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A Probabilistic Model for Cushing's Syndrome
Screening in At-Risk Populations: A Prospective
Multicenter Study
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Context: Cushing’s syndrome (CS) is challenging to diagnose. Increased prevalence of CS in specific
patient populations has been reported, but routine screening for CS remains questionable. To
decrease the diagnostic delay and improve disease outcomes, simple new screening methods for
CS in at-risk populations are needed.

Objective: To develop and validate a simple scoring system to predict CS based on clinical signs and
an easy-to-use biochemical test.

Design: Observational, prospective, multicenter.
Setting: Referral hospital.
Patients: A cohort of 353 patients attending endocrinology units for outpatient visits.

Interventions: All patients were evaluated with late-night salivary cortisol (LNSC) and a low-dose
dexamethasone suppression test for CS.

Main Outcome Measures: Diagnosis or exclusion of CS.

Results: Twenty-six cases of CS were diagnosed in the cohort. A risk scoring system was developed
by logistic regression analysis, and cutoff values were derived from a receiver operating charac-
teristic curve. This risk score included clinical signs and symptoms (muscular atrophy, osteoporosis,
and dorsocervical fat pad) and LNSC levels. The estimated area under the receiver operating char-
acteristic curve was 0.93, with a sensitivity of 96.2% and specificity of 82.9%.

Conclusions: We developed a risk score to predict CS in an at-risk population. This score may help
to identify at-risk patients in non-endocrinological settings such as primary care, but external

validation is warranted. (J Clin Endocrinol Metab 101: 3747-3754, 2016)

ushing’s syndrome (CS) is caused by prolonged expo-
C sure to excess glucocorticoids (1), which causes de-
creased quality of life (2, 3) and increased morbidity and
mortality (1,4, 5). CS is considered a rare disease (6, 7), but
recent studies have suggested a higher prevalence in specific,
at-risk populations (8) including patients with type 2 diabe-
tes (9, 10), hypertension (11), and osteoporosis (12).

ISSN Print 0021-972X  ISSN Online 1945-7197
Printed in USA

Copyright © 2016 by the Endocrine Society
Received March 17, 2016. Accepted July 25, 2016.
First Published Online August 4, 2016

doi: 10.1210/jc.2016-1673

The diagnosis of CS poses a considerable challenge (1,
13, 14) because there are no pathognomonic symptoms or
signs of CS, and most of the symptoms and signs of CS are
common in the general population, including obesity, hy-
pertension, bone loss, and diabetes. The clinical practice
guidelines recommend relying on clinical suspicion and per-
forming biochemical tests to confirm hypercortisolism, but it
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Abbreviations: AUC, area under the curve; Cl, confidence interval; CS, Cushing’s syn-
drome; DST, dexamethasone suppression test; IDI, integrated discrimination improvement;
LNSC, late-night salivary cortisol; LR, likelihood ratio; NRI, net reclassification improvement;
ROC, receiver operator characteristic.

press.endocrine.org/journal/jcem 3747

8102 4990)00 g U0 Josn YIYYNYD © 3d SYINTVd SY1AINN Ad 926¥9.2/.7.€/01/101A0BlSqe-8joEe/Wed(/Wwod dno ojwapede//:sdiy Wwolj papeojumoq



3748 Ledn-Justel et al Diagnostic Model for Cushing’s Syndrome

is not clearly stated which patients should be screened and
what screening test should be performed (14).

The laboratory tests most commonly used for CS di-
agnosis are 24-hour urine-free cortisol, serum cortisol af-
ter low-dose (1 mg) dexamethasone suppression test
(DST), late-night salivary cortisol (LNSC), and midnight
serum cortisol (14). The Endocrine Society recommends
using at least two of these tests to diagnose hypercortiso-
lism (14). However, these biochemical tests remain im-
practical for screening strategies and may result in an ex-
cessive number of false positives. Thus, a systematic
approach to test patients for CS remains an unmet need in
clinical practice. Ideally, screening tests should be per-
formed in nonspecialist settings such as primary care clin-
ics to avoid unnecessary testing. To this end, the use of a
noninvasive, easy-to-use, inexpensive test is of paramount
importance. LNSC has recently gained popularity due to
its high diagnostic sensitivity and specificity, noninvasive
sample collection, and cost effectiveness (15-18).

