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Abstract: Biochemical confirmation of a diagnosis of hypercortisolism (Cushing syndrome) is vital 

to direct further investigations, especially given the overlap with non-autonomous conditions, 

such as pseudo-Cushing, and the morbidity associated with missed diagnoses. A limited narrative 

review was performed focusing on the laboratory perspective of the pitfalls of making a biochemi-

cal diagnosis of hypercortisolism in those presenting with presumed Cushing syndrome. Alt-

hough analytically less specific, immunoassays remain cheap, quick, and reliable in most situa-

tions. Understanding cortisol metabolism can help with patient preparation, specimen selection 

(e.g., consideration of urine or saliva for those with possible elevations of cortisol binding globulin 

concentration), and method selection (e.g., mass spectrometry if there is a high risk of abnormal 

metabolites). Although more specific methods may be less sensitive, this can be managed. The re-

duction in cost and increasing ease of use makes techniques such as urine steroid profiles and sali-

vary cortisone of interest in future pathway development. In conclusion, the limitations of current 

assays, particularly if well understood, do not impede diagnosis in most cases. However, in com-

plex or borderline cases, there are other techniques to consider to aid in the confirmation of hyper-

cortisolism. 

Keywords: hypercortisolism; Cushing syndrome; analytical; spurious; mass spectrometry;  

dexamethasone; immunoassay 

 

1. Introduction 

Hypercortisolism (the physical manifestation of which can be known as Cushing 

syndrome) is rare. However, it provides a subject for many excellent reviews and expert 

consensus statements due to the management complexity [1]. Hypercortisolaemia can 

occur in the absence of classical symptoms or a specific cause that requires intervention, 

e.g., hypercortisolaemia in alcohol abuse or depression [1]. Therefore, like all conditions, 

the performance of the diagnostic tests is greatly improved by careful patient selection, 

with disease prevalence directly impacting the positive and negative predictive power 

of the selected tests. This is particularly vital where the diagnostic tests have imperfect 

sensitivity and/or specificity [1,2]. 

This invited limited narrative review aims to summarise some of the main issues 

with the commonly used modern laboratory tests employed to manage humans present-

ing with symptoms of hypercortisolaemia. It is not to replace clinical practice guidelines 

based on systematic reviews and expert consensus [1]. Screening of single symptoms, 

e.g., hypertension, is out of the scope of the review and the focus is on the laboratory 

perspective. Medline was the primary search engine utilised (December 2022 to Febru-

ary 2023), with citations and reference lists being used, as well as the expected search 
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terms, for example, ‘Cushing’, ‘hypercortisolaemia’, etc.  

Principal conclusions are that standard assays and pathways are appropriate in 

most cases of possible Cushing syndrome. However, there are many pre-analytical and 

analytical challenges; therefore, there should be a low threshold to discuss alternative 

testing strategies with local experts if results are not consistent with presentation. Im-

proving technologies and reduction in cost may influence testing strategies in the future, 

particularly the role of salivary cortisone and urine steroid profiles. 

2. Clinical Syndrome and Steroid Metabolism  

2.1. Clinical Syndrome 

In order to understand the analytical issues of confirming hypercortisolaemia in 

apparent hypercortisolism, it is important to appreciate that the clinical diagnosis of hy-

percortisolism is difficult due to an array of non-specific symptoms, e.g., central obesity, 

hypertension [1]. Testing should primarily be limited, i.e., not performed in everyone 

with simple obesity or hypertension, and staged to confirm the diagnosis and then the 

cause investigated [1]. As exogenous hypercortisolaemia is common, careful history and 

examination is required to prevent over-testing and over-diagnosis, but also, important-

ly, it is required due to the cross-reactivity of exogenous steroids in cortisol assays, 

which increase the risk of spurious results (see discussions below). Figure 1 presents the 

various conditions that can result in hypercortisolism. 

 

Figure 1. Causes and nomenclature of hypercortisolism (Cushing syndrome) in humans. Once ex-

ogenous sources of glucocorticoids have been excluded, then endogenous hypercortisolism is di-

vided into ACTH dependent and ACTH independent causes. Pseudo-Cushing syndrome is asso-

ciated with signs, symptoms, and hypercortisolaemia, but is a consequence of other clinical condi-

tions, such as obesity or depression. Created with Biorender.com [1]. 

In cyclical Cushing syndrome, symptoms can fluctuate or be permanent, but corti-

sol concentration will vary. Therefore, serial testing is required to detect hypercortiso-

laemia [3]. Exogenous hypercortisolism may appear to be cyclical-dependent on intake, 

and it is not only limited to those with known glucocorticoid intake. For example, unin-

tentional exogenous exposure can occur due to potent glucocorticoids hidden in cosmet-

ics and herbal creams [4–6]. Pseudo-Cushing syndrome is defined as temporary or per-



Diagnostics 2023, 13, 1415 3 of 25 
 

 

manent hypercortisolism caused by either appropriate physiological stimuli, e.g., major 

surgery, or conditions such as obesity, diabetes mellitus, and chronic alcoholism [7,8].  

2.2. Steroid Metabolism 

Cortisol acts on all cells via the intracellular glucocorticoid receptor (GR). The con-

trol and metabolism will be briefly discussed below. 

2.2.1. Homeostasis and Diurnal Variation  

Physiological cortisol secretion from the adrenal glands depends upon the hypotha-

lamic corticotrophin releasing hormone (CRH) stimulating pituitary-derived adrenocor-

ticotrophic hormone (ACTH, also known as corticotrophin) secretion, which in turn 

stimulates the adrenal glands to synthesise and secrete cortisol. There is marked diurnal 

variation (peak in early morning, nadir just after going to sleep, e.g., midnight) of corti-

sol driven by phasic and incremental increases in ACTH concentration [9–11]. The diur-

nal variation becomes evident at some point after birth, but it is likely present in all in-

fants from 9 months old [12]. For further discussion, please see the specimen timing sec-

tion below. CRH is a small peptide, is present in small quantities, and is not routinely 

measured as it is not released into the systemic circulation, unlike ACTH.  

2.2.2. Steroid Synthesis and Interference 

Cortisol is synthesised in the adrenal cortex from cholesterol in the adrenal zona 

fasciculata (see Figure 2). If synthesis is occurring normally, the concentrations of the 

precursors should be low. However, in pathological synthesis, precursors can accumu-

late which can cross-react with measurement techniques and in vivo steroid receptors. 

 

Figure 2. Steroid synthesis pathway. Steroid hormones are mostly synthesised in the adrenal cor-

tex, with some sex steroid steps occurring in the gonads (not demonstrated here) from cholesterol. 

