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Abstract

Purpose The current review aims to summarize and discuss the prevalence of confirmed hypercortisolism in patients with
diabetes mellitus or obesity, analysing the screening tests used and their accuracy, in order to better identify whether patients
with diabetes mellitus and obesity should be screened for Cushing’s syndrome (CS) and how.

Methods A narrative review was performed including publications focusing on the current knowledge on prevalence of con-
firmed hypercortisolism in patients with type 2 diabetes mellitus (T2DM) or obesity and on screening tests used to detect CS.
Results The studies reviewed suggest that the prevalence of CS in patients with T2DM is variable, ranging from 0.6 to
9.3%. The most used screening test is the overnight cortisol after | mg of dexamethasone suppression test (DST), with a
false positive rate ranging from 3.7 to 21%. The prevalence of CS among obese patients is generally about 1%, except for
two studies which reported higher prevalence. For obese patients, 1 mg DST and late-night salivary cortisol are the most
accurate screening tests for CS.

Conclusions Clinical expertise remains the mainstay to identify which subjects should be screened for CS. The evaluation
of the clinical stigmata of CS and the combination with clinical comorbidities typical of CS are the stronger predictors of
CS. In addition, we could hypothesize that in patients with T2DM, overnight 1 mg DST is the more accurate screening test
for CS. By contrast, in patients with obesity both LNSC and overnight 1 mg DST could be equally used for the screening of
hypercortisolism.
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Introduction adrenal adenoma or carcinoma, or by a pituitary or ectopic

ACTH hypersecretion.

Cushing’s syndrome (CS) is a quite rare disease with an
annual incidence of 2—-3 per million [1, 2]. It is character-
ized by an endogenous cortisol hypersecretion that can be
caused by an autonomous adrenal cortisol hypersecretion,
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The diagnosis of CS can be delayed also many years after
the onset of the first symptoms, due to the complexity of
the syndrome that is characterized by many cardiovascular
and metabolic disorders, but also by the need of combining
more diagnostic test to confirm the syndrome, due to the
variable accuracy of each test [3].

Recently, a difference between two entities mild auton-
omous cortisol secretion (MACS) and overt CS has been
clarified.

MACS is defined as post-dexamethasone serum cortisol
concentration above 50 nmol/L (> 1.8 pg/dL), without clini-
cal signs of CS such as striae rubrae, bruising, lunaris face,
muscle weakness, due to an adrenal tumour and therefore
ACTH-independent [4—-6]. By contrast, overt CS is associ-
ated with several comorbidities, including arterial hyperten-
sion, diabetes mellitus and increased fracture risk.
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Comorbidities, such as diabetes mellitus, obesity, arterial
hypertension, dyslipidaemia are very frequent in patients
with overt CS, but also in the general population and
therefore poorly discriminating [3, 7]. Conversely, weight
gain, skin alterations and myopathy are the most frequent
presenting symptoms of CS and can be considered more
discriminating [8]. However, in some patients these signs
and symptoms may be missing making more difficult the
diagnosis. For these reasons, the selection of patients to be
addressed for CS is relevant and depends on the experience
of the examiner.

Currently, based on the guidelines of 2008, the screening
for CS is recommended in those patients who show unusual
symptoms for their age including osteoporosis and arterial
hypertension, in patients who show high discriminatory
signs and symptoms including easy bruising, facial pleth-
ora, proximal myopathy, purple striae with width>1 cm, in
children with weight gain combined with low height per-
centile or in patients with adrenal tumour [9].

However, in order to early identify patients with CS,
many studies investigated the prevalence of CS in specific
populations like subjects with obesity or T2DM, with con-
trasting results [10, 11].

The current review aims to evaluate the prevalence of
confirmed CS in patients with diabetes mellitus and obe-
sity, analysing the screening tests used and their accuracy, in
order to better identify whether patients with diabetes mel-
litus and obesity should be screened for CS and how.

