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Abstract
Context:  Cushing syndrome (CS) is a rare and serious disease with high mortality. Patients are often diagnosed late in the course of the disease.
Objective: This work investigated whether defined patient populations should be screened outside the at-risk populations defined in current 
guidelines.
Methods:  As part of the prospective German Cushing registry, we studied 377 patients with suspected CS. The chief complaint for CS referral 
was documented. Using urinary free cortisol, late-night salivary cortisol, and the 1-mg dexamethasone suppression test as well as long-term 
clinical observation, CS was confirmed in 93 patients and ruled out for the remaining 284.
Results:  Patients were referred for 18 key symptoms, of which 5 were more common in patients with CS than in those in whom CS was ruled 
out: osteoporosis (8% vs 2%; P = .02), adrenal incidentaloma (17% vs 8%, P = 0.01), metabolic syndrome (11% vs 4%; P = .02), myopathy 
(10% vs 2%; P < .001), and presence of multiple symptoms (16% vs 1%; P < .001). Obesity was more common in patients in whom CS was 
ruled out (30% vs 4%, P < .001), but recent weight gain was prominent in those with CS. A total of 68 of 93 patients with CS (73%) had typ-
ical chief complaints, as did 106 of 284 of patients with ruled-out CS status (37%) according to the Endocrine Society practice guideline 2008.
Conclusion: The 2008 Endocrine Society Practice guideline for screening and diagnosis of CS defined at-risk populations that should undergo 
testing. These recommendations are still valid in 2022.
Key Words:  Cushing disease, hypercortisolism, cortisol, ACTH, diagnostic score, PCOS
Abbreviations:  ACTH, adrenocorticotropin; BMI, body mass index; CS, Cushing syndrome; PCOS, polycystic ovary syndrome.

Cushing syndrome (CS) is a rare condition (1) that is often 
diagnosed late in the course of disease, often years after the 
first onset of symptoms (2). Diagnosis and management of 
the disease are difficult (3), as CS is typically characterized 
(and identified) by the presence of multiple symptoms (4). 
Many symptoms, like hypertension, diabetes, weight gain, or 
osteoporosis, are very common among the general popula-
tion, whereas others, like purple striae, are quite specific to CS  
(5, 6). Obviously, patients can present oligosymptomatically—
both initially during primary disease manifestation and espe-
cially at recurrence (7, 8). The low incidence of CS and the 
clinical overlap with pseudo-Cushing states (9), that is, pa-
tients with metabolic syndrome or polycystic ovary syndrome 
(PCOS) (5), can delay a definitive diagnosis and treatment, re-
sulting in increased morbidity and mortality among patients 
(10-12).

Studies have been performed to identify patients with CS 
at earlier stages in cohorts with a relevant prevalence of CS 

(13, 14). In patients with diabetes mellitus, the prevalence of 
CS is low, ranging between 0% and 3%, depending on pa-
tient selection (15-17). The likelihood for hypercortisolism is 
higher in patients with advanced type 2 diabetes according 
to a recent meta-analysis (18). The prevalence of CS among 
patients with hypertension is similarly low (19, 20); however, 
screening can be recommended in young patients with re-
sistant hypertension or concomitant diabetes (13). Screening 
approaches in patients with obesity are a matter of debate 
(13), as results differ greatly between studies (21). However, 
in general, screening for endogenous hypercortisolism in 
this group is not recommended (13). Other suggested at-risk 
populations might be patients with hypogonadotropic hypo-
gonadism (22), young patients with osteoporosis and verte-
bral or rib fractures (22), patients with central obesity and 
clinical signs for CS (22), and with adrenal incidentaloma  
(23, 24). However, the high prevalence of patients with osteo-
porosis and CS has been questioned (25).
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Based on the guideline of the US Endocrine Society in 
2008, adult patients with unusual symptoms for their age 
(eg, osteoporosis, hypertension), with multiple and progres-
sive symptoms, particularly those that are more predictive 
of CS, and with adrenal incidentaloma compatible with ad-
enoma should be screened. The same applies to children with 
below average height and above average weight (26). While 
a few studies proved the value of screening in certain popu-
lations (23, 27), a contemporary reassessment is necessary to 
prove that phenotypic presentation has not shifted because of 
secular trends in obesity, diabetes, and hypertension epidemi-
ology. We analyzed clinical signs and symptoms that initiated 
transfer to our tertiary center for screening of CS in recent 
years to test whether current screening recommendations are 
still valid (28).