The small changes and multiple steps result in a wide range of structurally similar end hormones 

and precursors, which can cross-react with both assays and in vivo receptors. Created with Bio-

render.com [13–15]. 

2.2.3. Cortisol Binding Globulin and Interference 
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Cortisol, like many other hormones, is largely bound in the circulation. Approxi-

mately 90% is bound to cortisol-binding globulin (CBG), 5% to other proteins, and only 

5% free [16,17]. Only free cortisol is filtered in urine or saliva; therefore, only blood sam-

ples will allow the measurement of total cortisol concentration (see Figure 3). Total corti-

sol assays are affected by changes in the concentration of CBG [18]. For example, CBG 

increases in response to exogenous oral (but not transcutaneous) oestrogens (which 

should be stopped 6 weeks prior to testing) and decreases in the nephrotic syndrome 

(see Table 1) [1,19–21]. Although cortisol secretion is increased in stress, if protein con-

centrations are low, e.g., hypoalbuminemia and low CBG concentration, then a spuri-

ously lower total cortisol concentration may be recorded [22].  

 

Figure 3. Cortisol fractions and specimens. The majority of circulating cortisol is protein bound; 

therefore, blood sampling primarily provides an assessment of total cortisol concentration. Free 

cortisol can be detected in urine and saliva specimens. Created with Biorender.com. 

Table 1. Examples of drugs causing false results in cortisol analysis [1,23–28]. 

False Positive False Negative 

Drug Mechanism; Assay Drug Mechanism; Assay 

Carbamazepine 

Induction of CYP 3A4 *, 

accelerates metabolism of 

dexamethasone; any 

Aprepitant 

Inhibition of CYP 3A4 *, 

inhibition of dexame-

thasone metabolism; any 

Ethosuximide Cimetidine 

Phenobarbital Diltiazem 

Phenytoin Fosaprepitant 

Pioglitazone Fluoxetine 

Primidone Itraconazole 

Rifampin 
Ritonavir 

Rifapentine 

Estrogens 
Increase CBG; plasma total Biotin 

Competes for binding; 

streptavidin-based IA Mitotane 

Carbamazepine 

Overlaps cortisol peak; 

UFC by HPLC or single 

transition HPLC MS/MS 

Piperacillin 
Ion suppression; MS 

UFC 

Fenofibrate 
Interferes with HPLC 

peak; UFC HPLC 
  



Diagnostics 2023, 13, 1415 5 of 25 
 

 

Synthetic gluco-

corticoids 
Cross-reactivity; IA   

Carbenoxolone 
Inhibition of 11β-HSD2; 

UFC and salivary; any 
  

Biotin 
Competes for binding; 

streptavidin-based IA 
  

Steroid synthesis 

inhibitors 

Cross-reactivity of steroid 

precursors; any particular-

ly IA 

  

Mifespristone 

Result correct but tissue 

activity blocked, cortisol 

analysis should not be per-

formed; any 

  

* see The Flockhart Cytochrome P450 Drug-Drug Interaction Table for further information [28]. 

Key: 11β-HSD2, 11beta-hydroxysteroid dehydrogenase type 2; HPLC, high performance liquid 

chromatography; IA, immunoassay; MS, mass spectrometry; UFC, urinary free cortisol. 

If plasma total cortisol concentrations are high when urine concentrations are low 

or normal (or vice versa), there remains the possibility (if specific assay interference has 

been excluded) that there is an abnormality in CBG [27,29].  

2.2.4. Steroid Metabolism and Interference 

Cortisol is glucuronidated by the liver, undergoing further metabolism in the kid-

neys [30]. This generates a large number of low concentration metabolites (see Figure 4). 

For an informative review, please see Krone et al. 2010 [31]. 

Cortisol is also metabolised to the inactive cortisone by the 11-hydroxysteroid de-

hydrogenase type 2 (11β-HSD2) found in salivary glands, the kidney, and hair [32]. This 

means the 5:1 ratio of cortisol:cortisone in serum (ratio demonstrates diurnal variation 

and significant intraindividual variation) is reversed to 1:5 in saliva [33–35]. Liquorice 

and chewing tobacco contain glycyrrhizic acid which inhibits this enzyme, resulting in 

less deactivation of cortisol to cortisone and increased GR stimulation [36]. For example, 

liquorice has been shown to increase salivary cortisol [37]. Other inhibitors of 11β-HSD2 

include carbenoxolone and grapefruit juice, as well as gossypol (from cotton plants), 

phthalates (plasticisers), organotins (found in paint), alkylphenols, and perfluorinated 

substances (both commonly used as raw materials in manufacturing), but the clinical 

impact of these is unclear as cases are not widely reported [38,39].  
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Figure 4. Cortisol metabolism pathway. The principal steps of cortisol metabolism are demon-

strated. However, not all enzymes are found in all tissues, e.g., 11-hydroxysteroid dehydrogenase 

type 2 is found in hair, the salivary gland, kidney, colon, and placenta, and type 1 is found in the 

liver, lung, gonads, pituitary, brain, and adipose tissue [40]. This allows cortisol activity to be reg-

ulated at the tissue level. Created with Biorender.com [14,40]. 

3. Cortisol Analysis 

Once history and examination confirm the clinical phenotype of Cushing syn-

drome, the first step of management is to obtain evidence of spontaneous hypercorti-

solism and exclude differentials, including pseudo-Cushing syndrome. In addition to 

diagnosis and identification of the cause, cortisol assessment can be key in the monitor-

ing of therapy and assessment of remission.  

There are significant molecular issues with accurate detection and quantification of 

cortisol. Firstly, cortisol is a small molecule at an average of 0.36 kDa, whereas albumin 

is 66.5 kDa (almost 200 times larger). Secondly, cortisol circulates at low concentrations. 

For example, compare a concentration of cortisol of 140 nmol/L with a sodium concen-

tration of 140 mmol/L (or 140,000,000 nmol/L), which is a 1,000,000-fold lower concentra-

tion. Thirdly, cortisol has many similarly structured precursors, metabolites, medica-

tions, and other steroid hormones, which can be present in the specimen and further 

complicate analysis due to cross-reactivity, despite method improvements [18]. There is 

a certified reference serum solution of a specified concentration for cortisol, but there is 

not one for cortisone. There is also a reference method (isotope dilution liquid chroma-

tography/mass spectrometry or liquid chromatography/tandem mass spectrometry) for 

serum cortisol which improves traceability across manufacturer and assay types [34,41].  