The aim of this study was to develop and internally
validate a screening scoring system able to predict CS in
at-risk populations. The predictive model we propose is
based on the assessment of clinical symptoms and signs
and the use of LNSC.

Subjects and Methods

Study design

The CRISALIDA (Cribado en Saliva de Alteraciones de Cor-
tisol [screening for cortisol alterations with salivary samples])
study was a prospective multicenter project conducted in 13 uni-
versity hospitals in Spain under the auspices of the Spanish So-
ciety of Endocrinology and Nutrition. The study protocol was
approved by the ethics committees of the participating hospitals.
Written informed consent was obtained from each participant. A
total of 389 patients attending endocrinology units between Jan-
uary 2012 and July 2013 were screened. Subjects with at least
two features compatible with CS and a willingness to return for
follow-up were invited to participate. These CS features includ-
ed: obesity (body mass index > 30 kg/m?), poorly controlled
blood pressure (patients treated with more than two drugs and
systolic blood pressure > 140 mm Hg and/or diastolic blood
pressure > 90 mm Hg), uncontrolled diabetes (glycosylated he-
moglobin > 7.0%), virilization syndrome (hirsutism) with men-
strual disorders, and osteoporosis (T-score = —2.5 SD). Exclu-
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sion criteria included: steroid treatments, severe psychiatric
illness (such as schizophrenia and dementia), kidney disease (es-
timated glomerular filtration rate < 60 mL/min/1.73 m?), liver
disease, and treatment with drugs that may affect cortisol me-
tabolism. All patients were referred from either primary care or
specialist consults such as hypertension and rheumatology clin-
ics to endocrinology units for reasons related to poor control of
metabolic alterations such as obesity, diabetes, and hypertension
or osteoporosis of unknown causes (for the rheumatology clinic).
No patients were referred with suspicion of CS. Patients were
clinically examined, and the presence or absence of dorsocervical
fat pad, purple striae, and proximal muscle weakness was re-
corded. History examination included psychiatric manifesta-
tions (other than those considered exclusion criteria) including
depression and anxiety and cerebrovascular, cardiovascular, and
respiratory diseases.

Methods

The flowchart for the study is depicted in Supplemental Fig-
ure 1. All selected patients underwent LNSC and 1-mg DST tests
in outpatient settings. At 11 pm, saliva was collected using a
Salivette swab (Sarstedt), and 1 mg of dexamethasone was orally
administered. Patients did not eat, drink, or smoke for at least 2
hours before saliva collection. Blood samples were collected the
following morning (8 to 9 am). Cortisol levels were measured
using a chemiluminescence method (E170; Roche Diagnostics).
The intra-assay coefficient of variation (n = 21) was 5.12% at
4.88 (SD = 0.25) nmol/L,2.1% at 14.9 (0.32) nmol/L, and 1.3%
at 29.4 (0.4) nmol/L. Interassay (total) coefficient of variation
(n =45) was 8.3% at 2.9 (0.24) nmol/L and 3.8% at 31.2 (1.2)
nmol/L (16). Subjects were classified as: negative for hypercor-
tisolism (LNSC = 7.5 nmol/L, and DST = 50 nmol/L) or positive
for hypercortisolism (LNSC > 7.5 nmol/L,and DST > 50 nmol/L).
Patients with discordant results (LNSC = 7.5 nmol/L and DST >
50 nmol/L or LNSC > 7.5 nmol/L and DST = 50 nmol/L) were
followed until the end of the study (December 2014), ie, at least
1.5 years (mean, 22.2 months; SD, 5.1). If convincing progres-
sion of CS signs and symptoms was observed during this fol-
low-up (eg, new onset of facial plethora, muscle atrophy, or
purple striae), patients were biochemically reevaluated; other-
wise, patients were classified as subjects without hypercortiso-
lism. For the definitive diagnosis of CS, clinicians followed the
same algorithm that they used in their usual clinical practice in
each center. Briefly, it involved performing an additional bio-
chemical test (other than LNSC and DST) such as urine-free
cortisol or 8-mg DST for confirmation of hypercortisolism.
ACTH determinations were performed to determine whether
pituitary magnetic resonance imaging or adrenal computerized
tomography should be performed. Histological data were avail-
able for the three ectopic adenomas, six adrenal adenomas, and
14 (out of 17) pituitary adenomas.
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Statistical analysis