Materials and Methods
Patients and Data Acquisition
This study is part of the German Cushing Registry. Since 2012, 
a total of 432 patients have been prospectively evaluated at 
the Munich tertiary center for CS and formed the basis of this 
study (Fig. 1). The following patients were excluded: patients 
who were referred for a second opinion, as biochemical evalu-
ation of CS was already completed (n = 36); patients with 
cyclic CS (n = 3) or with a familiar form of Cushing disease 
(n = 10), and patients in whom the presenting problem was 
not clearly stated (n = 6).

The remaining 377 patients were evaluated according to 
current guidelines (29), as described previously (30). Clinical 
signs and symptoms were captured in a standardized fashion. 
Standard biochemical screening was performed according 
to guidelines (26, 31), including a sample of 24-hour urine 
cortisol, late-night salivary cortisol, and 1-mg low-dose dexa-
methasone suppression test in all patients. We always per-
form all 3 tests but repeat urinary and salivary sampling 
a second time only if we think they could be false positive 
or false negative (eg, false collection). The chief complaint 
leading to consultation based on the patient’s health records 
was noted. Final diagnosis was based on signs and symptoms, 
biochemical testing, surgery outcome, histopathology, and 
follow-up. Finally, CS was confirmed in 93 patients and ruled 
out in 284 patients. Subtyping of CS was conducted based 
on corticotrophin-releasing hormone test, if needed inferior 
petrosal sinus sampling and imaging, and final diagnosis was 
confirmed by surgery. In patients with adrenal incidentaloma, 
catecholamine excess and primary hyperaldosteronism were 
also excluded.

All patients were categorized according to their chief com-
plaint following the Endocrine Society Practice guideline re-
commendations into 3 main categories: A) unusual features 
for age; B) multiple (defined as > 3 typical symptoms for CS) 
and progressive features; and C) adrenal incidentaloma com-
patible with adenoma. We also evaluated the negative recom-
mendation against screening in other patient groups (D.).

For statistical analysis, SPSS 26 (IBM) was used. Differences 
between groups were tested by nonparametric tests. P values 
less than .05 were considered to be statistically significant. 
The German Cushing registry was approved by the ethic 
committee of the LMU Munich. All patients gave written in-
formed consent.

Results
Patient Characteristics
Seventy-six percent of patients were female (in both groups). 
Patients with CS were older than patients in whom CS was 
ruled out (median 49 vs 36 years). Blood pressure and glycated 
hemoglobin A1c were significantly higher in patients with CS 
(P < .001), while their body mass index (BMI) was similar. 
As expected, all screening parameters (urinary free cortisol, 
late-night salivary cortisol, and 1-mg low-dose dexametha-
sone suppression test) were significantly different between 
groups (Table 1). In the group of patients with CS, 67% were 
diagnosed with pituitary CS, 28% with adrenal CS, and 5% 
with ectopic CS.

Chief Complaint for Consultation and Screening in 
Patients With Cushing Syndrome and Ruled-out CS
We identified 18 different chief complaints for which patients 
were transferred to the tertiary center (Table 2). The 3 most 
common reasons were obesity/weight gain (n = 89, 24% of 
patients), adrenal or pituitary incidentaloma (n = 40, 11%), 
and hypertension (n = 40, 11%). The frequencies of the chief 
complaints are listed in Table 2. Half the patients screened for 
CS belonged to groups that are not counted as the priority 
groups recommended by the 2008 guidelines (see Tables 2 
and 3). CS was diagnosed in 12% of those patients, compared 
to 39% among those who fall into the screening groups A to 
C as recommended by the 2008 guidelines.