In the assumption that cortisol has been accurately quantified, then it is possible for 

those with Cushing syndrome to have normal results [42]. The following section will re-

view the different analytical techniques and specimen requirements used to attempt to 

accurately quantify cortisol. It is important to note that studies which compare urine and 

salivary cortisol may also be comparing different analytical techniques. Therefore, when 

using a published diagnostic threshold, it is also important to note which assay was 

used to obtain the values, the patient preparation, and the timing of the specimen.  

3.1. Immunoassay 

The use of labelled antibodies to analyse hormones at low concentrations revolu-

tionised the management of endocrine disorders. Immunoassays continue to provide a 

cheap and automatable method for high throughput analysis using small specimen vol-

umes (and different specimen types including hair and saliva), and they do not require 

specialist equipment or staff training. The immunoassay generates a single numerical 

concentration, and due to cross-reactivity (e.g., with cortisone and exogenous steroids), 

they can have increased sensitivity over the more analytically specific structural assays, 

albeit at the cost of specificity [1,18,27,43–45]. The positive bias of immunoassay, approx-

imately 2.7-fold compared with mass spectrometry, may also be due to poor calibration 

[34,46]. However, immunoassay remains a robust detection method for hypercortiso-

laemia [47].  

There are generic issues with immunoassay which should also be considered. Inter-

ference with other antibodies in blood, but not urine or saliva, is a variable problem 

which can be difficult to identify unless different samples and testing strategies have 

been employed [24,27,48]. The prozone (or hook) effect describes the phenomenon 

where the concentration of an analyte is so high that it exceeds the concentration of the 

antibody to which it must bind (see Figure 5) [24]. In ’one step’ sandwich immunoas-

says, the analyte must bind a capture antibody and the detection antibody prior to a 

wash step. However, if the binding sites are all occupied and the antigen is still in ex-

cess, then the detection antibodies will not necessarily be bound to the captured anti-

gens; therefore, the signal is washed away in the wash step (increasing proportionally as 
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antigen excess increases), reducing the reported concentration [24,27]. In ’two step’ im-

munoassays, there is an extra wash step before the addition of the detection antibody, 

which washes away all excess antigen that is not bound to the capture antibody, pre-

venting the detection antibody from binding free antigen. Therefore, the hook effect 

does not occur. Despite this, the majority of automated immunoassays are ’one step’ and 

are therefore prone to the hook effect. Biotin interference is a problem for assays de-

signed using streptavidin as a capture molecule but can be identified by asking patients 

about biotin intake and excluded by asking patients to refrain (although there is no con-

sensus in regard to how long) [24]. Interference with the measurement label, e.g., ruthe-

nium antibodies, can also occur [24]. 

 

Figure 5. Mechanism of antigen excess interference—also called the hook/prozone effect—in one 

step sandwich immunoassay systems. Detection of antigen occurs when a sandwich is formed by 

the binding of the capture antibody (CAb) and the detection antibody (DAb) to the antigen. When 

antigen is in excess, sandwiches are not formed, as all binding epitopes are saturated by antigen, 

hence the DAb lost in the wash step. Created with Biorender.com. 

3.2. Structural Assays: Mass Spectrometry and High-Performance Liquid Chromatography 

Structural assays, such as mass spectrometry (MS) and high-performance liquid 

chromatography (HPLC) with detection, are less prone to cross-reactivity with exoge-

nous steroids and endogenous metabolites due to specimen preparation, including sepa-

ration steps, e.g., chromatography [1]. These methods can report the concentration of a 

range of steroids. Therefore, not only are MS and HPLC methods more specific to corti-

sol, but they can also detect abnormal concentrations, or ratios, of metabolites that can-

not be differentiated by the purportedly cortisol-only immunoassays. As a consequence, 

in addition to confirming hypercortisolaemia, they can also indicate the cause, such as 

cancer, exogenous steroids, or inborn errors of metabolism [30,31]. However, the equip-

ment is costly, the methods are more manual, and higher skill levels of laboratory staff 

are needed to process and interpret the results. The analytical specificity may also re-

duce the clinical sensitivity; therefore, lower thresholds for clinical suspicion may need 
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to be used to account for the lack of cross-reactivity with abnormal concentrations of me-

tabolites [30]. 

3.2.1. Mass Spectrometry  

Mass spectrometry is a detection and quantification technique that is more specific 

than immunoassay, as molecular species can be separated before analysis, as well as al-

tered during analysis, e.g., to form parent and daughter ions to give more unique signals 

[18]. However, the data, being more complex than a simple cortisol concentration, may 

require specialist interpretation, and the equipment is not universally available to clini-

cal laboratories [31,49]. As mass spectrometry distinguishes compounds of different 

masses, isobaric compounds can be indistinguishable, e.g., 21 deoxycortisol, 11 deoxy-

cortisol, and corticosterone, hence the need for a chromatography step to separate these 

before MS detection [49]. Method design can prevent interference from exogenous glu-

cocorticoids, such as prednisolone, and can be used when patients are on metyrapone 

[49].  

Liquid chromatography tandem mass spectrometry (LC-MS/MS) is increasingly 

used in clinical laboratory services as machines are acquired, methods have been simpli-

fied, sped up, and automated, and small sample volumes can be analysed [49,50]. Gas 

chromatography–mass spectrometry (GC-MS), a precursor to LC-MS/MS, mainly re-

mains a research or highly specialist technique. Considerable sample preparation is re-

quired for GC-MS, but this is at the benefit of making all cortisol metabolites and precur-

sors detectable [31]. With LC-MS/MS, the analytes of choice are selected prior to analy-

sis; therefore, unexpected conditions may be missed as not all analytes will necessarily 

be detected in comparison to GC-MS [31]. 

All protein must be removed prior to specimen analysis by LC-MS/MS to prevent 

blockage of the instrument. Matrix effects occur where phospholipids and salts affect the 

efficiency of ionisation of the parent/daughter compounds (or quantifier and qualifier), 

which can be reduced by sample treatment strategies. However, this can affect sensitivi-

ty, increase cost, and delay turnaround time, as well as other drawbacks [49]. 

LC-MS/MS can also be affected by ion suppression—another type of matrix effect 

where components of the specimen coelute—preventing effective ionisation of the ana-

lyte and thus, interfering with detection and quantitation [23]. An example of this is an-

tibiotic interference, piperacillin, in urinary cortisol assays [23]. However, the chroma-

tography step helps reduce the risk of ion suppression and the use of isotope-labelled in-

ternal standards can detect the ion suppression. The internal standards should be select-

ed carefully to avoid spuriously low calculated concentrations of the analyte and to en-

sure that they are not interfered with by the metabolites of the analyte generated during 

measurement [23,49].  