An extensive MEDLINE search was performed in July
2023 for the research question by the authors (VG and GR)
independently, and discrepancies were resolved by discus-
sion. A literature search was performed from 1990 to July
2023. The following search words were included: “Cush-
ing’s Syndrome, diabetes, obesity, hypercortisolism”.
Search terms were linked to the Medical Subject Headings
(MeSH) when possible. Keywords and free words were
used simultaneously. Additional articles were identified
with manual searches and included thorough review of other
meta-analyses, review articles, and relevant references.

Prevalence of Cushing’s syndrome in
patients with type 2 diabetes mellitus

Diabetes mellitus and glucose tolerance defects, including
impaired fasting glycaemia (IFG) and impaired glucose tol-
erance (IGT), are very common in patients with CS and their
prevalence is considered to range from 50 to 70% [12, 13].

Several studies evaluated the prevalence of CS, as MACS
or overt hypercortisolism, in patients with diabetes mellitus,
reporting discordant results (Table 1).

@ Springer

Studies which assessed the prevalence of overt CS

Leibowitz et al. reported for the first time 3 cases of con-
firmed CS (prevalence 3.3%) in 90 overweight and obese
(BMI> 25 kg/m?) patients with poorly controlled diabetes
mellitus (HbAlc>9%) [14]. Four patients were initially
identified by non-adequately suppressed cortisol values after
overnight 1 mg dexamethasone suppression test (DST), with
a false positive rate of 2.2%. Patients were further tested
by 2 and 8 mg DST which confirmed 3 cases of CS. Two
patients had a pituitary origin of CS and undergone pitu-
itary surgery with improvement of clinical and biochemical
parameters and only one had an adrenal CS, who undergone
unilateral adrenalectomy.

Contreras et al. screened 48 overweight and diabetic
patients vs. 40 normoglycaemic obese and 36 healthy sub-
jects for hypercortisolism. They were screened by 24 h
urinary free cortisol (UFC) and evening urinary cortisol
together to overnight 1 mg DST. Authors reported a false
positive rate of 1 mg DST in 31% of diabetic patients and
22% of obese subjects [15]. In addition, the diagnosis of
confirmed pituitary CS was defined in only one diabetic
patient, who performed pituitary surgery (prevalence 2%).

Catargi et al. conducted a prospective study on
200 patients with poorly controlled diabetes mellitus
(HbAlc>8%) reporting a prevalence of confirmed CS of
2% (4 out of 200 patients) [16]. Subjects were screened by
overnight 1 DST (cut off 60 nmol/L or 2.18 mcg/dl) as first
line screening test, with a false positive rate of 16.8%. As
second step evaluation, cortisol and ACTH, UFC and 2 mg
for 2 days of DST were performed together with radiologi-
cal imaging. Three out of 4 patients had a pituitary adenoma,
2 undergone pituitary surgery with histological confirma-
tion of CS and 1 who refused pituitary surgery undergone
bilateral inferior sinus petrosal sampling for ACTH mea-
surement. The fourth patient had an adrenal tumour, which
was surgically removed with improvement of clinical and
biochemical parameters.

Reimondo et al. screened 99 patients for CS with newly
diagnosed diabetes mellitus by overnight 1 mg DST (cut off
110 nmol/l or 4 mcg/dL). After, patients were evaluated by
2 mg-2days DST and in patients with high suspicion for CS,
ACTH, UFC, CRH test, midnight cortisol and radiological
imaging were performed. Only 1 case out of 99 (prevalence
of 1%) was a confirmed surgically proven pituitary CS. The
reported false positive rate of 1 mg DST was of 4% [17].