Normality of the data was tested using the Kolmogorov-Smir-
nov test. Differences were analyzed by the Mann-Whitney U test
for nonparametric data. For categorical variables, the Pearson’s
x> was used. A P value < .05 was considered significant. All
variables with meaningful correlations (P value < .15) in the
univariate analysis were included into a multivariate logistic re-
gression model. We developed two different models to predict
the risk of having CS. One assessed the association of clinical
signs and symptoms with CS (clinical model). The other (clinical
and LNSC model) included, in addition to clinical signs and
symptoms, LNSC values. The predictive capacity of each model
was calculated using receiver operator characteristic (ROC)
curve analysis, which provides area under the curve (AUC) mea-
sures, 95% confidence interval (CI), and plotted coordinates
(sensitivity and specificity). Positive and negative likelihood ra-
tios (LRs) were also calculated. A weighted risk diagnostic score
was constructed using the coefficients of the multivariate logistic
regression model that were converted into scores, rounding the
values to the nearest whole number. Adequate fit of the model
was determined by the Hosmer-Lemeshow test of goodness of fit.
Bootstrapping procedures were performed with 1000 randomly
selected replicates. We calculated the integrated discrimination
improvement (IDI) and net reclassification improvement (NRI)
for the comparison between the combined clinical and LNSC
model and LNSC alone as described (19). NRI was based on
three a priori risk categories of CS: low (0-0.2), medium (0.201-
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0.5), and high (0.501-1). Statistical analyses were performed
using IBM SPSS software (version 22; SPSS Inc).

Results

Characteristics of the patients

Of 389 subjectsenrolled, 36 did not complete the study;
the remaining 353 subjects form the basis of our study
(Supplemental Figure 1). The characteristics of these sub-
jectsare shown in Table 1. Of the 353 subjects, 219 did not
show any abnormal results in the biochemical tests and
were not further studied. Thirty-five subjects showed ab-
normal results in both tests. Ninety-nine patients exhib-
ited discordant results in the tests; ie, only one test, either
LNSC or 1-mg DST was positive. These patients were
followed until the end of the study for a definitive diag-
nosis. Of these 99 patients, seven showed features sugges-
tive of CS and abnormal results on both biochemical tests
at reevaluation. Thus, 42 of the 353 subjects were further
evaluated. A definitive diagnosis of CS was established in
26 of them (7.4% of the overall cohort). Twenty were
ACTH dependent (17 of pituitary origin, three ectopic),
and six were of adrenal origin.

Table 1. Patient Characteristics and Univariate Associations With CS
Variables Overall Cohort Absence of CS (@ OR (95% Q) P Value
n 353 327 26
Gender, % female 68.6 69.4 57.1 0.6 (0.26-1.35) 21
Age, y 56 [45-63] 56 [45-63] 51 [39-65] 0.99 (0.96-1.02) 46
BMI, kg/m? 36.73[32.97-41.02] 36.85[33.00-41.08] 35.37 [30.41-37.64] 0.95 (0.89-1.02) 16
Waist, cm 117 [105-125] 116 [105-125] 118 [98-124] 0.98 (0.94-1.01) 21
SBP, mm Hg 140 [130-152] 140 [130-152] 144 [131-151] 1.01 (0.99-1.03) 47
DBP, mm Hg 84 [75-90] 84 [75-90] 87 [75-96] 1.02 (0.99-1.05) i
HbA1c, % 7.2 [5.8-8.4] 7.415.9-8.5] 5.6 [5.4-7.0] 1.61(0.66-3.94) .29
Obesity 95.5 96.3 84.6 0.21 (0.06-0.7) 011
Type 2 diabetes 64.3 66.7 34.6 0.26 (0.11-0.61) .002
Hypertension 78.2 78.0 80.8 1.19(0.43-3.2) 74
Virilization syndrome 215 20.8 30.8 1.69 (0.71-4.06) 24