In summary, even if the cortisol method is very specific, patient preparation re-

mains key. This includes the cessation of interfering drugs (Table 1) or the collection of 

medication history, and any interfering drugs that cannot be stopped should be dis-

cussed with the laboratory. It is well known that glucocorticoids should be stopped be-

fore the measurement of cortisol. Despite this, Keevil reports that, in the first year of in-

troducing routine LC-MS/MS for cortisol quantification, 33% of specimens received in 

the clinical laboratory contained detectable prednisolone [49].  

3.2.2. HPLC  

Separation of analytes by HPLC increases analytical specificity. A variety of detec-

tion techniques for cortisol and cortisone analysis can then be selected, e.g., with fluores-

cence, diode array, and ultraviolet [34]. However, the lower limit of detection of these 

detection techniques are often too high; therefore, they are no longer widely used and 

have been surpassed by mass spectrometry [34]. Fenofibrate has been reported to inter-

fere in HPLC and HPLC-MS/MS single transition methods in urine (see Table 1) [51]. 
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Carbamazepine can also be falsely detected in HPLC cortisol assays (as well as speeding 

up dexamethasone metabolism), spuriously increasing the measured concentration [52].  

3.3. Specimen Type and Timing 

Cortisol can be analysed in a range of body fluids, and it is again vital that patient 

preparation and timing are controlled [1]. There is diurnal variation of cortisol release, 

with nadir shortly after going to sleep (approximately midnight) and a peak in the 

morning. In people who are normally awake during the day, the concentration starts to 

rise from 3 am [9]. Loss of the diurnal variation can be observed in hypercortisolism, 

which, in clinical practice, is the assessment of the maximum suppression (nadir concen-

tration), e.g., midnight cortisol [1]. However, not all patients with Cushing syndrome 

will invariably have loss of the circadian rhythm [53]. Random specimens are therefore 

of no use, and sample collection has to either be timed or be part of a dynamic function 

test. An exception is the immediate post-operative period [54]. 

3.3.1. Plasma/Serum (Midnight) 

Midnight plasma total cortisol analysis is a second line test for Cushing syndrome 

as it is impractical and stressful to admit a person to fall asleep and then be bled in the 

hospital [1]. Plasma analysis of total cortisol is affected by conditions affecting CBG con-

centration (see discussion above), with free hormone analysis not being widely available 

nor superior (as are estimations) to salivary analysis [55,56].  

Specificity of midnight cortisol (both plasma and salivary) is reduced due to the loss 

of diurnal variation of cortisol in many other conditions besides Cushing syndrome [1]. 

For example, people living with depression or obesity have all been shown to be at risk 

of having raised midnight salivary cortisol concentrations, and the nadir may also be af-

fected by work and sleep patterns, e.g., shift workers [45,57,58]. 

3.3.2. Saliva (Midnight) 

Salivary cortisol improves diagnostic accuracy of cortisol assessment as it is both 

‘free’ (not bound to CBG) and provides the facility of doing midnight specimen collec-

tions, without having the stress and resource implications of admitting a person to the 

hospital for blood tests. These features mean that midnight salivary cortisol assessment 

is recommended as one of the initial tests that can be used in assessing possible Cushing 

syndrome [1,34,44,59]. It may also be a suitable tool for assessment during pregnancy 

and of remission of Cushing syndrome post surgical treatment [44,60–62]. 

Two consecutive collections are recommended to minimise the risk of contamina-

tion (from blood and steroids on hands). However, others have instead suggested that a 

single measurement is sufficient, and elevated results should be followed up with a dex-

amethasone suppression test for improved sensitivity and specificity [1,34,42,63,64]. Alt-

hough midnight is the time recommended in guidelines, high sensitivity and specificity 

has been shown from specimens taken at 22:00 and 23:00 h [33]. 

Use of Salivette®  (Sarstedt AG & Co. KG, Nümbrecht, Germany), a cotton swab 

chewed for 1–2 min, may be better correlated with serum cortisol concentrations com-

pared with passive drooling [65]. Specimens are stably refrigerated for at least 7 days, if 

not 3 months, with only minor instability at room temperature, allowing specimens to be 

delivered to the laboratory at ambient temperature [66,67]. Due to the viscous nature of 

saliva, freezing the specimens prior to analysis and/or centrifugation can precipitate 

compounds, allowing the specimen to be sampled and analysed more easily [66].  

Liquorice, which inhibits 11β-HSD2 and therefore increases cortisol (and decreases 

cortisone) concentration, should not be eaten for 4 days prior to the collection of saliva 

[37]. Grapefruit juice, amongst many other compounds, should also be avoided prior to 

the test (please see metabolism section above) [33,38,68].  
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Contamination of the Salivette®  by hands to which topical hydrocortisone had been 

applied will significantly increase the cortisol concentration, as will ingestion of oral hy-

drocortisone, due to contamination of the mouth [35,37]. A cortisol:cortisone ratio of >1 

can be used to diagnose contamination of a salivary specimen [33]. Administration of in-

travenous hydrocortisone does not interfere up to 12 h post dose [35]. Smoking increases 

salivary cortisol concentration and the cortisol:cortisone ratio, leading to the recommen-

dation to avoid smoking on the day of collection [33,69].  

If the saliva sample is contaminated with blood, as identified by visual inspection, 

then a repeat sample should be considered as the blood cortisol will significantly con-

tribute to the measured concentration [37]. Therefore, salivary cortisol may be inappro-

priate for people with oral or dental diseases, such as ulcers, and it is preferable to avoid 

eating and tooth brushing for at least an hour prior to collecting the sample. The mouth 

should also be rinsed well with water at least 30 min before saliva collection [34,66].  

The matrix of saliva itself may cross-react with immunoassays and produce unreli-

able results [70]. Salivary cortisol reference intervals may not be widely applicable. For 

example, age, hypertension, and diabetes may increase midnight salivary cortisol con-

centrations [71].  

3.3.3. Urine (24 h) 

The comparative diagnostic accuracy of cortisol measured in urine recommends it 

to be used as one of the possible first line tests to confirm hypercortisolaemia [1,30]. Uri-

nary free cortisol (UFC) can also be used to assess remission, for example, surgical suc-

cess [1,61,62]. As the cortisol is ‘free’, it is useful for the assessment of pregnant individ-

uals (and others, see Section 2) in whom the CBG is elevated, which would cause a high-

er total cortisol result independently of the biologically active free fraction [1]. The 24 h 

duration of collection also provides an integrated assessment of concentration over and 

above a single blood or salivary specimen. However, the diagnostic efficiency may not 

be better than saliva in some cohorts, but this may be due to analytical cross-reactivity 

[30,72].  