Taniguchi et al. evaluated 77 hospitalized patients with
diabetes mellitus first by midnight cortisol level (cut off 138
nmol/L or 5 mcg/dL) and after by overnight 0.5 mg DST
and ACTH levels. Authors found a prevalence of 2.6% (2
out of 77 cases) of confirmed, surgically proven, pituitary
CS[18].
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Terzolo et al. evaluated the frequency of CS in a multi-
centric prospective study conducted on 813 Italian outpa-
tients with T2DM screened by overnight 1 mg DST. Patients
with a value more than 138 nmol/L or 5 mcg/dL underwent
2 mg-2days DST 3-6 months after first evaluation. In
patients with not suppressed cortisol values, UFC, ACTH
and pituitary MRI or abdomen TAC were performed to con-
firm diagnosis. Authors reported that 6 out of 813 patients
(prevalence 0.7%) had a confirmed diagnosis of CS (5 adre-
nal and 1 pituitary dependent ones) [19]. The false positive
rate of overnight 1 mg DST was 4.1%.

Gungunes et al. screened 277 outpatients with poor
controlled T2DM (HbAlc>7%) despite insulin therapy,
by overnight 1 mg DST (cut off 50 nmol/l or 1.8 mcg/dL),
with a false positive rate of 4.6%. Patients with not sup-
pressed cortisol values underwent a 2 mg-2days DST and in
2 patients (prevalence 0.7%) CS was confirmed, 1 adrenal
and 1 pituitary source, respectively [20].

Cansu et al. evaluated 400 diabetic patients divided
according to HbAlc levels in group A (HbAlc>8%) and
group B (£6.5%). Patients were screened by overnight 1 mg
DST (cut off >50 nmol/l or 1.8 mcg/dL) to detect hypercor-
tisolism. In patients with not adequately suppressed cortisol
values, a confirmatory 2 mg-2days DST (cut off > 1.8 mcg/
dL) and midnight serum cortisol (> 7.5 mcg/dL) were per-
formed. ACTH, pituitary MRI, abdomen CT and 8 mg DST
were further performed. Authors reported a prevalence of
confirmed CS of 2% in group A (patients with poor con-
trolled diabetes) [21], 4 patients with adrenal CS and 1 with
pituitary CS.

Steffensen et al. screened 384 newly diagnosed T2DM
patients by 1 mg overnight DST to identify overt CS.
Patients with cortisol values after DST higher than 50
nmol/L, underwent a 2 mg-2days DST and UFC. Among
all patients included in the study, authors found a 5% preva-
lence of MACS (20 out of 384) [22]. Notably, among 20
patients with hypercortisolism only 3 cases had a confirmed
diagnosis of CS (1 with pituitary form and 2 with adrenal
CS).

Studies which assessed the prevalence of MACS

Chiodini et al. evaluated 294 hospitalized patients with
type 2 diabetes mellitus (T2DM) over 30 years compared
to a control group of non-diabetic subjects matched for age
and BMI to identify the prevalence of MACS. The authors
showed a prevalence of 9.4% of MACS in diabetic patients
vs. 2% in the control group. Diagnostic criteria included
plasma cortisol after overnight 1 mg DST more than 1.8
mcg/dl (50 nmol/l), with at least two of the following other
tests including UFC higher than 60.0 mcg/24 h (165.6
nmol/24 h), plasma ACTH less than 10.0 pg/ml (2.2 pmol/l),

@ Springer

midnight plasma cortisol more than 7.5 mcg/dl (207 nmol/1)
and serum cortisol after corticotrophin-releasing hormone
(CRH) stimulus during dexamethasone administration test
more than 1.4 mcg/dl (38.6 nmol/l) [23]. All patients had
radiological imaging. Authors reported a false positive rate
of overnight 1 mg DST of 6.1%. Among the 30 patients
with MACS identified, 21 were defined as adrenal subclini-
cal hypercortisolism, 4 as pituitary subclinical hypercorti-
solism, 2 as ectopic subclinical hypercortisolism and 3 as
undefined subclinical hypercortisolism. However, only 3
patients had surgical treatment and were histologically con-
firmed CS.