(hirsutism)
Osteoporosis 7.4 6.1 23.1 4.60 (1.66-12.75) .003
Dyslipidemia 64.0 65.4 46.2 0.45 (0.2-1.00) .051
Cerebrovascular disease 4.0 4.3 0 0.953 (0.89-1.0) .164
Cardiovascular disease 15.6 15.0 23.1 1.7 (0.6-4.4) 278
Respiratory disease 17.3 17.1 19.2 1.15(0.42-3.17) .790
Psychiatric manifestations 15.6 15.9 11.5 0.68 (0.2-2.36) .549
Carbohydrate metabolism 6.2 5.8 11.5 2.03(0.56-7.38) .281

disorders (except

diabetes)
Dorsocervical fat pad 23.8 21.7 50.0 3.32 (1.48-7.5) .004
Purple striae 7.4 6.7 15.4 2.38(0.75-7.52) 139
Muscular atrophy 34 1.8 23.1 15.2 (4.48-51.25) <.001
LNSC, nmol/L 5.84 [4.61-8.17] 5.71[4.46-7.48] 12.15[9.69-17.85] 1.26 (1.13-1.39) <.001
DST, nmol/L 28.59[20.66-40.83] 27.41[20.33-36.41] 184.62[115.97-461.38] 1.06 (1.04-1.08) <.001

Abbreviations: BMI, body mass index; DBP diastolic blood pressure; HbA1c, glycosylated hemoglobin; IQR, interquartile range; SBP, systolic blood
pressure. Data are presented as median (interquartile range) for continuous variables and as percentages for categorical variables. Data within
brackets indicate interquartile range. Boldface data indicate variables that shows statistically significant differences between CS and non-CS

patients.
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Predictors of CS diagnosis

Univariate analysis revealed five clinical variables sig-
nificantly associated with CS: muscular atrophy (odds ra-
tio [OR], 15.2), followed by osteoporosis (OR, 4.6), dor-
socervical fat pad (OR, 3.32), absence of obesity (OR,
0.21), and absence of type 2 diabetes (OR, 0.26) (Table 1).
LNSC values were also significantly related with CS (OR,
1.26).

Development and validation of the model

A multivariate logistic regression analysis revealed that
muscular atrophy (OR, 9.04), osteoporosis (OR, 3.62),
and dorsocervical fat pad (OR, 3.3) remained as indepen-
dent variables associated with CS (Table 2). ROC analysis
was performed to evaluate the predictive power of this
clinical-based model (Figure 1). The AUC of this model
was 0.684 (P = .002), with a sensitivity of 57.7% and
specificity of 72.5%. Positive and negative LRs were 2.1
and 0.58, respectively. These results indicate a moderate
predictive performance of the model. We performed ROC
analysis to evaluate the performance of LNSC to predict
CS. A cutofflevel of 9.17 nmol/L provided the best results,
with an AUC of 0.893 (P < .001), a sensitivity of 88.5%,
and specificity of 83.2% (Figure 1). Positive and negative
LRs were 5.94 and 0.15, respectively. Next, we included
the LNSC values in the clinical-based probabilistic
model. This combined clinical and LNSC model showed
an AUC of 0.916 (P < .001), a sensitivity of 92.3%, and
specificity of 65.7% (Figure 1). Positive and negative LRs
were 5.8 and 0.08, respectively. The Nagelkerke R Square
in the combined clinical and LNSC model increased, and
the Hosmer-Lemeshow test indicated a good fitness of the
model (Table 2). The clinical and LNSC model had a sig-
nificant increase in AUC compared to the clinical model as
well as to the LNSC test (Figure 1). This prediction model
allowed calculation of the probability of risk for CS accord-
ing to the following formula: Probability (P) = (1 + e *)
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Figure 1. ROC curve of the clinical model, LNSC test, and the clinical
model and LNSC in diagnosing CS.

exp ', in which z = 1.38 X osteoporosis (yes = 1, no =

0) + 1.32 X dorsocervical fat pad (yes = 1, no = 0) +
2.44 X muscular atrophy (yes = 1, no = 0) + 0.25 X
LNSC — 5.02 (Table 2). The diagnostic prediction model
was internally validated with bootstrapping techniques.
The mean ORs obtained with the bootstrap analysis were
similar to those observed in the original model (Table 3).
The AUC from the bootstrap analysis with the combined
clinical variables and LNSC was 0.916. The prognostic
score was calibrated according to the Hosmer-Lemeshow
goodness-of-fit test (P = .88) and exhibited excellent over-
all performance (Supplemental Figure 2). We also calcu-
lated the IDI and NRI statistics. The IDI was 0.14 (95%
CL, 0.031-0.239; P = .013), and the NRI was 0.39 (39%
of improvement) (P = .02), further confirming that the

