened secreting patterns (6·7% vs 28·4%; 
p=0·02). Cardiovascular events were associated independently with a change (from baseline to the end of follow-up) 
in cortisol concentrations post DST (hazard ratio 1·13, 95% CI 1·05–1·21; p=0·001). Survival rates for all-cause 
mortality were lower in patients with either stable intermediate phenotype adrenal incidentalomas or subclinical 
Cushing’s syndrome compared with those with stable non-secreting masses (57·0% vs 91·2%; p=0·005). Factors 
associated with mortality were age (hazard ratio 1·06, 95% CI 1·01–1·12; p=0·03) and mean concentrations of cortisol 
post DST (1·10, 1·01–1·19; p=0·04). Compared with patients with stable non-secreting adrenal incidentalomas, 
unadjusted survival for cardiovascular-specifi c mortality was lower in patients with either a stable intermediate 
phenotype or subclinical Cushing’s syndrome (97·5% vs 78·4%; p=0·02) and in those with worsened secreting 
patterns (97·5% vs 60·0%; p=0·01). Cancer mortality did not di! er between groups. 

Interpretation Even when clinical signs of overt hypercortisolism are not present, patients with adrenal incidentalomas 
and mild hypercortisolism have an increased risk of cardiovascular events and mortality. 

Funding None. 

Introduction
In the past few years, widespread use of abdominal 
imaging has increased incidental detection of adrenal 
tumours—known as adrenal incidentalomas. These 
masses are non-functioning in most patients; however, a 
mild increase in cortisol secretion without clinical signs 
of overt hypercortisolism is noted in up to 30% of patients 
with adrenal incidentalomas.1 This condition—known as 
subclinical Cushing’s syndrome—is defi ned as an 

alter ation of adrenal cortisol secretion without the classic 
signs and symptoms of glucocorticoid excess.2,3 Although 
this condition is very common, its defi nition is unclear4 
because clinical guidelines on diagnosis and manage-
ment are vague and undefi ned. In view of this diagnostic 
uncertainty, we also do not know whether subclinical 
Cushing’s syndrome can lead to severe clinical outcomes. 

Subclinical Cushing’s syndrome is associated with 
cardiovascular risk factors5 such as hypertension, 
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Abstract
Purpose To compare long-term outcomes in patients with
adrenal incidentalomas (AIs) with the response to a 1 mg
overnight dexamethasone suppression test (DST).
Methods Consecutive patients with “non-functional” AIs
(n= 365) were examined. Patients with overt hormone
excess, adrenocortical cancer and known malignancy had
been excluded. Patients were classi!ed to normal cortisol
secretion group (n= 204, DST ! 50 nmol/l), possible
autonomous cortisol secretion group (n= 128, DST
51–138 nmol/l) and autonomous cortisol secretion group
(n= 33, DST " 138 nmol/l).
Results Thirty-seven patients (10.1%) deceased during the
follow-up period (5.2± 2.3 years): 16(7.8%) in the non-
secreting group (time from diagnosis to death: 3.9± 2.9
years), 15 in the possible autonomous cortisol secretion
group (11.7%, 3.2± 1.8 years) and 6 in the autonomous
cortisol secretion group (18.2%, 2.3± 1.5 years), respectively
(P= 0.019). Multivariate analysis only found signi!cant
association with age and the tumour size but if cortisol levels

post-DST were analysed as a continuous variable it was
signi!cant as well. All deaths in autonomous cortisol secre-
tion group were due to cancer not related to adrenal glands.
Hypertension, cardiovascular disease and medications were
more common in the possible and autonomous cortisol
secretion group, especially in the former. More bilateral AIs
and larger AI size were found in the two latter groups.
Conclusions Patients with autonomous cortisol secretion
had higher mortality than those with non-functioning AIs
though cortisol levels post-DST as a continuous variable,
age and tumour size were better predictor of mortality.
Cardiovascular disease and osteoporosis medication seemed
more prevalent in the possible and autonomous cortisol
secretion groups, especially in the former.

Keywords Autonomous cortisol secretion ! Subclinical
Cushing’s syndrome ! Dexamethasone suppression test !