Conversely, in order to appear in the urine, the plasma concentration of free cortisol 

must exceed the binding capacity of plasma. Therefore, if a person has a consistent but 

mild elevation of plasma total cortisol, the UFC may be spuriously negative [30]. There 

is poor correlation between UFC and severity of clinical phenotype [73]. 

Mass spectrometry detection of cortisol metabolites in urine may be more sensitive, 

but it is not routinely available (although clinical services increasingly exist) [14]. Immu-

noassays are at risk of over-quantifying the urinary cortisol concentration, likely due to 

cross-reactivity. Therefore, equivalent diagnostic efficiency cut-offs will need to be 

method specific [74,75]. Two collections are recommended as variability is high [1,76]. 

Obesity and metabolic syndrome can increase UFC, as will any true increase in cor-

tisol, irrespective of the cause [1,77]. High fluid intake can increase UFC significantly (if 

taking in excess of 5 L a day and using the upper limit of normal as cut off), as can a lib-

eral salt intake [78,79]. The cross over with non-Cushing syndrome and high UFC is 

high; therefore, UFC concentrations up to four-fold the quoted upper limit of normal are 

required for diagnostic accuracy, whilst maintaining adequate specificity [1]. 

False negative results can occur with mild or cyclical Cushing syndrome [1,43]. Free 

cortisol excretion is also affected by renal function [80,81]. As renal function deteriorates, 

UFC falls in concentration. A threshold of calculated creatinine clearance of <60 mL/min 

is recommended, below which UFC should no longer be used to confirm hypercorti-

solism, due to the risk of a false negative [1,80]. Intraindividual variability is high, with 

approximately 50% variation when cortisol is analysed by HPLC [76]. 

More general issues with 24 h urine collections include the inconvenience for pa-

tients, risk of over or under collection, or specimens never being returned [82,83]. Taking 

four random urine specimens and drying them has been shown to be equivalent to a 24 

h collection and may be a more practical option for some patients and some health care 
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economies [84]. There is a risk of accidental or deliberate contamination in self-collected 

urine specimens, e.g., by ingestion or direct addition to urine of glucocorticoids [27,29].  

Grapefruit juice, likely due to inhibition of 11β-HSD2, increases urinary cortisol ex-

cretion [68]. Depending on cut-offs used, the performance of saliva and urine is similar 

for cortisol detection [85]. 

3.3.4. Plasma/Serum (Early Morning) 

Combining early morning and later night total cortisol measurements to demon-

strate the loss of diurnal variation (and thus detect hypercortisolism) has been studied, 

but it is not currently standard practice [86]. Sampling in the morning, e.g., 8 am, is 

therefore mainly reserved for monitoring management success [61,62,87]. For example, 

an early morning plasma cortisol concentration <55 nmol/L is associated with a high 

chance of remission, post pituitary surgery, for Cushing disease [88].  

3.3.5. Plasma/Serum (Free) 

Cortisol measurements in blood are usually total cholesterol (i.e., free cholesterol 

and protein bound cholesterol). Serum free cortisol analysis is not widely available. 

Preparation of specimens is labour intensive, with the risk of interference from zinc sul-

phate reagent in immunoassays [89]. Calculations are limited by our current inability to 

accurately quantify CBG in a clinically useful way (significant range in tertiary structure 

and affinity for cortisol) [89]. The role of serum free cortisol is therefore limited, particu-

larly when LC-MS/MS steroid profiles can make up for some of the limitations of immu-

noassay plasma cortisol, and for those patients with medically treated Cushing syn-

drome (see below). 

3.3.6. Hair 

Hair, due to slow growth rate, can be used to demonstrate long term exposure to 

glucocorticoids [90,91]. This specimen type is yet to be widely used in clinical practice 

due to a range of issues, including lack of standardised collection and storage proce-

dures, reference materials and reference intervals, and uncertainty regarding interferents 

and physiology [92]. Hair cortisone may improve diagnostic efficiency; however, hair 

cortisol and cortisone may miss cases in mild Cushing syndrome phenotypes [93,94].  

4. ACTH  

Only once hypercortisolism has been confirmed should ACTH measurement be 

considered, particularly as random concentrations are difficult to interpret unless there 

is an established abnormal cortisol concentration [1,62]. If ACTH secretion is sup-

pressed, e.g., <10 pg/mL (ng/L) (levels vary between assays), an adrenal source (if exog-

enous excluded) of cortisol is indicated. If ACTH concentration is inappropriately high, 

e.g., above 20 pg/mL, or an intermediate concentration, then an ACTH-dependent cause 

is indicated [62]. ACTH measurement may also be considered to assess remission post-

surgery [61]. 

ACTH is present in very low concentrations; compare 20 ng/L of ACTH with a low 

albumin concentration of 20 g/L or 20,000,000,000 ng/L. ACTH is small at 4.5 kDa, but 

not as small as cortisol. ACTH also has a very short half-life (between 6–7 min in vivo); 

therefore, specimens need careful handling to avoid spurious results [95]. Due to insta-

bility, specimens for ACTH analysis must be kept at room temperature, be centrifuged, 

and separated from the cells within 2 h [96,97]. Both haemolysis and excessive tube anti-

coagulant (EDTA) can also cause spuriously low results [97,98].  

4.1. ACTH Analysis 

4.1.1. Techniques 
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ACTH is widely measured by sandwich immunoassay design. It is therefore at risk 

of interference from antibodies or other substances, such as a negative bias with biotin 

(see discussion above) [24,99]. Caution should be exercised with assays with relatively 

high lower limits of detection. The assay must be able to accurately report very low con-

centrations, at least <5 ng/L (pg/mL), otherwise true suppression can be missed as the 

performance of the assay is not good enough to distinguish concentrations around the 

lower limit of detection, which is too high in the first place [27,29,99]. There is no inter-

national standard or reference method for ACTH, preventing comparison of results from 

one assay to another. 

4.1.2. Performance 

Ectodermal tissues can produce ACTH. Therefore, if there is no pituitary neuroen-

docrine tumour secreting inappropriate ACTH, then another possible tumour of ecto-

dermal origin should be investigated [100]. The most common tumour type is lung, ei-

ther carcinoid or small cell [100]. However, ACTH is not elevated in all people with ec-

topic ACTH secretion, e.g., approximately 72% in one study [100]. Other pro-

opiomelanocortin-derived (POMC) peptides can be co-secreted. However, any tumour 

that secretes ACTH will have expression of the POMC gene, preventing the use of 

POMC peptides to localise tumours to the pituitary. 

