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Despite the current screening approach for Cushing syndrome (CS), delayed diagnosis is common due to broad spectrum of presentation, poor discriminant symptoms featured in diabetes and obesity, and low clinical index of suspicion. Even if initial tests are recommended to screen CS, divergent results are not infrequent. As global prevalence of type 2 diabetes and obesity increases, CS may not be frequent enough to back routine screening to avoid false-positive results. This represents a greater challenge in countries with limited health resources. The development of indexes incorporates clinical features and biochemical data that are largely used to provide a tool to predict the presence of disease. In clinical endocrinology, indexes have been used in Graves’ ophthalmology, hirsutism, and hypothyroidism. The use of clinical risk scoring system may assist clinicians in discriminating CS in the context of at-risk populations and, thus, may provide a potential intervention to decrease time to diagnosis. Development and validation of clinical model to estimate pre-test probability of CS in different geographic source population may help to establish regional prediction model for CS. Here, we review on the latest progress in clinical risk scoring system for CS and attempt to raise awareness for the use, validation, and/or development of clinical risk scores in CS.
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Introduction

Cushing syndrome (CS) is caused by continued exposure to excess of either endogenous cortisol or exogenous glucocorticoids. Endogenous CS results from improper hypercortisolism due to either adrenocorticotropin (ACTH) hypersecretion or autonomous adrenal cortisol hypersecretion (1, 2). It is an infrequent endocrine disease that poses diagnostic challenges even by attendant endocrinologists (3, 4). To complicate matters, patients may present with few clinical or nonspecific features (1, 5). Therefore, it is very challenging to diagnose CS in the early stages or in cyclic CS (6–8).

The Endocrine Society’s Clinical Practice Guideline for the diagnosis of CS recommends that exogenous glucocorticoids intake should be rule out before performing screening tests (1, 9). It also states that hypercortisolism should be tested in patients in whom a diagnosis is most likely with signs and symptoms that include weight gain, abnormal glucose tolerance, and hypertension (1, 9, 10). Global prevalence of type 2 diabetes (T2D) and obesity is becoming more common, and these, in turn, are commonly associated with mild increased cortisol levels (11, 12). Moreover, other conditions with secondarily activated hypothalamic–pituitary–adrenal such as depression, alcohol dependence, and glucocorticoid resistance offer even more difficulties in discriminating CS (1, 13). Even in highly specialized center, half of the patients submitted for screening of CS did not belong to the recommended groups for screening (9). As the lifetime experience to diagnose CS for a physician is very low (14, 15), we can only speculate that the screening tests for hypercortisolism might be unnecessary used, leading to false-positive results. Unaided clinical diagnosis may be difficult even for seasoned endocrinologists, especially in patients with no clear-cut features of CS, no use of exogenous glucocorticoids, and associated with mild hypercortisolism conditions.

To reduce unnecessary screening and shorten the time of diagnosis, numerous attempts have been made including clinical scores (16–18), automated face recognition (19–21), radiological or clinical assessments of skin thickness (22, 23), the quantification of facial plethora with near-infrared imaging (24), and, more recently, changes in white blood cell count (25, 26). This mini-review focuses on the latest progress in clinical risk scoring system for CS. We attempt to raise awareness for the use, validation, and/or development of clinical risk scores in CS.



Method for a systematic review

A systematic search was conducted in PubMed, Medline, EBSCO, Web of Science, ScienceDirect, Scopus, and OVID, for articles that developed and/or validated clinical risk score for the pre-test probability of CS. All epidemiological, cross-sectional, cohort, retrospective, longitudinal, observational, comparative, case-control, and case-report studies were considered, which contained the following keywords or MeSH terms: “cortisol”, “ACTH”, “corticotropin”, “pituitary adenoma”, and “Cushing syndrome”. Articles written in English or Spanish were included.