Mortality ! Cancer ! Prognosis

Introduction

The increasing use of high resolution imaging techniques in
the past decades has led to more frequent detection of
adrenal masses, so called adrenal incidentalomas (AIs).
Usually those masses are benign, however up to 5–30% are
overproducing small amounts of cortisol [1, 2]. This con-
dition is called “autonomous cortisol secretion” [3], Sub-
clinical Hypercortisolism (SH) or Subclinical Cushing’s
syndrome and is de!ned as signs of subtle alteration of the
hypothalamic-pituitary-adrenal axis due to adrenal auton-
omy in the absence of typical clinical phenotype of Cush-
ing’s syndrome [4]. At present there is no consensus on the
diagnostic criteria of SH [2, 5, 6], nor its management. The
diagnostic test cut-offs have been arbitrarily applied to
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Målsättning

• Är ACS en oberoende riskfaktor för död?
• Undersöka sambandet mellan mortalitet och olika nivåer av ACS

• Totalmortalitet
• Orsaksspecifik död

Ref: Kjellbom et al. 2021 



Metod

• Kohortstudie
• Konsekutiva patienter med AI (2005-2015)
• Förbestämda nivåer av kortisol efter DST (nmol/L); 
• <50
• 50-82 
• 83-137 
• ≥138 

• Utfallsdata från dödsorsaksregistret

Ref: Kjellbom et al. 2021 



Resultat

• 1048 patienter inkluderades
• 6,4 års uppföljningstid
• Medianålder 65 år
• 59 % kvinnor
• 45 % kortisol ≥50 nmol/L efter DST
• 170 dödsfall
• 151 MACE

Ref: Kjellbom et al. 2021 



Role of the Funding Source
The Lisa and Johan Grönberg Foundation and

Gyllenstiernska Krapperup Foundation had no in!uence
on the design, conduct, or data analysis of the study or
the decision to submit the manuscript for publication.

RESULTS

Study Population
We screened 1593 patients who were examined for

AIs and, of these, excluded 545; Appendix Table 3 (avail-
able at Annals.org) gives the exclusion criteria. Thus,
1048 patients with a median age of 64.9 years (interquar-
tile range, 57.2 to 71.2 years), of whom 58.5% were
women, were included and followed for up to 14 years.
At baseline, 45.1% had a cortisolDST of 50 nmol/L or
higher, 52.9% had hypertension, 18.7% had diabetes
mellitus, and 20.6% had a medical history including at
least 1 cardiovascular event. A total of 54 patients under-
went adrenalectomy, in 8 cases more than 2 years after
the DST.T1 Table 1 shows patient characteristics grouped
according to cortisolDST. Patients with a cortisolDST of 50
nmol/L or higher were older; more likely to be current
smokers; and more likely to have a medical history of
hypertension, previous cardiovascular disease, heart fail-
ure, diabetes mellitus, reduced renal function, or adre-
nalectomy. The characteristics of the patients with
unilateral and bilateral AIs are given in Appendix Table 4
(available at Annals.org), and those of the patients who
had an adrenalectomy are given in Appendix Table 5
(available at Annals.org).

All-CauseMortality
During a median follow-up of 6.38 years (interquar-

tile range, 4.28 to 8.73 years), 170 patients (16.2%) died.F1
Figure 1 (top) shows the unadjusted cumulative mortality
in patients grouped according to cortisolDST.T2 Table 2
shows the adjusted HRs for cortisolDST values of 50 to 82
nmol/L, 83 to 137 nmol/L, and 138 nmol/L or higher
compared with less than 50 nmol/L. In this model, we
detected no outliers or interactions. Mortality was
increased in patients with a cortisolDST of 83 to 137

nmol/L (HR, 2.30 [95% CI, 1.52 to 3.49]) or 138 nmol/L or
greater (HR, 3.04 [CI, 1.86 to 4.98]). Sensitivity analysis of
all-cause mortality in patients with a cortisolDST of 138
nmol/L or higher showed E-values of 5.47 for the HR and
3.12 for the lower 95% con"dence limit of the HR.
Including medical history of cancer and diabetes mellitus
in the model gave similar HRs for the cortisolDST groups
(Table 2). Figure 1 shows adjusted cumulative all-cause
mortality for men with high risk for death (middle) and
women with low risk for death (bottom). T3Table 3 shows
the predicted 2-, 5-, and 10-year mortality and difference
in mortality between the cortisolDST groups.