Newsome et al. screened 171 patients with T2DM, over-
weight, aged more than 18 years by overnight 1 mg DST
(cut off 50 nmol/l or 1.8 mcg/dL). Thirty-one patients with
not suppressed cortisol after 1 mg DST (false positive rate
of 17.5%) were further evaluated by UFC (cut off 150
nmol/L), resulting in 3 patients with high UFC levels. In the
end, only one patient resulted having a cyclical hypercorti-
solism, [24].

Murakami et al. screened 90 hospitalized diabetic
patients for MACS. Diagnostic criteria were the presence of
two or more following tests: midnight cortisol higher than
2.5 mcg/dL, cortisol value higher than 80 nmol/L or 3 mcg/
dL after overnight 0.5 mg DST and positive desmopres-
sin test. In patients with positive screening tests, CRH test,
8 mg of DST and pituitary MRI were performed, confirm-
ing 8 cases of MACS (prevalence of 8.9%) [25]. However,
only 6 patients had radiological imaging with only 1 case
with pituitary microadenoma, 2 cases with empty sella and
3 normal pituitary MRI. Unfortunately, no patients under-
gone pituitary surgery.

Costa et al. reported a prevalence of 8.6% of MACS in
a population of 393 diabetic outpatients who underwent
overnight 1 mg DST (cut off >50 nmol/l or 1.8 mcg/dL). In
those patients with not suppressed cortisol values, LNSC in
two samples (cut off >0.35 mcg/dL) were additionally per-
formed [26]. However, in this study the aetiology of hyper-
cortisolism was not investigated.

Studies which did not show increased prevalence of
hypercortisolism

By contrast, other studies did not show increased prevalence
of CS in patients with T2DM. Liu et al. evaluated 154 elderly
men with T2DM compared with a control group of 54 men,
by LNSC, with a reported false positive rate of 12%. The
old age at enrolment in the study was maybe the main expla-
nation of the missing CS diagnosis. In patients with high
LNSC values, UFC and overnight 1 mg DST (serum corti-
sol> 50 nmol/l or 1.8 mcg/dL) were additionally performed.
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No cases of CS were found among the patients included in
the study [27].

Caetano et al. screened 103 overweight outpatients
with diabetes mellitus by LNSC and overnight 1 mg DST.
Patients with upper quintile values for each test were further
studied by 2 mg-2 days DST, without finding any cases of
CS [28].

Similarly, Mullan et al. did not identify patients with CS
among 201 overweight diabetic patients with HbAlc> 7%
and arterial hypertension. LNSC was used as first screening
test, with a false positive rate of 17.4%, followed by over-
night 1 mg DST (cut off 60 nmol/L or 2.18 mcg/dl) [29].

Gagliardi et al. screened 106 overweight diabetic patients
by LNSC for MACS. Three patients with high LNSC were
further tested by overnight 1 mg DST (serum cortisol > 50
nmol/l or 1.8 mcg/dL) and UFC. No cases of CS were defi-
nitely found among patients included in the study [30]. A
false positive rate of 3% for LNSC was reported.

A large single centre prospective study screened 993
T2DM outpatients by overnight 1 mg DST (cut off >50
nmol/l or 1.8 mcg/dL) to identify MACS. Thirty-three
patients with positive DST underwent a 2 mg-2days DST
without finding any cases of CS [31].

Prevalence of Cushing’s syndrome in
patients with obesity

Central obesity is very common in patients with CS and it
is characterized by a redistribution of adipose tissue from
limbs to abdominal region, face, neck and trunk. For this
reason, it may be hypothesized that patients with central
obesity should be screened for CS.

Several studies have evaluated the reliability of CS
screening in patients with obesity, with discordant results
(Table 2).

Studies which assessed the prevalence of overt CS

Ness-Abramof et al. screened 86 patients with obesity
(combined with arterial hypertension or diabetes mellitus),
by 1 mg overnight DST (cut off >3 mcg/dL or 80 nmol/L),
confirming CS in 5 out 86 patients (prevalence 3.5%).
Among 5 patients with confirmed CS, 3 had a pituitary
surgery, 1 had a macronodular adrenal hyperplasia and the
other 1 had a cyclical CS [32].