Group A  consisted of patients who had unusual features 
for their age. These were, for example, osteoporosis and 
osteopenia, which were chief complaints in 12 patients, of 
whom 7 (58%) received a final diagnosis of CS. Hypertension, 
mostly of new onset, was found in the consultation recom-
mendation notes of 40 patients, and CS was confirmed in 
5 (13%). Group  B patients had multiple and progressive 
features, particularly those that are more predictive of CS. 
Eighteen patients presented with multiple symptoms (defined 
as > 3 typical symptoms for CS), and CS was diagnosed in 
15 (83%). Details regarding these symptoms are presented in 
Table 4. Myopathy was the chief complaint in 14 patients, and 
CS was confirmed in 9 (64%). Metabolic syndrome was also 
common (22 patients), with 10 (45%) having CS. Twenty-
eight women presented with hyperandrogenic symptoms, and 
21% had confirmed CS. Finally, group C patients had adrenal 
or pituitary incidentaloma compatible with adenoma. There 
were 40 patients in this group, of whom 16 (40%) received a 
final diagnosis of CS.

Group D consisted of 203 patients who did not fall in one 
of the aforementioned categories. Of those, 25 (27%) re-
ceived a final diagnosis of CS. Details are depicted in Table 2.

Likelihood of Cushing Syndrome
Of the chief complaints, 6 were significantly different between 
patients with confirmed CS and those where CS was ruled out 
(Table 5). Five were significantly more frequent in CS: osteo-
porosis (8% vs 2%; P = .02), incidentaloma (17% vs 8%; 
P = .01), metabolic syndrome (11% vs 4%; P = .02), myop-
athy (10% vs. 2%; P < .001), and multiple symptoms (16% 
vs 1%; P < .001). Obesity or weight gain were more common 
in those in whom CS was ruled out (30% of patients vs 4% 
in CS; P < .001). Multiple symptoms were the most important 
aspect increasing probability for CS (odds ratio [OR] 18.0 
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[5.1-63.8]), while weight gain/obesity decreased probability 
for CS (OR 0.11 [0.04-0.30]) (Fig. 2).

The Obesity Phenotype
Obesity and weight gain were the most frequent chief com-
plaint to screen for CS (n = 89, thereof 85 CS ruled out, 4 CS) 
but also the presenting problem that made diagnosis of CS 

most unlikely. Obesity or weight gain was in fact the “only” 
chief complaint in these patients; they did not have another 
major clinical problem.

In 70 of 89 patients obesity was a lifelong problem (often 
since childhood). Seventeen of 89 patients reported a very re-
cent weight gain (in the last year). In 2 patients, onset was 
unclear/unknown.

Figure 1.  Patient selection figure created with BioRender.com.

Table 1.  Patient characteristics of the study cohorts (shown as median and ranges)

 Cushing syndrome  
(n = 93) 

Ruled out  
(n = 284) 

P 

Sex 76% women 76% women –

Age, y 49 (36-58) 36 (25-52) < .001

Body mass index 30 (25-34) 31 (26-39) .06

Blood pressure, mm Hg 141 (130-157)/90 (81-100) 130 (118-141)/82 (77-90) < .001

HbA1c, 4.0%-6.0% 5.8 (5.4-6.5) 5.3 (5.1-5.8) < .001

Serum cortisol 9 am, 1.8-24 µg/dL 21 (15-29) 9 (7-13) < .001

ACTH 9 am, 4-50 pg/mL ACTH-dependent: 63 (35-92)  
ACTH-independent: 2.5 (2-5)

12 (8-19) < .001

Urinary free cortisol, < 150 µg/24 h 412 (242-786) 114 (80-191) < .001

Late-night salivary cortisol, < 1.5 ng/mL 7.2 (3.9-11.9) 1.0 (0.7-1.7) < .001

1-mg low-dose dexamethasone 
suppression test, < 2.0 µg/dL

13.4 (5.9-22.3) 1.0 (0.8-1.4) < .001

Abbreviations: ACTH, adrenocorticotropin; HbA1c, glycated hemoglobin A1c.
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In patients in whom CS was ruled out, the majority suf-
fered from lifelong obesity (69/83, 83%). Among the 4 pa-
tients with confirmed CS, acute weight gain within 1 year was 
present in the 3 patients with pituitary CS, but not in the 1 
patient with adrenal CS. The BMI of patients that presented 
with weight gain/obesity was higher in the ruled-out group 
than in patients with CS (38 [29–43] vs 33 [26–36]; P = not 
significant).