5. Other Steroid Hormones 

ACTH stimulates the production of adrenal androgens in the zona reticularis in the 

adrenal glands. Therefore, women presenting with hirsutism or virilisation, and other 

signs of Cushing syndrome, may have an ACTH-dependent Cushing syndrome or car-

cinoma of the ovary or adrenal [13]. Congenital enzyme defects may also be a possible 

cause in young women, e.g., non-classical congenital adrenal hyperplasia (CAH). Meas-

urement of other steroid hormones, in addition to cortisol, may help indicate which of 

these pathologies is the cause.  

5.1. Adrenal Androgens in Women 

5.1.1. Dehydroepiandrosterone-Sulfate 

Dehydroepiandrosterone is synthesised in the adrenal cortex and circulates in a 

sulphated form, dehydroepiandrosterone-sulfate (DHEAS). DHEAS can be used to indi-

cate the activity of the adrenal glands. For example, in autonomous cortisol production 

by an adrenal adenoma, DHEAS concentration is suppressed, but performance in diag-

nostic strategies has not been robust enough to be included in guidelines [1,101,102]. 

Carafone et al. suggested that a combination of high DHEAS and ACTH can exclude au-

tonomous cortisol secretion in adrenal adenoma cohorts, preventing the necessity to 

conduct any further tests [102]. In women, when virilisation may be due to an ovarian 

tumour, DHEAS can be useful as it is primarily made in the adrenal glands, whereas 

androstenedione originates from both the adrenals and ovaries in practically equal 

amounts. Therefore, a raised androstenedione is not specific to either organ, but an ele-

vated DHEAS may decrease the chance of an ovarian source [13]. DHEAS will be raised 

when hypercortisolism is ACTH-dependent [13,93]. 

5.1.2. Other Female Androgens 

Although rare, the differential for Cushing syndrome in young women includes 

non-classical CAH. This autosomal recessive genetic condition is detected by synthetic 

ACTH-stimulated 17-hydroxyprogesterone [13]. Testosterone is not helpful in differenti-

ating a potential adrenal tumour from an ovarian tumour in a woman presenting with 

hirsutism, as the circulating concentration is equally from both endocrine glands and pe-

ripheral conversion of androstenedione [13]. 



Diagnostics 2023, 13, 1415 13 of 25 
 

 

5.2. Steroid Profile 

The measurement of urine steroid metabolites is more complex but provides a 

wealth of information. Initially, profiles analysed by gas chromatography, and either 

mass spectrometry or a flame ionisation detector, were shown to detect Cushing syn-

drome and separate it from mild hypercortisolism seen in adrenal incidentalomas [14]. 

Subsequently, LC-MS/MS techniques have been developed that are robust and suitable 

for discriminating adrenal carcinoma from adrenal incidentaloma or adenoma [103–105]. 

Undeniably, the steroid metabolome can provide useful information in diagnosing both 

hypercortisolism and its cause, and the developing technology is improving feasibility 

and method performance [49,106–108]. 

5.3. Salivary Cortisone 

Salivary cortisone (see above discussion of liquorice in saliva section) has been 

shown to be more sensitive and just as specific as salivary cortisol in the assessment of 

Cushing syndrome [33,109]. The sum of cortisol and cortisone concentrations in saliva 

may perform better than a late-night salivary cortisol concentration alone, but not better 

than cortisone alone [33]. Measurement is via ultra-HPLC with LC-MS/MS; therefore, it 

is not routinely available in all laboratories and the superiority over measuring salivary 

cortisol via immunoassay remains controversial [33,110]. Cortisone immunoassays do 

exist, but they are not in routine use, with LC-MS/MS methods reporting both cortisol 

and cortisone in one test when available [34]. Salivary cortisone is also free from inter-

ference from contamination by oral and intravenous hydrocortisone, so it can be used to 

indicate the efficacy of replacement therapy [35]. The lack of interference by blood and 

liquorice (as compared to salivary cortisol) makes salivary cortisone a potentially more 

robust screening test for Cushing syndrome [37].  

6. Dynamic Function Tests 

A range of dynamic function testing protocols exist to improve the diagnostic effi-

ciency of cortisol tests. Suppression protocols, such as the dexamethasone suppression 

test (DST), can help confirm the initial diagnosis, followed by a range of anatomical and 

stimulation tests to identify the aetiology [1]. A full discussion is outside of the scope of 

this review, but a brief summary of the impact on laboratory testing is provided below. 

6.1. Dexamethasone Tests 

Reduced negative feedback by glucocorticoids in autonomous hormone production 

is another first line method to detect the presence of pathological endogenous glucocor-

ticoid production. Relying mainly upon plasma cortisol concentrations, these suppres-

sion tests are affected by factors that affect plasma cortisol quantification (i.e., an in-

crease in CBG from hormone therapy can produce a misleadingly high total cortisol re-

sult). Dexamethasone does not cross-react in most cortisol assays and is a potent gluco-

corticoid, which should suppress cortisol production. However, it is debated if the de-

gree of suppression is not that specific to the underlying condition [111]. Additionally, 

there are significant differences in dexamethasone concentration reached in plasma, like-

ly due to variation in absorption and metabolism between individuals [1].  

In addition, many drugs affect metabolism [1]. Rifampacin and many other medica-

tions have also been shown to speed up dexamethasone metabolism, preventing the ex-

pected suppression of the hormone axis [112,113]. Simultaneous measurement of dexa-

methasone can be used to reduce the risk of spuriously positive results and, therefore, 

could be considered in those with unsuppressed cortisol concentrations. Unfortunately, 

dexamethasone assays are not currently widely available [114,115]. Liver and renal fail-

ure may be associated with reduction in the clearance of dexamethasone and a risk of 

false negative results [1]. 
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6.1.1. 1 mg Overnight Dexamethasone Suppression Test 

The 1 mg overnight dexamethasone suppression test (ODST) protocol is associated 

with high diagnostic accuracy as a first line test to confirm the presence of hypercorti-

solism, except in pregnancy, possible cyclical Cushing syndrome, and epilepsy (if an-

tiepileptics enhance dexamethasone suppression) [1]. Cut-offs will need to be appropri-

ate for local cortisol method, but stringent thresholds are recommended [1]. 

6.1.2. 2 mg/Day (Low Dose) 48 h Dexamethasone Suppression Test 

A lower dose (0.5 mg four times a day), longer treatment protocol with dexame-

thasone is an alternative to the 1 mg ODST in the assessment of people with possible 

Cushing syndrome. This longer treatment protocol can have a higher specificity; there-

fore, it is commonly preferred by some practitioners [1]. It is particularly useful in possi-

ble pseudo-Cushing cases with high UFC, but, in general, diagnostic accuracy is not as 

high as the ODST and UFC [1]. It may be preferable to the ODST in women on the con-

traceptive pill [116]. 