Pasquali et al. evaluated the suppressibility of the hypo-
thalamic-pituitary-adrenal axis in 34 normal-weight and 87
obese subjects by overnight 1 mg DST and three different
weight-adjusted dexamethasone doses [33]. Authors did
not find any differences in serum cortisol between the two
groups after the standard 1-mg DST (all patients suppressed

cortisol levels to < 138 nM or 5 mcg/dL) and the adjustment
of dexamethasone dose to body weight did not change the
sensitivity of the test, even in obese patients.

Tiryakioglu et al. screened 150 obese people by UFC (cut
off 100 mcg/24 h) and overnight 1 mg DST (cortisol cut
off > 1.8 mcg/dL or 50 nmol/L) confirming, by histological
exam, CS in 14 out of 150 patients (prevalence 8.7%) [34].

Fierabracci et al. screened 783 obese patients before bar-
iatric surgery by overnight 1 mg DST (cortisol cut off >3
mcg/dL or 80 nmol/L) [35]. Patients with abnormal results
underwent a 2 mg-2days DST finding a prevalence of 0.8%
of confirmed CS.

Sahin et al. screened 354 obese patients by overnight
1 mg DST (cortisol cut off >1.8 mcg/dL or 50 nmol/L)
reporting a false positive rate of 1.4% [36]. Patients who
failed to suppress cortisol values after DST, performed a
2 mg-2days DST, with a prevalence of 0.5% of confirmed
CS.

Alambra Exposito et al. retrospectively evaluated 399
patients with obesity who were screened for CS before
undergo bariatric surgery, by overnight 1 mg DST (corti-
sol cut off > 1.8 mcg/dL or 50 nmol/L). Patients who failed
to suppress cortisol after DST underwent UFC. Among the
399 patients, only one case of CS was confirmed (preva-
lence 0.25%) [37].

A low prevalence (0.77%) of confirmed CS was also
reported by Yavuz et al. who screened 1037 class 3 obese
patients before bariatric surgery by overnight 1 mg DST
(cortisol cut off >1.8 mcg/dL or 50 nmol/L) [38]. Patients
with not adequately suppressed cortisol values were fur-
ther evaluated by two samples of UFC (cut off > 100 pg/
day), 2 mg-2days DST, ACTH and midnight serum cortisol
values.

Atar et al. screened 813 obese patients finding hypercor-
tisolism in 39 patients with a prevalence of 5.4%. Patients
were screened by overnight 1 mg DST (cortisol cut off > 1.8
mcg/dL or 50 nmol/L) [39] and after confirmed by ACTH,
2 mg-2days DST, UFC and LNSC. However, only 4 patients
with pituitary disease and 3 with adrenal tumours had a
surgically confirmed diagnosis of CS with a prevalence of
0.8%.

Similarly, Baldane et al. screened 753 class 3 obese
patients, before bariatric surgery, by overnight 1 mg DST
(cortisol cut off > 1.8 mcg/DI or 50 nmol/L) showing inade-
quate suppression in 3.18% of patients, reporting a specific-
ity of 97.5%. CS was further confirmed by additional tests
in 0.75% of patients [40].