Discussion
The main finding of this study is that the 2008 Endocrine 
Society guideline recommendations are valid and identified 
roughly 73% of cases presenting with unusual features for 
age, multiple and progressive features, and incidentaloma in 
our prospective series covering 10 years between 2012 and 
2021. On the other hand, other chief complaints than those 

Table 3.  Summary of screening recommendations

Screening group No. of patients  
in total 

No. of patients 
diagnosed with CS 

Group A: patients with unusual features for age 52 12 (23%)

Group B: patients with multiple and progressive features, particularly those that are 
more predictive of CS

82 40 (49%)

Group C: patients with adrenal incidentaloma compatible with adenoma 40 16 (40%)

Summary groups A-C 174 68 (39%)

Group D: recommendation against widespread testing for CS in any other patient group 203 25 (12%)

Abbreviation: CS, Cushing syndrome.

Table 2.  Reasons for consultation/screenings in the study cohorts

 CS  
(N = 93) 

CS ruled out  
(N = 284) 

Reason for consultation/chief complaint in accordance to guideline recommendation   

Unusual features for age (group A)   

Osteoporosis/osteopenia 8% (N = 7) 2% (N = 5)

Hypertension 5% (N = 5) 12% (N = 35)

Multiple and progressive features (group B)   

Multiple symptomsa 16% (N = 15) 1% (N = 3)

Metabolic syndrome 11% (N = 10) 4% (N = 12)

Myopathy 10% (N = 9) 2% (N = 5)

“PCOS” symptoms (acne, hirsutism, menstrual changes) 6% (N = 6) 8% (N = 22)

Adrenal incidentaloma (group C)   

Incidentaloma 17% (N = 16) 8% (N = 24)

∑ in recommended group N = 68 (73%) N = 106 (37%)

Reason for consultation/chief complaint in other groups (group D)   

Obesity/weight gain 4% (N = 4) 30% (N = 85)

Fatigue/tiredness 3% (N = 3) 5% (N = 15)

Visual Cushing diagnosis (by external physician)b 3% (N = 3) 5% (N = 15)

Edema 3% (N = 3) 4% (N = 12)

Lab resultsc 2% (N = 2) 4% (N = 12)

Suspicious clinical signsd 2% (N = 2) 1% (N = 4)

Psychiatric disorders 1% (N = 1) 3% (N = 8)

“Visual diagnosis” (by patient or family)d 1% (N = 1) 2% (N = 7)

Sweating 1% (N = 1) 2% (N = 5)

Other 5% (N = 5) 5% (N = 15)

∑ in this group N = 25 (27%) N = 178 (63%)

Abbreviations: BDI, Beck Depression Inventory; CS, Cushing syndrome; PCOS, polycystic ovary syndrome.
aMultiple symptoms: more than 3 symptoms that can be typical for CS (eg, hypertension AND diabetes AND sleeping disorders).
bVisual diagnosis (by physician): any physician suspected CS just by the clinical appearance of the patient (most often during consultation for an unrelated 
clinical problem).
cLab results: Serum cortisol was elevated in a measurement (measurement without initial suspicion of CS).
dVisual diagnosis (by patient): Patient looked up their own appearance on the internet and suspected CS or patient knows someone with CS and suspects 
they might suffer from it as well. 
dClinical signs: moon face (twice), striae (3 times), signs of aging.
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mentioned earlier were present in 27% of patients with CS, 
which should be considered in clinical practice.