Functional Form for All-CauseMortality
We studied the functional forms of cortisolDST in relation

to all-cause mortality with restricted cubic splines ( F2Figure 2,
top). Study of the whole patient cohort indicated a fairly linear
relation between mortality and cortisolDST until a cortisolDST of
200 nmol/L. Therefore, we studied patients with a cortisolDST
less than 200 nmol/L and found a linear increase in risk within
this range (Figure 2,bottom). This result was veri"ed by plots
of individual and cumulative Martingale residuals for ln-trans-
formed cortisolDST (Appendix Figure, available at Annals.org).
A supremum test revealed aP value of 0.40. On the basis of
this, we did Cox regression analyses with cortisolDST as a con-
tinuous ln-transformed variate, including patients with
cortisolDST less than 200 nmol/L. The variable estimate (±SE)
for ln-transformed cortisolDST for patients with cortisolDST less
than 200 nmol/L was 0.7737±0.1537. The calculated HR
point estimates of all-cause mortality for cortisolDST values of
83 and 138 nmol/L were 1.99 (CI, 1.52 to 2.61) and 2.96 (CI,
1.94 to 4.51), respectively, compared with a cortisolDST of 34
nmol/L. Interaction analysis showed a negative relation
between age and preexisting cardiovascular disease (P=
0.003) (Appendix).

Prediction ofMortality by Size, Bilateralism,
ACTH, and DHEAS

The HRs for size of the AI in unilateral AI (per mm),
bilateralism, ACTH level less than 2.0 pmol/L, and DHEAS
level less than 1.04 mmol/L were 1.00 (CI, 0.98 to 1.03),
1.02 (CI, 0.70 to 1.49), 1.02 (CI, 0.65 to 1.59), and 1.47 (CI,

Table 2. Adjusted HRs for All-Cause Mortality*

Variable

HR (95% CI) for All-Cause Mortality

Adjusted for the 6
Predefined Covariates

Additionally Adjusted for Medical History of
Cancer and Diabetes

Sex (females vs. males) 0.66 (0.48–0.90) 0.65 (0.48–0.89)
Age (per year) 1.08 (1.06–1.10) 1.08 (1.06–1.10)
Previous cardiovascular disease (yes vs. no) 1.73 (1.24–2.42) 1.74 (1.25–2.42)
Smoker (yes vs. no) 1.78 (1.30–2.44) 1.79 (1.00–2.45)
eGFR <60 mL/min/1.73 m2 (yes vs. no) 1.56 (1.09–2.22) 1.51 (1.06–2.15)
CortisolDST 50–82 vs. <50 nmol/L 1.15 (0.78–1.70) 1.17 (0.79–1.73)
CortisolDST 83–137 vs. <50 nmol/L 2.30 (1.52–3.49) 2.33 (1.53–3.53)
CortisolDST !138 vs. <50 nmol/L 3.04 (1.86–4.98) 2.87 (1.74–4.74)
Medical history of cancer (yes vs. no) Not included 1.40 (0.99–1.99)
Diabetes mellitus (yes vs. no) Not included 1.59 (1.13–2.23)

CortisolDST = plasma cortisol level after a 1-mg dexamethasone suppression test; eGFR = estimated glomerular "ltration rate; HR = hazard ratio.
* HRs and 95% CIs are based on Cox regression analyses. All-cause mortality in patients with cortisolDST <50, 50–82, 83–137, and !138 nmol/L was
10.8%, 17.3%, 31.1%, and 29.3%, respectively.
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1.05 to 2.05), respectively. The HRs were adjusted for age,
sex, smoking status, estimated glomerular !ltration rate
less than 60 mL/min/1.73 m2, previous cardiovascular dis-
ease, and ln-transformed cortisolDST. Values for ACTH
were missing in 286 patients; ACTH was analyzed with the
Roche assay in 578 patients and the Nichols assay in 184
patients. The HR for ACTH level less than 2.0 pmol/L was
1.25 (CI, 0.72 to 2.18) in patients whose ACTH was ana-
lyzed with the more precise Roche method (multiple im-
putation not performed). In 59 patients, DHEAS values
weremissing.

Cause-Speci!cMortality
The cause of death was cardiovascular disease in 65

patients, cancer in 51, infection in 6, and other diseases
in 48. Patients with a cortisolDST of 83 nmol/L or higher
had increased cardiovascular mortality, but those with a
cortisolDST between 50 and 82 nmol/L did not; seeT4 Table
4. Mortality from cancer, infection, or other diseases was
not increased in any of the groups.