In the end, Javorsky et al. retrospectively reviewed 16
patients with CS who were diagnosed after performance of
bariatric surgery, suggesting that CS may be unrecognized
in patients undergoing bariatric surgery [41].
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& o = Studies which did not show increased prevalence of
7] on 3 . .
B E é I ¢ e S {% hypercortisolism
S8 gldan o5=28
. o Baid et al. conducted a large prospective study on 369 over-
- < . .
s »Z 5 weight and obese patients who were screened by LNSC,
S = 2axg > . . . . .
§o 8 R 2Es UFC and overnight 1 mg DST to identify CS. Patients with
YRR P N abnormal results underwent 2 mg-2days DST and dexa-
= ) methasone-CRH test without confirming any cases of CS
E kS [42].
g E 5 Jankovic et al. screened 433 obese patients before under-
S " N going bariatric surgery by overnight 1 mg DST (cortisol cut
o off >3 mcg/dL or 80 nmol/L) and further by UFC and 2 mg-
1 i 2 e e 2days DST without confirming any cases of CS [43].
@& |=A - A
— o v
Q o <t
EENE % Discussion
o= |Z &
& g We reviewed the current knowledge of the prevalence of
g g ks confirmed CS in patients with diabetes mellitus or obesity.
=2 |g We evaluated 18 and 12 original studies which screened

patients with T2DM or obesity, respectively, for CS.

With regard to diabetes mellitus, in 5 out of 11 studies,
authors did not find any cases of CS. In the remaining 6 stud-
ies the prevalence of CS ranged from 0.6 to 9.3%. Higher
prevalence was reported by Chiodini et al. [23]. , Murakami
et al. [25]. and Costa et al. [26]. who reported a prevalence
of CS 0f 9.3, 8.9 and 8.6%, respectively. Chiodini et al. and
Murakami et al. included hospitalized patients, while Costa
et al. evaluated outpatients. Patients included in the study
by Murakami et al. had not diabetic complications, patients
included in the study by Chiodini et al. had a longstand-
ing diabetes mellitus without need of insulin therapy in the
first 2 years of disease and those included in the study by
Costa et al. had diabetic microvascular complications. The
higher prevalence of hypercortisolism in these studies could
also depend on the diagnostic criteria used in both screening
and confirmatory tests, in which sensitivity was privileged

Pregnant women, patients with alcohol abuse, exogenous 40+ 12

glucocorticoid use, kidney or liver diseases or patients

parenteral or topical glucocorticoids, oral contraceptives
previously suspected with CS or adrenal mass

or drugs that could induce CYP 3A4 enzymes, patients
with type-1 DM, and those with a history of psychiatric

illnesses, including major depression and obsessive-

kidney failure (GFR < 60 ml/min), patients using oral,
compulsive disorder

years of age, pregnant women, patients with liver and

g/m2  Previous diagnosis of CD, CS or ACS, patients < 18

Inclusion criteria  Exclusion criteria

Abbreviations: DST dexamethasone suppression test, UFC urinary free cortisol, LNSC late night salivary cortisol

= % over specificity. Further, all these studies did not report the

= = § prevalence of confirmed CS, but only of MACS. Indeed, in

N I :‘I:) & the study conducted by Chiodini et al. only 3 patients had

% % Q %" a surgical confirm of CS, while in the studies conducted by
Murakami et al. and Costa et al. no surgically confirmed CS

£, E E cases were reported. This aspect could explain why these
§ g §_ 3 studies showed higher prevalence than the others, which

e é é showed a mean prevalence of 1-2% of confirmed CS.

& ~ ~ Further, the higher rate of hypercortisolism in hospital-
RE ized patients may represent a bias due to the stress of hos-
'§ % - pitalization which could be a risk for false positive results.
£ 3 S o In addition, if we would consider the total of patients
§ A - S included in the current revision, we could calculate a mean
: q Q prevalence of 2% of confirmed CS (about 74 out 3336),
3E |5 g
e & < ax
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similar to that reported by the studies which evaluated the
prevalence of only confirmed CS.

In the metanalysis performed in 2016 by Steffensen et
al., a prevalence of hypercortisolism and confirmed CS, in
patients with T2DM, was reported in 3.4% and 1.4% respec-
tively [44]. Our revision of the data is in accordance with
metanalysis by Aresta et al. who showed that studies which
used more specific and less sensitive screening criteria had
the lowest prevalence (0.7-1.3%), while those using fewer
specific criteria had a prevalence rate of about 10%. In addi-
tion, Aresta et al. concluded that patients with T2DM with
arterial hypertension (notably those treated with at least
2 anti-hypertensive drugs), requiring insulin therapy and
those with diabetic microvascular and macrovascular com-
plications should be screened for hidden hypercortisolism
[45].