Implications for Clinical Practice
In our experience, half the patients submitted for screening 
of CS in our specialized center (see Table 1) did not belong 
to one of the recommended groups for screening. As CS is a 
severe disease when left untreated or diagnosed late—leading 
to an increased mortality and morbidity (10, 32, 33)—sensi-
tivity of screening should be conceptually high to avoid false-
negative results. Although the frequency of CS was low in 
some categories of the chief complaints, our data do not argue 
against screening in those instances.

Psychiatric disorders were a very uncommon reason for 
patient referrals for screening. This is interesting, as depres-
sion or/and other psychiatric disorders are very common in 
patients with CS, affecting up to 80% of patients (5, 34, 35). 
The prevalence of depression (36) is high but CS seems to be 
seldom suspected in this group. Future studies are needed to 
analyze the prevalence of CS in patients with psychiatric dis-
orders. PCOS-like symptoms were a common reason for con-
sultation. In a retrospective study, Brzana et al (37) showed 
a high prevalence of former treatment for suspected PCOS in 
patients with confirmed CS. It seems to be very reasonable to 
screen women with these symptoms or this diagnosis for CS 
as well because the prevalence of CS seems to be high in this 

group but so far, there have not been any prospective studies 
to evaluate the prevalence of CS among patients with PCOS.

Obesity
Obesity, which was the most common reason for patient re-
ferrals to our center, was associated with a very low pretest 
probability of diagnosing CS. Furthermore, as known by a 
study by Baid et al (38) , biochemical screening tests can be 
falsely abnormal in patients with obesity, another argument 
against widespread screening in this group. Similar results 
were reported by Catargi et  al (39) in 200 obese patients 
with type 2 diabetes mellitus. A quarter of them showed ab-
normal results in the 1-mg low-dose dexamethasone suppres-
sion test, and CS was finally confirmed in only 4 patients. 
Controversially, Javorsky and colleagues (40) identified in 
a small but multicentric study 12 patients in whom CS was 
diagnosed after performance of bariatric surgery. However, 
half these patients suffered additionally from hypertension 
and/or diabetes mellitus (40). Based on these data and other 
case reports, there are screening recommendations for CS in 
patients seeking bariatric surgery (41-43). In contrast, in a re-
cent clinical score for CS, a BMI above 30 was a negative pre-
dictor for CS (44). In a study by Abraham et al (45), quality of 
life was assessed by the 36-Item Short Form Health Survey in 
obese patients and patients with CS, showing significant dif-
ferences between the groups; while obese patients had a better 
mean physical component summary score, the mean mental 
component summary score was lower. This might be addition-
ally helpful to help decide which patients with obesity should 
be screened for CS (45). Our data endorse the recommenda-
tion against screening in patients with long-lasting obesity as 
a singular problem or main complaint. In our cohort, patients 
with obesity had few other features typical for CS. However, 
obesity should not be discounted when other features con-
sistent with CS are present. All in all, patients with obesity 
should be carefully clinically evaluated to decide whether to 
screen them for CS.

Other Recommendations and Economical 
Perspectives
Referring to additional expert reviews, it should be noted that 
there are authors who plead for a more expansive screening 
approach, for example, in patients with diabetes, stating that 
the prevalence of CS is underrated in this condition (46). Our 
data suggest that the prevalence might indeed be higher in 
those patient groups. Tabarin and Perez (14), however, argue 
against systematic screening approaches because of their 
limited benefit. Viewed from another angle, approaches in 
the diagnosis of CS should be within a reasonable econom-
ical frame. As known from a US study, patients with CS have 
significantly higher health care costs, whereas costs decrease 
substantially after successful surgery (47). A Canadian cost-
of-illness analysis showed similar results (48). To minimize 
health care–related costs, it would be beneficial to diagnose 
patients as early as possible. However, to date, it is unclear 
how to offer extended screening approaches that are reason-
ably economical.

Limitations and Strengths
This study has limitations; the most important is its 
monocentric design. In some health care systems the re-
ferral for consultations might be more selective because of 
reimbursement policies, which can affect screening outcomes. 