6.1.3. High Dose Dexamethasone Suppression Test 

A high does dexamethasone suppression test (HDST) of either 8 mg overnight or 2 

mg (or 8 mg) four times a day for 48 (or 24) hours may be used when the 1 mg ODST 

shows non-suppressed cortisol concentration [117,118]. This may help distinguish be-

tween ectopic and pituitary ACTH sources, but it is controversial and not recommended 

to establish the diagnosis of Cushing syndrome [1,118–120]. 

6.1.4. Dexamethasone-CRH Test 

The dexamethasone-CRH test is considered a second line test to help confirm the 

presence of hypercortisolism [1,121]. However, measurement of dexamethasone is rec-

ommended, the cortisol assay needs to be accurate at very low concentrations, and stud-

ies remain limited; therefore, caution should be exercised with diagnostic thresholds 

[1,122]. 

6.1.5. Dexamethasone Analysis in DST Protocol 

Consideration of dexamethasone analysis can prevent spurious results due to accel-

erated or reduced dexamethasone metabolism (endogenous or drug-induced) [1]. Anal-

ysis is not widely available and it may be that this resource is better limited to cases 

where there is a high suspicion of spurious results, as it is also not universally useful 

[115].  

6.2. CRH Stimulation with ACTH and Cortisol Quantification 

People with Cushing disease have a more pronounced increase in ACTH and corti-

sol concentration after CRH administration than those with ectopic ACTH, but it is not 

recommended to establish a diagnosis of Cushing syndrome [1,118]. Performance is su-

perior to the 8 mg overnight dexamethasone suppression test and is recommended over 

it when a pituitary adenoma has not been identified on imaging; however, CRH is diffi-

cult to obtain [26,123].  

6.3. Desmopressin (DDAVP) Test 

The desmopressin (DDAVP) test is a potentially useful test once hypercortisolism is 

confirmed [1,26,118]. Although there may be a role in pseudo-Cushing syndrome (with 

similar performance to the dexamethasone-CRH test), it is recommended for distin-

guishing Cushing disease from ectopic ACTH, particularly in non-invasive test protocols 

which combine dynamic function tests and imaging [26,124,125]. Desmopressin may al-

so be a more easily available and cheaper alternative to CRH in invasive testing proto-

cols [126]. 
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6.4. Anatomical 

There are a range of anatomical tests that can be used to help identify the source of 

the autonomous cortisol or ACTH production [1]. Although a detailed review is outside 

the scope of this paper, it is worth noting that these tests also have pitfalls, including 

significant overlap in results, e.g., in mild cases versus those without Cushing syndrome 

[29]. Practical challenges may revolve around resource, canulation of the vessels, inva-

siveness of test, and accurate labelling of specimens. Combining imaging and dynamic 

function tests may be a suitable alternative in most cases [126,127]. 

7. Other Tests 

One of the main clinical concerns in screening for Cushing syndrome is missing a 

significant life-limiting condition, such as carcinoma. There can be a temptation to image 

immediately or measure various tumour markers. Caution must be taken to avoid fur-

ther inappropriate testing and management. For example, although an ACTH producing 

ovarian cancer can cause hypercortisolaemia, it is comparatively a rare cause, and CA-

125 is non-specific for carcinoma, as it can be negative or elevated in other conditions 

(e.g., menstruation, renal failure, and lung and pancreatic cancers). Therefore, CA-125 

has no role for screening for the cause in a case of Cushing syndrome [128,129].  

7.1. Neuroendocrine Markers 

Neuroendocrine tumours (NETs) are very rare, but related biomarkers may have a 

limited role in cases of confirmed ACTH-dependent hypercortisolism [130] and have 

therefore been included here for completeness. However, caution must always be taken 

when using tumour markers as they are non-specific to carcinoma; therefore, clinical 

suspicion as to the site and type of tumour should be high before use. 

7.1.1. Chromogranin A 

Chromogranin A (CgA) is stored in secretory granules (with other granin family 

molecules, e.g., chromogranin B) in most neuroendocrine cells and neurons [131]. It can 

be released as a full-length molecule or various active fragments [131]. In suspected cas-

es of ectopic-ACTH, a raised chromogranin A can be both supportive of a NET cause 

and subsequently used as a tumour marker [3,130].  

Proton pump inhibitors can increase the CgA concentration significantly; therefore, 

they need to be stopped at least seven days prior to testing. Histamine receptor 2 antag-

onists require stopping at least 24 h before CgA sample collection [132]. CgA is also ele-

vated in many other conditions, such as non-NET cancers, renal failure, and after gluco-

corticoid use or a meal, limiting its use as a screening tool; it is also higher in the after-

noon than in the morning [131–133]. Positive analytical interference has been described 

in the presence of haemolysis or fibrin in the specimen and due to antibody interference 

[131].  

Due to the presence of fragments and a variety of post-translational modifications, 

immunoassay sensitivity differs depending on the manufacturer, due to which epitope 

the antibodies detect [133,134]. Both antibody type and assay design affect the results ob-

tained [135]. Sample stability varies widely between individuals which may be due to 

polymerisation, complex formation, folding, and degradation in the specimen [134]. 

Therefore, the current use of CgA is somewhat limited due to biological, pathophysio-

logical, and analytical factors and requires specific cautions when collecting, e.g., speci-

men kept on ice and rapid centrifugation.  
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7.1.2. Serotonin (5-Hydroxyindole Acetic Acid) 

Cushing syndrome has been described in cases of a type of NET, carcinoid; car-

cinoid tumours are the most common cause of cyclical Cushing syndrome due to ectopic 

ACTH secretion [3,130,136]. Carcinoid tumours produce biogenic amines, of which sero-

tonin is used as a screening tool. The metabolite of serotonin, 5-hydroxyindole acetic ac-

id (5HIAA), is widely measured in 24 h urine collections. However, specificity and sensi-

tivity are limited [3,130,137,138]. Platelet serotonin is not affected by diet, unlike urine 

5HIAA, and is more sensitive but not widely available [137,138]. Again, the use in Cush-

ing screening is therefore negligible, but in suspected/proven carcinoid tumours, it may 

be a useful marker to monitor treatment success.  

7.1.3. Calcitonin 

In cases of ACTH-dependent Cushing syndrome, calcitonin may be elevated in ec-

topic ACTH cases, but never in pituitary causes [3,139]. Importantly, however, calcitonin 

is not specific to the tumour type or location, and it can also be elevated in carcinoid tu-

mours, medullary thyroid cancer, small cell lung cancer, and various other types and lo-

cations [139]. This therefore limits the test to being mainly useful in monitoring only. 