Difficulties with current screening tests for CS

Simple screening tests to discriminate CS are needed as early diagnosis can prevent associated comorbidities and mortality (27, 28). Moreover, the appropriate use of testing to screen patient-at-risk is crucial because delayed diagnosis may be associated with symptoms after treatment (29). CS is an infrequent disease that has a low prevalence so its screening test must have a high specificity to avoid false-positive results (30, 31). Current clinical guidelines outlined by the evidence-based 2008 Endocrine Society suggest testing with one of the following first-line tests: late-night salivary cortisol (LNSC) (two measurements), 24-h urinary free cortisol (UFC) excretion (two measurements), or the overnight 1-mg dexamethasone suppression test (DST). The performance of these first-line screening tests in usual clinical practice is uncertain as none of them have ideal sensitivity or specificity (32, 33). Table 1 shows the diagnostic criteria and sensitivities and specificities for these tests. Consequently, clinicians must individualize the choice for the initial test to reduce false-positive results. There is a need to increase clinician awareness concerning the need of complementary and individualized tests to determine CS diagnosis. LNSC assay usefulness for screening is based on the lack of circadian rhythm in CS (1, 44). Its use has increased overtime (45). One of the challenges of LNSC is on its cutoff to interpretate the results. Thresholds and accuracy vary widely, perhaps, due to assay and/or collection differences (40, 41). Sensitivities and specificities ranges from 83% to 100% and 84% to 97%, respectively (39–43). Despite its advantage to be non-invasiveness, LNSC is not useful to diagnose CS in patients with irregular sleep schedule, night worker, and in older men with comorbidities such as T2D and/or hypertension (1, 46). Appropriate assay-specific, age-specific values, sex, age, and other medical conditions on LNSC have not been fully characterized (1, 47).


Table 1 | Sensitivity and specificity and likelihood ratio of screening tests for Cushing syndrome (34–43).



Twenty-four–hour UFC is a reliable first-line screening test with sensitivity and specificity of up to 98% and 92%, respectively (37, 38). Current guidelines suggest performing at least 24-h UFC determinations, and patients can be considered to have CS if UFC is above more than three times the upper limit of normal together with another abnormal first-line screening test (1). One of the main issues with UFC is its limited utility in subclinical hypercortisolism, resulting in a false-negative result (1). Regardless of some limitation for its interpretation, UFC has a superior diagnostic performance with a likelihood ratio of 10.6 (95% CI, 5.5–20.5) for an abnormal result and a likelihood ratio for CS of 0.16 (95% CI, 0.08–0.33) for a normal result (36).

Overnight 1-mg DST is used to discriminate patients if the patients have CS of any etiology from patients who do not have it (1). Broadly speaking, overnight 1-mg DST remains the screening test of choice, but its sensitivity and specificity depend on the threshold of plasma cortisol used (37, 38, 48). False-positive results can occur in patients taking oral estrogens that increase in corticosteroid-binding globulin or any medications that modify the metabolism of dexamethasone (1, 49). False-negative results can be seen on patients with decreased metabolism of dexamethasone secondary to drugs, liver, or kidney failure (50).