Table 2. Association Between Variables and CS as Determined by Multivariate Logistic Regression Analysis of the

Clinical Model and the Combined Clinical and LNSC Model

Clinical Model Clinical and LNSC Model

Variables B? OR (95% Cl) P Value Variables B OR (95% Cl) P Value

Osteoporosis 1.29 3.62(1.16-11.35) .027 Osteoporosis 1.38 3.97 (1.24-12.75) .021

Dorsocervical fat pad 1.2 3.3(1.52-7.17) .003 Dorsocervical fat pad  1.32 3.75(1.13-12.44) .005

Muscular atrophy 2.2 9.04 (2.36-34.65) <.001 Muscular atrophy 2.44 11.49 (2.6-50.69) <.001
LNSC, nmol/L 0.25 1.29 (1.16-1.44) <.001

Constant -3.19 <.001 Constant -5.03 <.001

Nagelkerke R square: 0.167
P Hosmer-Lemeshow test: 0.618

Nagelkerke R square: 0.387
P Hosmer-Lemeshow: 0.648

Probabilistic clinical model: probability (P) = (1 + e™*)~" in which z = (1.29 X osteoporosis) + (1.2 X dorsocervical fat pad) + (2.2 X muscular
atrophy) — 3.19. Probabilistic clinical and LNSC model: P = (1 + e=?)~" in which z = (1.38 X osteoporosis) + (1.32 X dorsocervical fat pad) +

(2.44 X muscular atrophy) + (0.25 LNSC) — 5.03.
@ Regression coefficients.
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Table 3. Bootstrap Analysis of the Combined Clinical
and LNSC Model

Bootstrap Analysis®

Mean
Clinical Variables OR 95% ClI P Value
Osteoporosis 4.21 1.39-12.9 .026
Dorsocervical fat pad 3.66 1.06-12.65 .010
Muscular atrophy 11.99 4.17-34.52 <.001
LNSC 1.31 1.19-1.43 <.001

21000 samples.

combination of clinical variables and LNSC would im-
prove the predictive ability of the model.

To facilitate the use of the model in clinical practice, a
scoring system was developed based on this prediction
model using the coefficients of the multivariate logistic
regression model and rounding (Table 4). The risk score of
CS for individual patients was calculated using the fol-
lowing formula: 2 X presence of osteoporosis (yes = 1,
no = 0) + 2 X dorsocervical fat pad (yes = 1,no = 0) +
3 X muscular atrophy (yes = 1, no = 0) + LNSC levels
(low = 0, medium = 4, high = 5) (Table 4). ROC analysis
showed that a score threshold of 4 (score = 4) resulted in
an AUC of 0.93 (P <.001), with sensitivity and specificity
0f96.2 and 82.9%, respectively. Positive and negative LRs
were 5.61 and 0.035, respectively. The number of subjects
per score category is shown in Table 5. Selecting this cutoff
value of 4, 271 of 327 (83%) subjects without CS were
correctly identified whereas only one of 26 CS cases was
missed. Our model yielded 56 false positives. Most of them
(n = 36) were included due to medium levels of LNSC
without any other clinical features included in our model
(Supplemental Table 1). Indeed, the LNSC levels of these
56 false-positive cases were significantly increased com-
pared to the non-CS group.

Table 4. Independent Diagnostic Indicators and Risk
Score for CS
Regression P Score

Variables Coefficient Value Points
Osteoporosis 1.53 .004 2
Dorsocervical fat pad 1.81 .001 2
Muscular atrophy 3.4 <.001 3
LNSC

Medium, 9.17-13.93 nmol/L 3.68 <.001 4

High, =13.93 nmol/L 4.93 <.001 5

The final multivariate model is estimated after model validation and
adjustment for overfitting. The weighted risk score was constructed
using the coefficients of the multivariate logistic regression model that
were converted into scores, rounding the values to the nearest whole
number.

Table 5. Total Number of Subjects and Prevalence of
CS Per Score Category Using the Scoring System
Obtained From the Combined Clinical and LNSC Model

csS

Score No Yes
0 199 0
2 69 1

3 3 0
4 36 8
5 9 2
6 9 2
7 2 6
8 0 0
9 0 3
10 0 1
11 0 1
12 0 2
Total 327 26

Total numbers by category: false positives, 56; false negatives, 1; true
positives, 25; and true negatives, 271.