7.1.4. Copeptin 

Copeptin—a cleavage peptide from ADH (vasopressin) production—has been pro-

posed as a marker of glucocorticoid activity, as glucocorticoids suppress ADH synthesis 

[140]. Copeptin is a cleavage molecule produced in equimolar amounts to ADH from 

their precursor, preprovasopressin. However, ADH is difficult to accurately measure as 

it is very unstable and produced at very low concentrations in a pulsatile fashion [141]. 

Measured by immunoassay, copeptin assays are at risk of heterophilic antibody interfer-

ence, and concentration is affected by osmolality [142]. The performance has yet to be 

shown as a useful adjunct in the management of Cushing syndrome, nor is the test wide-

ly available [140].  

7.2. Electrolytes, Acid Base, Physiological  

7.2.1. Hypokalaemic Alkalosis 

Due to cross-reactivity at mineralocorticoid receptors, hypokalaemia and alkalosis 

can be observed in hypercortisolism cases. Although occurring in adrenal adenoma, 

hypokalaemia is common in ectopic ACTH cases and has been reported to affect 71% of 

cases in one cohort [100,143]. If a very severe and rapid onset of Cushing syndrome is 

seen with hypokalaemic alkalosis, then ectopic ACTH becomes the most likely endoge-

nous cause [119]. 

7.2.2. Metabolome 

For a discussion of the steroid metabolome, please see the section above on steroid 

profiles. Exposure to excess glucocorticoids can result in complications, such as diabetes 

mellitus and dyslipidaemia. Assessment of the metabolome using ultra-high-

performance liquid chromatography-tandem mass spectrometry has been shown to dis-

criminate hypercortisolaemic patient specimens versus eucocortisolaemic [144]. It is pos-

sible that this type of technique, including molecular (see below), may have value in 

borderline cases where neither clinical nor biochemical findings can confirm or refute 

the diagnosis of hypercortisolaemia, but it has yet to be used outside a research setting.  

7.3. Molecular Genetic Techniques 

Although molecular techniques are not yet widely available nor routinely used in 

Cushing syndrome, the rapid reduction in cost and the improving specificity of these 

technologies is changing the research field. Examples include studies on DNA methyla-

tion, which regulates gene expression, e.g., FKBP5 (FK506-binding protein 51) mRNA, 
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and protein expression is directly stimulated by glucocorticoid receptor agonism [145]. 

Although endogenous and exogenous glucocorticoids will increase FKBP5 concentra-

tion, it may help to confirm hypercortisolism in those with borderline cortisol concentra-

tions, as variation in GR physiology may explain phenotype variation (i.e., why some 

people may present symptomatic earlier at more subtle cortisol concentration elevations 

than others). In summary, it is proposed that the change in methylome may demonstrate 

tissue exposure to glucocorticoids better than isolated hormones [145,146]. 

Methylation patterns of leucocyte DNA have also been shown to discriminate 

Cushing syndrome from other causes of endocrine hypertension, making the idea of a 

methylome hypertension screen an attractive proposition [147]. Other examples include 

using the gene signatures of adrenal tumours to assess prognosis and sensitivity to med-

ications [148]. 

7.4. Others 

Anti-Müllerian Hormone and PCOS 

Anti-Müllerian hormone (AMH), produced in the granulosa cells of the ovary, is 

raised in polycystic ovarian syndrome (PCOS), so it may be helpful in discriminating 

mild hypercortisolism and PCOS, which can be difficult clinically [13]. Luteinising hor-

mone (LH) and sex hormone binding globulin (SHBG) both increase in PCOS, whereas 

they fall in concentration in Cushing syndrome [13]. 

8. Testing in Medically Treated Cushing Syndrome  

Medical therapies can be used to treat hypercortisolaemia, whilst awaiting opera-

tions, or if no procedure is available or tolerable to the patient. It is vital to recognise 

how these drugs affect the assessment of cortisol status so that doses can be titrated to 

cause remission and to minimise the risk of adrenal insufficiency. 

8.1. Steroid Synthesis Inhibition 

Adrenal steroid synthesis can be inhibited by ketoconazole, mitotane, osilodrostat, 

and metyrapone, among others [26]. However, these agents result in structurally similar 

metabolites to cortisol, such as 11-deoxycortisol, which risks over treatment of spurious 

hypercortisolism or missing hypoadrenalism due to over treatment [25,26]. It is therefore 

vital to assess cortisol with an assay free from interference in the presence of steroido-

genesis inhibition, and the method of choice would be LC-MS/MS methods validated to 

be free from interference [25,144]. However, protocols involving immunoassay with 

urine and saliva have been reported [149].  

Mitotane also increases CBG concentration [150]. Therefore, immunoassay may 

overestimate the total cortisol concentration further, increasing the risk of over treat-

ment. 

8.2. Central Inhibition 

Somatostatin receptor agonism with pasireotide, or dopamine receptor agonism 

with cabergoline, can reduce cortisol secretion of adrenal adenomas via reduction in 

POMC transcription. Theoretically, these therapies should be free from interference in 

any assessment of either cortisol or ACTH, and there are no known cases of interference 

to our knowledge. 

8.3. Glucocorticoid Receptor Antagonism 

Mifepristone can be used to help control hyperglycaemia in Cushing disease as it 

blocks cortisol from binding to glucocorticoid receptors. However, it is not widely used 

and can present significant risks [151]. One particular issue is that neither ACTH nor 

cortisol concentration can be used to reliably assess the degree of hyper- or hypocorti-

solism (as either increase or remain the same); therefore, clinical assessment must be re-
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lied upon [151]. Due to cortisol cross-reactivity with renal mineralocorticoid receptors, 

significant hypokalaemia—which may be exacerbated by an increase in cortisol concen-

tration due to an increase in ACTH because of a reduction in negative feedback—is a 

significant side effect [151]. This apparent mineralocorticoid excess can mask significant 

hypocortisolaemia in mifepristone use [151].  

9. Conclusions 

Although there are significant differences between the performance of different an-

alytical techniques, specimen types, and dynamic function protocols, all have their rela-

tive merits and limitations. Poor analytical specificity may increase diagnostic sensitivi-

ty, and there is always a balance to be made with cost and laboratory resources. Com-

bining thorough clinical assessment with an understanding of test performance should 

allow most cases of hypercortisolaemia to be accurately diagnosed and monitored with-

out the use of resource intensive analysis. However, it is without doubt that improve-

ments in technology and knowledge will continue to improve diagnostic efficiency, and 

it may be time to consider the role of urine steroid profiles and salivary cortisone in 

guidelines.  
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