Another aspect we focused on, is which test could be the
more appropriate to screen patients with T2DM for CS. In
11 out of 18 studies reviewed, cortisol after 1 mg of DST
was the most used. In these studies, different cut offs were
used. In 7 out of 11 studies the used cut off was > 1.8 mcg/
dL with a false positive rate ranging from 3.7 to 21%. In the
remaining 4 out of 11 studies, which used higher cut offs
(3 or 5 mcg/dL), the false positive rate was lower, ranging
from 2.2 to 16.8%. In 4 out 18 studies, LNSC was used as
first line screening test, with a false positive rate ranging
from 3 to 19.4%. Two out 18 studies screened CS by mid-
night serum cortisol, with higher false positive rate rang-
ing from 32 to 54%. The other remaining study combined
more screening tests, reducing the number of false positive
results.

Interestingly, Steffensen et al. compared the accuracy of
LNSC, 1 mg DST and UFC as screening tests for hypercor-
tisolism, showing that LNSC had a lower specificity than
1 mg DST in patients with diabetes mellitus [22]. Another
study by Steffensen et al. compared the accuracy of LNSC
and overnight 1 mg DST in detecting CS in patients with
T2DM [44]. Authors included 382 newly diagnosed patients
with T2DM who performed LNSC (cut off >3.6 nmol/L)
and overnight 1 mg DST (cut off >50 nmol/L or 1.8 mcg/
dL). 86% of patients who performed LNSC had high cor-
tisol values, while only 22% of them had not suppressed
cortisol values after DST. LNSC showed sensitivity of 85%
and specificity of 14%, positive predictive value of 22%,
negative predictive value of 76% and overall accuracy of
30% compared to DST. Both LNSC and DST values were
not associated with HbAlc, BMI and age. Steffensen et al.
concluded that LNSC was characterized by very low speci-
ficity and poor positive predictive value as compared to the
DST, resulting in an overall low accuracy.

With regard to the screening for CS in patients with obe-
sity, we reviewed 12 studies. Among them, 2 studies did

@ Springer

not find any cases of CS in obese patients. The other stud-
ies reported a low prevalence of about 1% or less, except
for those conducted by Ness-Abramof et al. [32]. , which
reported a prevalence of 3.5% and by Tiryakioglu et al. [34].
which reported a prevalence of 8.7%. However, Tiryakioglu
et al. reported the prevalence of MACS. Indeed, the calcu-
lated prevalence of surgically confirmed CS was signifi-
cantly lower, about 0.8%.

A recent systematic review and metanalysis aimed to
evaluate the prevalence of several endocrine disorders in
obesity showed that the pooled prevalence of hypercor-
tisolism in obese subjects from a random effect was 0.9%
[46]. The mean BMI was not correlated to the reported
prevalence.

Belaya et al. evaluated the diagnostic performance of
LNSC in detecting CS in 123 obese patients and 98 healthy
subjects reporting that a cut-off value of 9.4 nmol/l can dif-
ferentiate CS among obese and overweight patients with
sensitivity of 84.4% (95% CI 71.2-92.2), specificity of
92.3% (95% CI 84.2-96.4), and diagnostic odds ratio of
65.1 (95% CI 20.4-207.6) [47]. More recently, another
study evaluated the specificity of LNSC for the screening of
CS on 157 patients, including 40 healthy subjects, 83 obese
subjects and 34 patients with histopathologically proven
CD, on three different cut-offs. Analysing healthy subjects
and obese patients, against the CD group, ROC analysis
showed a sensitivity of 67.6% and specificity of 85.4% for
a cut-off value of 12.3 nmol/L [48]. Similarly, Ceccato et
al. showed that LNSC had a high diagnostic accuracy to
exclude hypercortisolism in patients with normal cortisol
levels, also measured in chemiluminescence, even though
mass spectrometry could reduce the number of false-posi-
tive results [49].