Discussion

In this multicenter study, we developed and internally val-
idated a multivariate prediction model for the diagnosis of
CS in at-risk populations. This model allowed the gener-
ation of a score system that can be used easily by any
physician to determine whether further evaluations are
warranted for the diagnosis of CS.

Recent studies have reported a prevalence of CS in spe-
cific at-risk populations higher than initially thought (8).
However, the results of these systematic screening studies
show a broad range for the prevalence of occult CS (8-10,
20-23). The variability in the prevalence of CS likely re-
flects differences in the selection criteria of the patients but
nevertheless point to a higher prevalence of this syndrome
in specific populations. In our study, we screened patients
with at least two of five nonspecific features of CS, in-
cluding obesity, poorly controlled blood pressure, uncon-
trolled diabetes, virilization syndrome with menstrual dis-
orders, and osteoporosis. We chose these features based
on the previously reported increased prevalence of CS in
patients with these pathologies but, more importantly, be-
cause they are not specific to CS, thus eliminating a po-
tential selection bias. We found a 7.4% prevalence of CS
in this at-risk population, a value within the range of those
reported in previous studies (8) although relatively higher
compared to most of these studies. This high prevalence
could be due to the stringent inclusion criteria that con-
templated multiple combinations of signs and symptoms.
A higher prevalence of CS has been reported in patients
with obesity, hypertension, and uncontrolled diabetes
mellitus (9). In agreement with this notion, our study pop-
ulation exhibited an elevated rate of obesity, hyperten-
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sion, and poorly controlled diabetes. Indeed, when we
analyzed patients included only due to poorly controlled
hypertension and obesity (in the absence of other inclusion
criteria), we found a CS prevalence of 9% (eight of 87
patients). Thus, this population that is very prevalent in
the general population (even if we considered only poorly
controlled hypertension) might be considered an at-high-
risk population.

Despite the reported increased prevalence of CS in spe-
cific populations, the implementation of general screening
procedures for CS remains controversial (8). Several clin-
ical guidelines suggest testing for CS in patients with mul-
tiple features compatible with CS, particularly those more
discriminatory (14). However, these signs and symptoms
of CS might not be obvious, particularly for physicians not
familiar with CS. Also, CS patients often only display CS
features that are common in the general population such
as obesity, hypertension, and diabetes. According to the
Endocrine Society, the presence of two abnormal results in
biochemical tests with high diagnostic accuracy is required
for the diagnosis of overt CS (14), but this strategy is not
practical for CS screening in primary care context due to
the excessive workload and associated costs. Decades ago,
Nugent et al (24) proposed using clinical signs and symp-
toms to help in the decision of CS diagnosis, and this idea
has recently received reappraisal (13). We have reevalu-
ated this approach, trying to develop a diagnostic predic-
tion model based only on clinical signs and symptoms
technically easy to obtain in clinical practice. Univariate
analysis revealed five clinical variables that significantly
associated with CS: muscular atrophy, dorsocervical fat
pad, osteoporosis, obesity, and type 2 diabetes. Obesity
and type 2 diabetes displayed a negative association with
CS. These results might seem paradoxical a priori, but we
want to stress that in our analyzed cohort, the prevalence
of obesity and diabetes was exceedingly high (likely re-
flecting the reasons for referral to endocrinology units).
Indeed, the prevalence of obesity and diabetes in the CS
group was within the range of previously reported rates (4,
7). Thus, for the multivariate regression analysis, we de-
cided to include only the clinical signs showing positive
association with CS. However, the specificity and sensi-
tivity values obtained were not acceptable for screening
purposes.

Because we aimed to develop a diagnostic model for CS
that could be implemented in non-endocrinological set-
tings, we decided to use LNSC due to its ease of sample
collection (it can even be collected at home) and decreased
costs while maintaining a high diagnostic sensitivity and
specificity (15-18). First, we evaluated the diagnostic per-
formance of LNSC. The optimal cutoff value for the di-
agnosis of CS was of 9.17 nmol/L, with 88.5% sensitivity
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and 83.2% specificity, results within the range of those
reported in the literature (18) although slightly lower com-
pared to pooled data from a recent meta-analysis (25). The
9.17 nmol/L threshold of our study is elevated compared
to most of those described in previous studies (cutoff val-
ues ranged from 3.6 to 15.2 nmol/L) (25). This may be due
to the prominent prevalence of obesity in our cohort,
which has been shown to increase cortisol levels. Also, it
is important to note that salivary cortisol increases with
age, hypertension, and diabetes (26), conditions also very
prevalent in our cohort. Although it was not the aim of our
study, the data collected allowed us to evaluate the diag-
nostic performance of the DST. Using the recommended
cutoff of 50 nmol/L (14), we obtained a sensitivity of
100% and a specificity of 91.4% (Supplemental Figure 3),
indicating an excellent diagnostic performance, in agree-
ment with similar recent studies (18).