Clinical scores to identify individuals at increased risk of CS

CS is an infrequent disease, and few centers see sufficiently large numbers of patients to collect sufficient data to obtain reliable estimates of predictors within a short period of time (30, 31). Correspondingly, there are few published studies that attempt to weight each clinical variable (16–18). Until now, few diagnostic scores for CS have been developed to identify which patients should be screened for CS (16–18). First developed in 1964 by Nugent et al., a clinical score based on 19 simple clinical and laboratory data associated with hypercortisolism was used to increase the diagnostics usefulness (16). However, only half of the patients with suspected CS could be diagnosed, correctly lacking its clinical usefulness (Table 2). León-Justel et al. proposed a risk score based on clinical signs and one biochemical parameter that included 353 at-risk patients from 13 different hospitals across Spain (17). Screening was considered having at least two of the risk factors for CS: high blood pressure (defined as taking two or more drugs and having a systolic blood pressure over 140 mmHg and/or a diastolic blood pressure over 90 mmHg), obesity (body mass index >30), uncontrolled T2D (HbA1c >7.0%), osteoporosis (T-score ≥−2.5 SD), and virilization syndrome (hirsutism) with menstrual disorders. Biochemical data including LNSC and the low-dose DST were used. Risk score for CS included osteoporosis, dorsocervical fat pad, and muscular atrophy and LNSC levels. The researchers developed an equation to determine the risk of CS with sensitivity and specificity for this model being 96% and 83%, respectively. Although this study was a good start to identify key predictors for CS, it included a biochemical test, making it inappropriate for its applicability in an exclusive clinical estimate of the probability of CS before testing (Table 2). Moreover, the included clinical signs are already well known to be associated with endogenous hypercortisolism, and LNSC (included in the equation) is already a screening test for CS (1). Finally, several methodological flaws limit its reliability (51).


Table 2 | Cushing syndrome clinical risk scores.



Parasiliti-Caprino et al. developed and internally validated the “Cushing score” to discriminate between a low- and high-pretest probability of CS (18). The researchers included 150 CS cases and 300 controls from five endocrinology centers in Italy. Baseline characteristics associated with CS were collected, including muscle wasting (proximal muscle atrophy and proximal muscle weakness), skin changes (easy bruisability, facial plethora, hirsutism, purple striae, and/or seborrhea), atypical fat distribution (central adiposity, dorsocervical fat pad, and facial fullness), bone mineral loss (osteopenia or osteoporosis), cardiometabolic alterations (diabetes, dyslipidemia, hypertension, and obesity), and psychiatric symptoms. The prediction model for CS was built from a multivariable logistic regression that included key features associated with clinical impression of hypercortisolism. Predictive variables included age [odds ratio (OR), 3.15; 95% CI, 1.34–7.42; P = 0.009 for age 40-59 years; OR, 7.35; 95% CI, 2.79–19.37; P < 0.001 for age < 40 years], facial fullness (OR, 2.13; 95% CI, 1.16–3.93; P = 0.015), facial plethora (OR, 1.98; 95% CI, 1.04–3.77; P = 0.038), proximal muscle atrophy (OR, 2.46; 95% CI, 1.24–4.88; P = 0.010), hirsutism and/or seborrhea (OR, 1.91; 95% CI, 1.06–3.41; P = 0.030), absence of obesity (OR, 5.93; 95% CI, 3.27–10.73; P < 0.001), hypertension (OR, 3.36; 95% CI, 1.81–6.21; P < 0.001), diabetes (OR, 1.87; 95% CI, 0.98–3.57; P = 0.059), and bone mineral density (OR, 2.35; 95% CI, 1.14–4.86, P = 0.021 for osteopenia; OR, 5.13; 95% CI, 2.39–11.02; P < 0.001 for osteoporosis). Receiver operating characteristic curve analysis and area under the curve (AUC) were used, showing a high predictive performance (0.873). In addition, internal validation was conducted, showing an AUC of 0.841. The prediction model “Cushing score” was a 17.5-point scale classified as follows: low-risk class (score value, ≤5.5; probability of disease, 0.8%), an intermediate-low-risk class (score value, 6–8.5; probability of disease, 2.7%), an intermediate-high-risk class (score value, 9–11.5; probability of disease, 18.5%), and a high-risk class (score value, 12.0–17.5; probability of disease, 72.5%).

Given the heterogenous nature of CS (1, 16), whether it is possible to accurately identify patients at risk using a model remains to be determined. As global prevalence of T2D and obesity increases (52, 53). CS may not be frequent enough to back routine screening to avoid false-positive results. Those clinical scores are summarized in Table 2.