MACE
During a median follow-up of 5.17 years (interquar-

tile range, 3.16 to 7.47 years), 151 patients (14.4%) had
at least 1 MACE. Patients with a cortisolDST of 138 nmol/L
or higher had an increased MACE risk (HR, 2.41 [CI, 1.45
to 4.02]), whereas those with cortisolDST values of 50 to
82 nmol/L and 83 to 137 nmol/L had similar risk to those
with a cortisolDST less than 50 nmol/L (HR, 1.34 [CI, 0.90
to 1.98] and 1.55 [CI, 0.96 to 2.52], respectively) (Table
3). Among patients without preexisting cardiovascular
disease, the HRs for MACE for patients with a cortisolDST
of 50 to 82 nmol/L, 83 to 137 nmol/L, and 138 nmol/L or
higher were 1.10 (CI, 0.62 to 1.86), 0.97 (CI, 0.47 to 1.99),
and 2.27 (CI, 1.13 to 4.55), respectively. Appendix Table
6 (available at Annals.org) shows the prevalence of the
components of MACE.

DISCUSSION

In a population of all patients with 1 or more AIs
referred to 2 endocrine centers in southern Sweden

between 2005 and 2015, a cortisolDST between 83 and
137 nmol/L was associated with a doubling in risk for
death and a cortisolDST of 138 nmol/L or higher with a 3-
fold increase in risk.

We found that the relationship between cortisolDST
and mortality is linear—or at least fairly linear—up to a
cortisolDST of 200 nmol/L. The risk associated with
cortisolDST at levels of 200 nmol/L or higher could not be
accurately determined because of the low number of
patients. The HR for death at a cortisolDST of 83 nmol/L
was estimated to be 1.99 when calculated using a linear
model and approximately 1.6 when calculated using a
nonparametric model. These HRs are clinically signi!cant
and similar to those associated with type 2 diabetes in
Sweden at the ages of 55 to 64 years (HR, 1.79) and 65 to
74 years (HR, 1.46) (22). The optimal cutoff levels for
cortisolDST should depend on the risk the levels in"ict.
Therefore, we suggest applying the prespeci!ed cortisol
level of 83 nmol/L. Among our patients with ACS, cardio-
vascular mortality was increased, as reported earlier (3,
4). We found a tendency toward increased mortality in
cancer, which has also been reported in 1 previous study
(5). In our patients there was also a tendency to increased
mortality in diseases other than cardiovascular disease,
cancer, and infections. Cardiovascular disease was
numerically the most frequent cause of death and had
the highest HRs for death in ACS, indicating that it is the
main contributor to increased mortality in ACS. The pos-
sible mechanisms by which hypercortisolism increases
cardiovascular mortality are numerous and are described
elsewhere (23). An ACS-related increase in cancer mor-
tality may be caused by the activation of the glucocorti-
coid receptor, but effects on the immune system may
also contribute (5, 24).

We addressed the question of whether the association
between cortisolDST and mortality might be causal. The
dose–response association shown between cortisolDST and
mortality supports causality (25). Furthermore, the E-values
in sensitivity analysis also support causality (21). An E-value
of 3.12 means that an unmeasured confounder must corre-
late with both mortality and cortisolDST with this factor to
explain the association found, and associations larger than 2

Table 3. Predicted All-Cause Mortality at 2, 5, and 10 Years in 2 Patient Groups With Different Mortality Risk

Patient Group and Time Point

Mean Mortality (95% CI), % Difference, %

Patients With
Cortisol

DST
<50 nmol/L

Patients With
Cortisol

DST
50–82 nmol/L

Patients With
Cortisol

DST
83–137 nmol/L

Patients With
Cortisol

DST
!138 nmol/L

Cortisol
DST

83–137vs.
<50 nmol/L

Cortisol
DST

!138 vs.
<50 nmol/L

Female, 65 y old, nonsmoker, no preexisting CVD, and eGFR !60 mL/min/1.73 m2

2 y 0.5 (0.3–0.9) 0.6 (0.3–1.1) 1.1 (0.6–2.1) 1.5 (0.8–2.8) 0.6 1.0
5 y 3.1 (2.2–4.4) 3.6 (2.5–5.3) 7.1 (4.6–11.0) 9.3 (6.0–14.4) 4.0 6.2
10 y 8.9 (6.4–12.4) 10.2 (6.8–15.4) 19.4 (13.8–27.3) 24.8 (15.6–39.6) 10.5 15.9