Lammert et al. evaluated the specificity of overnight
1 mg DST in 278 obese patients screened for CS, show-
ing a low prevalence (0.8%) of hypercortisolism in their
population, with a good specificity 92% of the test (<50
nmol/L). After exclusion of drugs interfering with CYP3A4,
the specificity increased to 94.9% [50]. Similar data were
reported by Sahin et al. who reported 1.4% of false positive
test of overnight 1 mg DST [36]. More recently, Yavuz et al.
also evaluated the specificity of overnight 1 mg DST for the
screening of obese patients, reporting a value of 96.8% (cut
off 1.8 mcg/dL) [38]. Almost all studies used the cortisol
after 1 mg DST as first line screening test, with low false
positive rates, except for the study conducted by Tiryakio-
glu et al., which used UFC as first screening test, with a false
positive rate of 15.3%. The studies which evaluated LNSC
and overnight 1 mg DST accuracy showed that LNSC had a
good specificity for the screening of CS, ranging from 85.4
to 92.3% [47, 48]. Similarly, overnight 1 mg DST showed
higher specificity for the screening of CS in patients with
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obesity and lower false positive rates [50]. Further, Ellis et
al. compared LNSC with UFC and overnight 1 mg DST in
40 obese T2DM patients [51]. Authors reported a specific-
ity of 70% of LNSC, 90% of UFC and 72% of 1 mg DST,
respectively. The specificity of LNSC was significantly less
than UFC (p=0.039), but similar to 1 mg DST.

We should also mention that the high false positive rate of
hypercortisolism reported in many studies on obese patients
could be explained by the effort to counteract local cortisol
excess in obesity. Indeed, an inverse significant relationship
has been reported between cortisol levels (UFC and 1 mg
DST) and BMI values [52].

According to the above-mentioned studies, we could
hypothesize that in patients with T2DM, overnight 1 mg
DST is the more accurate screening test for CS. By contrast,
in patients with obesity both LNSC and overnight 1 mg
DST could be equally used for the screening of hypercorti-
solism. Therefore, in obese patients, LNSC could be a more
accurate screening test for hypercortisolism, than in patients
with T2DM.

In conclusion, the prevalence of CS both in patients
with T2DM and in patients with obesity was very different
among the studies included in the current review. Indeed,
patients’ populations and study designs were much differ-
ent, the typical phenotypic characteristics of cortisol excess
were generally exclusion criteria, some studies reported the
prevalence of MACS, while others of confirmed CS and the
biochemical work-up was very heterogeneous using LNSC,
UFC and cortisol after 1 mg DST as screening tests. In addi-
tion, among the studies which used cortisol after overnight
1 mg DST as first-line screening test, the cut-offs were very
different ranging from 1.8 to 5 mcg/dL, making heteroge-
neous the results and requiring further confirmatory tests.
Another limitation was also the setting of the centre, indeed
high volume or academic centre might centralize peculiar
resistant subjects, thus increasing the likelihood of rare dis-
ease discovery.

It is clinically plausible that patients with additional
comorbidities over T2DM should potentially have an
increased risk of hidden hypercortisolism. The evaluation
of the clinical stigmata of CS and the combination with
comorbidities typical of CS may be stronger predictors of
unknown CS and are more important than the screening test
alone, which is not cost-effective. Currently, the available
data are not sufficiently satisfactory to suggest a wide and
indiscriminate screening in patients with T2DM or obesity.
Further, obesity alone can be a pitfall because it can be a
condition of HPA axis activation and should be always dis-
criminated the central obesity combined with thin arms and
legs, highly suggestive for hypercortisolism, from the non-
specific generalized obesity.

Therefore, in the era of artificial intelligence, the human
intelligence remains the best cost-effective screening
test in identifying which subjects should be screened for
hypercortisolism.
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