Clinical risk scoring system in the era of high volume of scientific knowledge

Risk scores are useful to stratify a population for targeted screening. Data from risk factors are used to calculate an individual’s score (54). In clinical endocrinology, risk scores have been used in Graves’ ophthalmology (55), hirsutism (56), hypothyroidism (57), and even in CS (16). Clinically relevant information derived from research assists clinicians to avoid unnecessary diagnosis tests or treatment (58). Discrimination of CS in the absence of clear-cut features is challenging, especially in the context of the ever-increasing prevalence of T2D, obesity, and depression (52, 53, 59). Time to diagnosis of CS remains to be delayed as its signs and symptoms overlap with common diseases including metabolic syndrome and polycystic ovary syndrome (15, 27). Moreover, the time taken to diagnose CS differs according to its subtypes and geographic regions (27). A standardized approach with a clinical score system based on applied evidence might decrease the time of diagnosis, and a timely diagnosis of CS decreases its morbidity and chronic sequalae (27, 28, 59).

One of the current challenges of CS is it rareness and the absence of lead symptoms (13, 30, 31). Moreover, different definitions of first symptoms of CS might explain why time diagnosis varies (27). There are several well-established characteristic phenotypes associated with chronic hypercortisolism such as weight gain, menstrual irregularities, hirsutism, muscle weakness, bruisability, skin atrophy, and buffalo hump; however, the independent contribution of each factor is not well understood or defined (60). In addition, comorbidities including hypertension, hypercholesterolemia, T2D, and osteoporosis are likely to be present in patients with hypercortisolism, but systematic screening recommendation for CS is questioned (9, 61–64). The combination of these clinical data into tools to estimate the risk and, therefore, to screen for CS, is still in its infancy (15). The development of an algorithm for predicting whom to screen CS could assist clinicians to consider it with the ultimate goal of reducing morbidity and mortality.



Discussion

Because the prevalence of endogenous hypercortisolism disease is increasing because of metabolic and chronic diseases such as T2D, obesity, metabolic syndrome, and depression, there might be a need for the use of diagnostic scores (preferably based only on clinical signs) to guide physicians the use of initial screening test. One of the objectives in this review is to raise awareness in the medical community regarding the use, validation, and/or development of clinical risk scores in CS.



Conclusion

CS diagnoses are still delayed, increasing the danger of poor prognosis. Because of a high prevalence of T2D, obesity, and other comorbidities, it is important to build and validate a simple risk score prediction for CS based on easily acquired clinical variables to achieve potential risk reduction and healthcare costs, diagnostic tests, and treatment of comorbidities.
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Variable Sensitivity (%) Specificity (%) +LHR (95% CI) —LHR (95% CI)

1-mg DST 91-97 87-94 164 (9.3-28.8) 0.06 (0.03-0.14)
24-h UFC 90-98 45-95 10.6 (5.5-20.5) 0.16 (0.08-0.33)
LNSC 83-100 84-97 9.5 (1.7-54.1) 0.09 (0.03-0.28)

DST, dexamethasone test; UFC, urinary free cortisol; LNSC, late-night salivary cortisol; +LHR, positive likelihood ratio; ~LHR, negative likelihood ratio; Cl, confidence interval.
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Nugent et al. (16)

Leon-Justel et al.
17)
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et al. (18)

Information used

19 signs and symptoms related with CS (see text)

Hypertension, diabetes, osteoporosis, obesity, virilization, and menstrual
irregularities

Age, facial fullness and plethora, proximal muscle atrophy, hirsutism
and/or seborrhea, absence of obesity, hypertension, diabetes, and bone
mineral density

AUC, area under the curve.

Statistics used

Probability of 01 or less (very unlikely); between 0.01 and 0.1 (unlikely);
from 0.1 to 0.9 (uncertain); between 0.9 and 0.99 (likely); 0.99 or more
(very likely)

Sensitivity, 96%

Specificity, 83%

.68 and

.93 including LNSC

Sensitivity, 96.2%

Specificity, 82.9%

AUC = 0.87
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