Male, 70 y old, smoker, preexisting CVD, and eGFR !60 mL/min/1.73 m2

2 y 3.5 (1.9–6.4) 4.0 (2.3–7.1) 7.8 (4.7–13.2) 10.2 (6.1–17.3) 4.3 6.7
5 y 19.9 (13.3–29.8) 22.6 (14.7–34.7) 40.0 (28.6–55.8) 49.1 (34.7–69.3) 20.1 29.2
10 y 47.8 (34.5–66.1) 52.7 (38.1–72.9) 77.6 (62.0–97.1) 86.1 (73.9–100.0) 29.8 38.3

CortisolDST = plasma cortisol level after a 1-mg dexamethasone suppression test; CVD = cardiovascular disease; eGFR = estimated glomerular !ltra-
tion rate.
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to 3 are rare (21). However, causality cannot be established
with an observational study, which this study was.

We also studied whether the size of the AI, presence
of bilateral AIs, basal ACTH level less than 2.0 pmol/L, or

DHEAS level less than 1.04 mmol/L predicted mortality.
The only association found was increased mortality in
patients with DHEAS levels less than 1.04 mmol/L; this
should be studied further, speci!c to sex, age, and
cortisolDST strata.

The increase in mortality associated with cortisolDST
values of 83 nmol/L or higher has implications. We !nd it
reasonable to consider using vigilant medical therapy for
risk factors and possibly broadening the indications for
surgery, although no evidence of bene!cial effects on
mortality exists. Conversely, patients with AIs and dis-
crete ACS (cortisolDST, 50 to 82 nmol/L), who make up
57.5% of our patients with a cortisolDST of 50 nmol/L or
higher, had no clinically relevant increased risk for death
during the follow-up period, but because ACS may pro-
gress, the risk may be increased beyond this period. The
results show that ACS may be a frequently unrecognized
risk factor for death in this population. Estimation of the
prevalence is dif!cult because the detection rate may be
higher in AIs with ACS, leading to lower prevalence of
ACS in undetected “AIs.” However, the combination of a
6% to 10% prevalence of AIs in participants aged 60 to
80 years and a 19.2% prevalence of cortisolDST of 83
nmol/L or higher in patients with an AI leads us to sus-
pect that as much as 1% of the population may develop
ACS with a cortisolDST of 83 nmol/L or higher (2). Further
studies should explore whether screening for this risk
factor in certain patient groups is reasonable.

Our study has limitations. Because of the study
design, only indirect evidence for causality between ACS
and mortality can be provided. Baseline data were col-
lected from electronic records and may be subject to
error. CortisolDST may be elevated in some patients by
causes other than ACS, mainly high metabolism of dexa-
methasone, which would lead to underestimation of the
risk associated with ACS (26). For patients with a
cortisolDST of 200 nmol/L or higher, risk for death could
not be precisely predicted because of the low number of
patients. The MACE and cause of death diagnoses
obtained from national registers may be inaccurate in
10% to 15% of patients; therefore, these results should
be interpreted with some caution, but data acquisition
for the primary end point, all-cause mortality, should be
virtually accurate (27–29). The number of predictors used
may lead to a risk for over!tting, but because the number
of event outcomes per predictor variable is more than
20, this risk seems to be low. Only 55.2% of the patients
had ACTH levels analyzed with the more precise Roche
assay, which reduces the possibility of detecting a
difference.

In conclusion, cortisolDST seems to be a linear risk
factor for death and cardiovascular disease in patients
with an AI and ACS, and a plasma cortisol level of 83
nmol/L or higher is associated with a 2- to 3-fold increase
in mortality. We suggest treatment of known cardiovas-
cular risk factors in these patients and incorporation of
our results in the decision about which patients to recom-
mend for adrenalectomy. In contrast, ACS with lower
cortisolDST is not associated with clinically relevant
increased mortality within 5 to 10 years.