Table 4.  Symptoms in patients with chief complaint “multiple 
symptoms”

Symptom/Sign No. of patients 
(N = 18) 

Recent weight gain 17

Arterial hypertension 8

Myopathy 7

Menstrual irregularities (in females) and 
amenorrhea

7

Fatigue 5

Diabetes (new onset or worsening) 4

Sleeping disorders 3

Sterility (in females) 3

Depression 3

Hematoma 3

Osteoporosis 3

Edema 3

Hair loss 2

Moon face 2

Hirsutism (in females) 2

Sweating 2

Gastrointestinal symptoms 1

Palpitations 1

Incidentaloma 1

Low serum potassium 1

Loss of libido 1

Poor wound healing 1

Purple striae 1

Acne 1

Facial fullness 1

Abscess 1
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Figure 2.  Reasonable screening for Cushing syndrome (CS). OR, odds ratio.

Table 5.  Odds ratios for different symptoms

Reasons for consultation CS ruled out  
(N = 284) 

CS  
(N = 93) 

P Odds ratio CI 

Obesity/weight gain 30% 4% < .001 0.11 0.04-0.30

Incidentaloma 8% 17% .01 2.4 1.2-4.7

Metabolic syndrome 4% 11% .02 2.7 1.1-6.5

Osteoporosis 2% 8% .02 3.8 1.1-12.9

Myopathy 2% 10% < .001 6.0 2.0-18.3

Multiple symptomsa 1% 16% < .001 18.0 5.1-63.8

Visual diagnosis (by external physician)b 5% 3% .3   

Lab resultsc 4% 2% .4   

Hypertension 12% 5% .07   

Visual diagnosis (by patient)d 2% 1% .2   

“PCOS” symptoms (acne, hirsutism, menstrual changes) 8% 6% .7   

Fatigue/tiredness 5% 3% .3   

Edema 4% 3% .7   

Psychiatric disorders 3% 1% .2   

Sweating 2% 1% .4   

Clinical signsd 1% 2% .6   

Other 5% 5% ≥ .999   

Abbreviations: BDI, Beck Depression Inventory; CS, Cushing syndrome; PCOS, polycystic ovary syndrome.
aMultiple symptoms: more than 3 symptoms that can be typical for CS (eg, hypertension AND diabetes AND sleeping disorders).
bVisual diagnosis (by physician): any physician suspected CS just by the clinical appearance of the patient (most often during a consultation for an 
unrelated clinical problem).
cLab results: Serum cortisol was elevated in a measurement (measurement without initial suspicion of CS).
dVisual diagnosis (by patient): Patient looked up their appearance on the internet and suspected CS or patient knows someone with CS and suspects they 
might suffer from it as well.
dClinical signs: moon face (twice), striae (3 times), signs of aging.
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Further prospective studies could be beneficial to validate 
our findings in other health care settings. Our data might be 
valid for the health care system in Germany, but could differ 
considerably in other countries and health care systems. In 
addition, we cannot comment on racial disparities. However, 
based on the available literature, we do not expect any (49). 
The strength of the study depends on the high number of pa-
tients and its prospective design.

Conclusion
Besides several screening approaches, 2 clinical scores have 
been developed in recent years to identify patients who 
should be screened for CS (44, 50). To date, validation studies 
for these scores are missing. To that point, their value in 
everyday clinical practice remains uncertain. Analyzing pre-
senting problems in patients with suspected CS revealed that 
5 reasons for screening increase the likelihood of having CS 
(myopathy, metabolic syndrome, osteoporosis, adenoma, and 
multiple CS-specific symptoms), while obesity as chief com-
plaint is the single factor to significantly decrease probability 
of CS. Although clinical practice differs from official recom-
mendations, our study underlines the validity of the recom-
mendations of the 2008 Endocrine Society Practice guideline: 
Patients falling into 1 of the 3 at-risk groups of patients having 
a reasonable to high likelihood for CS justify screening.
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