In contrast to our results, a recent study has reported a
low positive predictive value of LNSC to detect hypercor-
tisolism in type 2 diabetes (27), although no definitive
diagnosis of CS was established. The reason for these ap-
parent discrepancies is unclear, but we would like to em-
phasize the differences between the studied populations
and, more importantly, the need for exhaustive follow-up
to make a definitive diagnosis of CS.

A statistically significant increase in diagnostic perfor-
mance was found when we compared the combined clin-
ical model plus LNSC with the LNSC test. It can be argued
that despite this statistical significance, the increase in di-
agnostic performance was modest, but the use of the ROC
area has been criticized (28). First, the AUC is an overall
measure of discrimination and has no direct clinical in-
terpretation in terms of correct or incorrect diagnostic
classifications or absolute patient numbers because a spe-
cific diagnostic algorithm uses a specific diagnostic cut-
point. Second, researchers have observed that the increase
in AUC is often very small in an absolute sense, certainly
when the AUC of the baseline model is large (29). Also, it
is important to note that we evaluated our diagnostic
model prospectively in a high-risk population, under more
stringent conditions than in a case-control study. NRIand
IDI have been increasingly adopted in the last few years to
quantify the improvement after adding a new variable to
a preexisting predictive model (19, 28). Adding clinical
variables to LNSC yielded an IDI of 0.14 and an NRI
improvement of 39% that can be considered a good di-
agnostic improvement. Nevertheless, our results highlight
that the combination of clinical variables and an easy-to-
use biochemical test like LNSC improves the diagnostic
performance in a high-risk population, ie, a population in
which the diagnosis of CS is particularly challenging.
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For clinical use, we developed a simplified scoring sys-
tem that discriminated satisfactorily between subjects
with low and high probabilities of having CS. Applying a
cutoff score value of 4, 83% of the subjects without CS
were correctly identified, whereas only one of 26 CS cases
was missed. In other words, further evaluation tests would
have been avoided in 272 of 353 patients with an accurate
prediction in 271. Our model yielded an acceptable num-
ber of false-positive cases. The LNSC levels of the 56 false-
positive cases were significantly increased compared to the
non-CS group. Indeed, 64% of the false positives didn’t
present any typical CS features included in our model and
were included due to having medium levels of LNSC. In
particular, we found that the proportion of patients with
muscle atrophy was very reduced in the false-positive
group compared to the CS group. These results once again
point to the important role of signs and symptoms in the
screening process. Perhaps positive patients with lower
scores could be more carefully evaluated for the presence
of clinical features before proceeding to further evaluation
for CS confirmation.

Our study has a number of strengths. First, the pro-
spective design of our study involved an exhaustive fol-
low-up of patients and resulted in a very reliable diagnosis
of CS. Second, the relatively straightforward clinical vari-
ables used in our model can be easily acquired during a
routine clinical evaluation. However, certain limitations
of our study should also be considered. First, external val-
idation of our model is mandatory because our results
might not be generalizable to patients of other clinical
settings. Second, the cost-effectiveness of a screening pro-
gram based on our diagnostic model should be deter-
mined. Finally, we need to acknowledge that the use of the
LNSC test is not widely implemented, particularly in pri-
mary care contexts. However, we hope that this study as
well as recent studies (18) showing the good diagnostic
performance of LNSC in CS screening could contribute to
its evaluation and eventual implementation in primary
care clinics.

In conclusion, we have developed a scoring system that
can be confidently used to predict CS, thus avoiding un-
necessary testing in at-risk populations. Although all the
assessments were performed by specialists (endocrinolo-
gists) in our study, this scoring system could be easily
tested in independent cohorts and different settings such as
primary care or hypertension clinics. At the very least, our
diagnostic prediction model could be used as a framework
for future studies and potential improvements in diagnos-
tic performance.
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