Figure 2. The functional form of the risk for death associated
with different cortisolDST values adjusted for age, sex, smoking
status, eGFR <60 mL/min/1.73 m2, and previous cardiovascu-
lar disease.
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CortisolDST= plasma cortisol level after a 1-mg dexamethasone suppres-
sion test; eGFR= estimated glomerular !ltration rate. Top. Relative risk
with 95% CI for all patients compared with patients with a cortisolDST of
34 nmol/L. The risk seems to increase at a lower rate at cortisolDST levels
above approximately 200 nmol/L. TheP value for linearity of 0.12
opposes linearity. The large 95% CI at cortisolDST !200 nmol/L may be
explained by the fact that only 35 patients had cortisolDST at these levels.
Bottom. Relative risk with 95% CI for patients with cortisolDST <200
nmol/L (n= 1013) compared with patients with a cortisolDST of 34 nmol/
L. The risk seems to increase linearly over the whole range, and the P
value for linearity of 0.61 does not oppose this.
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Table 4. Cause-Speci!c Mortality, According to CortisolDST Group*

Disease Category Deaths, n Cortisol
DST

<50 nmol/L (n = 575) Cortisol
DST

50–82 nmol/L (n = 272) Cortisol
DST

!83 nmol/L (n = 201)

Cardiovascular diseases 65 1.00 0.93 (0.48–1.80) 2.33 (1.27–4.28)
Cancer 51 1.00 1.67 (0.82–3.34) 2.00 (0.98–4.09)
Infectious diseases 6 1.00 1.32 (0.20–8.59) 1.45 (0.17–12.4)
Other diseases† 48 1.00 0.98 (0.47–2.05) 1.78 (0.88–3.61)

CortisolDST = plasma cortisol level after a 1-mg dexamethasone suppression test.
* Values are hazard ratios and 95% CIs (unless otherwise speci"ed) and are based on Cox regression analyses adjusted for age, sex, smoking status,
estimated glomerular "ltration rate <60 mL/min/1.73 m2, and previous cardiovascular disease.
† De"ned as diseases other than cardiovascular diseases, cancer, and infectious diseases.
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Svagheter

• ACS baserat på ett DST
• Uppföljningstid
• Dödsorsaksregistret

Ref: Kjellbom et al. 2021 



Slutsatser

• ACS är en oberoende riskfaktor för död
• Associationen mellan kortisol efter DST och mortslitesriskt är linjär
• Risken ser ut att bli kliniskt relevant vid kortisol ≥83 nmol/L

Ref: Kjellbom et al. 2021 



Mortalitetsrisk hos patienter med AI jmf med kontroller

Ref: Kjellbom et al. 2020 

Figure 2
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Varför är ACS farligt?

Ref: Pivonello et al. 2016; * Prete et al. 2022 

• Mortalitetsrisken kan inte förklaras enbart av ökad förekomst av ”klassiska” kardiovaskulära riskfaktorer

• Hyperkortisolism är associerat med
• Vänsterkammarhypertrofi
• Fibros i hjärtmuskeln
• Förtjockad intima-media
• Tromboembolism
• …

the extent of the cardiometabolic disease burden in per-
sons with benign adrenal tumors with and without corti-
sol excess.

Weaknesses of our study include its cross-sectional
design, precluding the collection of longitudinal data
about cardiometabolic outcomes, and the absence of a
comparator group of persons who also had imaging
under similar circumstance but without being diagnosed
with an adrenal tumor. Routine biochemical assessments
were not standardized across participating centers and
were not measured in a centralized fashion. However,
although we acknowledge that results for 24-hour UFC,
plasma ACTH, and serum DHEAS should be interpreted
with caution, interassay variability of serum cortisol meas-
urements is unlikely to affect the cutoff of 50 nmol/L used
to diagnose MACS (30). We could not include 283 of the

overall 1588 (18%) eligible ENSAT EURINE-ACT partici-
pants with benign adrenal tumors in this study because
they had no recorded 1mg-DST results at the time of ad-
renal tumor diagnosis. Therefore, a degree of selection
bias is possible and should be considered when interpret-
ing the high prevalence of MACS in our study. However,
213 of the 283 persons excluded due to missing 1mg-
DST results were recruited by the 4 German centers that
initially did not test their participants with the 1mg-DST,
which makes a relevant effect of selection bias unlikely.

In conclusion, our study demonstrates that MACS-2
and CS are clinically highly relevant metabolic risk condi-
tions that predominantly affect women, have an increased
prevalence of hypertension and type 2 diabetes, and
present with a more severe clinical phenotype than
NFAT. Affected persons should receive a comprehensive

Figure 3. Effect of different degrees of cortisol excess on cardiometabolic risk.
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Behandlingsalternativ

• Sedvanlig behandling av kardiovaskulära riskfaktorer
• Adrenalektomi
• Läkemedel som påverkar steroidsyntes/glukokortikoidreceptorn



Kirurgi vs sedvanlig medicinsk behandling 

Ref: Cambos and Tabarin 2020; Bancos et al. 2016 

• Totalt ca 300 patienter  studerade i ett tiotal studier
• Resultat, adrenalektomi kan ge blodtryckssänkning och minskad insulinresistens

Saknas randomiserade studier med hårda utfallsmått



Specifik farmakologisk behandling

Ref: Debono et al. 2017; Belokovskaya et al. 2019; Cohan et al. 2019; Debono et al. 2013; Pivonello et al. 2021 

• Metyrapon, 11β-hydroxylashämmare

• Mifepriston /andra 
glukokortikoidreceptorhämmare



Kausalt samband?
Bradford Hill kriterierna

• Styrka – Associationens styrka
• Konsistens – Sambandet har observerats i olika populationer
• Specificitet – Saknas andra troliga förklaringar
• Temporalitet – Exponering före utfall
• Biologisk gradient - Dos-respons 
• Plausibilitet – Trolig mekanism mellan exponering och utfall
• Koherens – Samstämmighet mellan epidemiologi och experiment 
• Experiment - Utfallet minskar om exponeringen upphör?
• Analogi – Kausala samband för liknande faktorer

Ref: Hill 1965 



Take home message
• ACS är vanligt i befolkningen och ”medför” en betydande mortalitetsrisk

• Kortisol efter DST är linjärt i förhållande till mortalitetsrisken

• Kortisol ≥83 nmol/L efter DST indikerar en kliniskt relevant riskökning

• Behandling… Oklart
• Behandling av ”klassiska” kardiovaskulära riskfaktorer
• Väga in den nya kunskapen vid beslut om kirurgi
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records. Imaging studies were done using computed to-
mography or magnetic resonance imaging, and the size
of an AI was de!ned as the maximal axial diameter. The
imaging studies were evaluated by the clinical radiologist
and con!rmed by 2 authors (A.K. and H.O.). We obtained
data on mortality and cause of death from the National
Board of Health andWelfare Cause of Death Register and
data on the components of MACE from the National
Board of Health and Welfare Patient Register and Cause
of Death Register. The Patient Register contains data
on the diagnosis after hospitalization and specialized

outpatient care. Diagnoses in the registers are recorded
with codes from the International Classi!cation of
Diseases, 10th revision, and the Swedish classi!cation of
health care interventions, KVÅ codes (klassi!kation av
vårdåtgärder). Plasma cortisol was analyzed using a 1-step
competitive immunoassay (Cobas, Roche Diagnostics).
The reference range was 171 to 536 nmol/L, the coef!-
cient of variation was 2.1% at 94.9 nmol/L, and the detec-
tion limit was 0.5 nmol/L. The methods for ACTH and
DHEAS analysis are given in theAppendix (available at
Annals.org). The laboratories were accredited by Swedac

Table 1. Characteristics of Patients at Baseline, According to CortisolDST Group

Characteristic Cortisol
DST

<50 nmol/L (n = 575)
Cortisol

DST
50–82 nmol/L (n = 272)

Cortisol
DST

83–137 nmol/L (n = 119)
Cortisol

DST
!138 nmol/L (n = 82)

Patient characteristics
Median age (IQR), y 62.8 (54.4–69.6) 65.8 (60.6–73.9) 68.0 (60.7–75.1) 69.1 (61.3–74.6)
Female sex, n (%) 322 (56.0) 171 (62.9) 77 (64.7) 43 (52.4)
Median weight (IQR), kg* 80.5 (70.2–94.0) 77.6 (66.9–88.4) 78.8 (63.3–87.4) 71.0 (59.7–87.0)
Median BMI (IQR), kg/m2† 28.2 (25.3–32.0) 26.9 (23.7–30.8) 27.0 (23.6–30.7) 25.7 (21.4–29.4)
Current smoker, n (%) 170 (29.6) 105 (38.6) 58 (48.8) 40 (48.8)
Median SBT (IQR), mm Hg 135 (125–149) 140 (130–150) 140 (130–150) 140 (125–155)
Median DBT (IQR), mm Hg 80 (70–85) 80 (70–85) 80 (70–85) 80 (70–85)

Comorbid conditions
Hypertension, n (%) 257 (44.0) 160 (57.8) 80 (67.0) 57 (72.6)
Diabetes mellitus, n (%) 95 (16.5) 60 (22.1) 27 (22.7) 14 (15.0)
Cardiovascular disease, n
(%)

98 (17.0) 63 (23.2) 33 (27.5) 22 (27.5)

Medical history of cancer, n
(%)

92 (16.0) 48 (16.7) 27 (23.9) 21 (29.0)

Lipid-lowering treatment, n
(%)

152 (26.9) 81 (30.0) 46 (40.4) 34 (46.8)

Heart failure, n (%) 11 (2.0) 15 (5.7) 8 (7.3) 7 (8.1)
Median eGFR (IQR), mL/
min/1.73 m2

86 (75–>90) 78 (64–>90) 75 (63–>90) 76 (58–89)

eGFR <60 mL/min/1.73 m2,
n (%)

46 (8.0) 52 (18.3) 26 (22.0) 21 (25.8)

Hormones
Median cortisol level (IQR),
nmol/L‡

437 (346–551) 495 (397–603) 526 (422–620) 611 (437–715)

Median cortisolDST (IQR),
nmol/L

34 (27–41) 61 (55–69) 98 (90–109) 188 (159–265)

ACTH level <2.0 pmol/L, n
(%)§

65 (15.9) 68 (33.0) 43 (48.9) 31 (53.4)

DHEAS level <1.04 mmol/L,
n (%)||

117 (21.5) 86 (33.6) 42 (38.2) 35 (43.8)

Imaging
Bilateral adenomas, n (%) 67 (11.7) 47 (17.3) 32 (26.9) 23 (28.0)
Median adenoma size (IQR),

mm¶
18 (14–24) 20 (16–26) 27 (21–33) 28 (22–39)

Follow-up
Had surgery, n (%) 14 (2.4) 9 (3.3) 11 (9.2) 20 (24.4)
Died, n (%) 62 (10.8) 47 (17.3) 37 (31.1) 24 (29.3)
Median follow-up for
mortality (IQR), y

6.6 (4.8–8.8) 6.4 (4.1–8.8) 6.6 (3.6–9.3) 4.1 (1.8–6.6)

ACTH = corticotropin; BMI = body mass index; cortisolDST = plasma cortisol level after a 1-mg dexamethasone suppression test; DBT = diastolic
blood pressure; DHEAS = dehydroepiandrosterone; eGFR = estimated glomerular !ltration rate; IQR = interquartile range; SBT = systolic blood
pressure.
* Available in the 4 patient groups in 559, 269, 118, and 82 patients, respectively.
† Available in the 4 patient groups in 558, 268, 118, and 81 patients, respectively.
‡ Available in the 4 patient groups in 393, 202, 90, and 60 patients, respectively.
§ Available in the 4 patient groups in 410, 206, 88, and 58 patients, respectively.
|| Available in the 4 patient groups in 543, 256, 110, and 80 patients, respectively
¶ Adenoma size is for the largest if bilateral adenomas.
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Appendix Table 2. ICD-10 and Intervention Codes (KVÅ
Codes), Other Than Cardiovascular Death, Included in the
Composite End Point, MACE

Code Description

I21 Acute myocardial infarction
I22 Subsequent myocardial infarction
I50 Heart failure
I61 Intracerebral hemorrhage
I63 Cerebral infarction
I64 Stroke, not speci!ed as hemorrhage or infarction
FNA-FNF (KVÅ codes) Coronary artery bypass surgery
FNG (KVÅ code) Percutaneous coronary intervention

ICD-10 = International Classi!cation of Diseases, 10th revision; KVÅ =
Swedish classi!cation of health care interventions (klassi!kation av
vårdåtgärder); MACE = major cardiovascular events.

Appendix Table 3. Numbers of Patients Excluded
According to the Exclusion Criteria*

Exclusion Criterion
Patients,
n

Adenoma size <10 mm 97
Metastatic cancer 59
Not an adenoma 75
Pheochromocytoma 31
Primary aldosteronism 34
Treatment with systemic glucocorticoids 56
Treatment with inhaled glucocorticoids 111
Cushing syndrome 9
Dexamethasone test not done 46
Treatment with medication affecting dexamethasone

metabolism
14

Treatment with estrogen 13
Total excluded 545

* Each patient is counted once, in the !rst applicable exclusion crite-
rion appearing in this list.
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