Screening and Diagnosis of Cushing’s Syndrome

ABSTRACT

Cushing’s syndrome (CS) results from sustained pathologic hypercortisolism.
The clinical features are variable and the most specific features for CS include
abnormal fat distribution, particularly in the supraclavicular and temporal fos-
sae, proximal muscle weakness, wide purple striae, and decreased linear
growth with continued weight gain in a child. Clinical presentation of CS can
be florid and in this case the diagnosis is usually straightforward. However, the
diagnosis can be difficult particularly in states of mild or cyclical or periodical
hypercortisolism. Several tests based on the understanding of the physiologic
characteristics of the hypothalamic—pituitary—adrenal axis have been used
extensively to confirm the diagnosis of Cushing’s syndrome, but none has
proven fully capable of distinguishing all cases of CS from normal and/or pseu-
do-Cushing individuals. Three first-line diagnostic tests are currently used to
screen for CS: measurement of free cortisol in 24-hour urine (UFC), cortisol
suppressibility by low doses of dexamethasone (DST), and assessment of cor-
tisol circadian rhythm using late-night serum and/or salivary cortisol. This
paper discusses the effectiveness regarding best cut-off values, the sensitivity
and the specificity of these tests to screen for CS. Late-night salivary cortisol
appears to be the most useful screening test. UFC and DST should be per-
formed to provide further confirmation of the diagnosis. (Arq Bras
Endocrinol Metab 2007;51/8:1191-1198)
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free cortisol; Dexamethasone suppression; Circadian rhythm

RESUMO

Rastreamento e Diagnéstico da Sindrome de Cushing.

A sindrome de Cushing (SC) resulta de um hipercortisolismo patolégico man-
tido. As manifestagdes clinicas sdo varidveis e os achados mais especificos
para a SC incluem distribuicdo anormal de gordura, particularmente nas fossas
supraclaviculares e temporais, fraqueza muscular proximal, estrias purpureas
largas e interrupgao do crescimento linear com ganho continuo de peso na cri-
anca. A apresentacao clinica da SC pode ser florida e, neste caso, o diagnosti-
co é usualmente direto. Entretanto, o diagnostico pode ser dificultado particu-
larmente em estados de hipercortisolismo leve ou ciclico/periédico. Varios
testes baseados na compreensao das caracteristicas fisioldgicas do eixo
hipotadlamo-hipofise-adrenal tém sido usados extensivamente para confirmar
o diagnodstico da SC, mas nenhum deles mostrou-se totalmente capaz de dis-
tinguir todos os casos de SC dos individuos normais e/ou portadores de pseu-
do-Cushing. Trés testes diagnosticos de primeira linha sdo atualmente empre-
gados para rastrear SC: a medida do cortisol livre em urina de 24-horas (CLU),
a supressao do cortisol por doses baixas de dexametasona (TSD) e a avaliagao
do ritmo circadiano do cortisol usando a dosagem do cortisol sérico ou salivar
as 23-24 hs. Este artigo discute a efetividade com relacao aos melhores valores
de corte e a sensibilidade e especificidade destes testes no rastreamento da
SC. O cortisol salivar as 23-24 hs parece ser o teste mais util de rastreamento.
O CLU e o TSD devem ser realizados na tentativa de fornecer confirmacao adi-
cional ao diagndstico. (Arq Bras Endocrinol Metab 2007;51/8:1191-1198)

Descritores: Sindrome de Cushing; Hipercortisolismo; Cortisol salivar; Corti-
sol livre urindrio; Supressao com dexametasona; Ritmo circadiano
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CUSHING’S SYNDROME (CS) results from lengthy
and inappropriate exposure to excessive concen-
trations of circulating free glucocorticoids. CS may be
caused by excess ACTH production (80-85%), usual-
ly by a pituitary corticotroph adenoma — Cushing’s
disease (CD), less frequently by an extrapituitary
tumor (ectopic ACTH syndrome), or very rarely by a
tumor secreting CRH (ectopic CRH syndrome). CS
can also be ACTH-independent (15-20%) when it
results from excess secretion of cortisol by unilateral
adrenocortical tumors, either benign or malignant, or
by bilateral adrenal hyperplasia or dysplasia (1,2).
However, it is important to point out that the most
common cause of Cushing’s syndrome is use of supra-
physiological amounts of exogenous glucocorticoids,
including topical or inhaled corticosteroids (iatrogenic
Cushing’s syndrome). Therefore, the diagnosis of
endogenous CS should begin with a careful case his-
tory and a thorough physical examination, looking for
the characteristic features while excluding the use of
oral, parenteral, inhaled, or topical corticosteroids.

The suspicion of CS in a patient arises in the
presence of central obesity with supraclavicular fat accu-
mulation, a cervical fat pad, thinned skin, purple striae,
proximal muscle weakness, fatigue, high blood pressure,
glucose intolerance, acne, hirsutism, and menstrual irre-
gularity. Neuropsychological disturbances including de-
pression, emotional irritability, sleep disturbances, and
cognitive deficits are also frequently observed. Muscular
atrophy and purple striae are particularly helpful stigma-
ta in adults, whereas in children growth retardation is
frequently present (1,2).

Clinical presentation of CS can be florid and in
this case the diagnosis is usually straightforward. How-
ever, the diagnosis can be difficult particularly in states
of mild or cyclical or periodical hypercortisolism (3-5).
CS diagnosis suspicion should also arise with a less
complete picture, particularly if concomitant recent
weight gain, impaired glucose tolerance, and high
blood pressure are present (6). The epidemic of obesi-
ty and metabolic syndrome increased the number of
patients with the Cushing’s phenotype, which might
also require screening for CS, especially if young and
resistant to conventional treatment. In addition, two
studies found that 2% to 3% of patients with poorly
controlled type 2 diabetes mellitus may have unrecog-
nized Cushing’s syndrome (7,8). Many of adrenal
incidentalomas demonstrate subtle autonomous secre-
tion of cortisol (9,10). Subclinical Cushing’s syn-
drome caused by adrenal incidentalomas is frequently
associated with overweight and insulin resistance. A
recent study to evaluate the prevalence of occult CS in
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overweight, type-2 diabetic patients demonstrated a
relatively high number of patients with occult CS (11).
However, the authors suggested that further studies
are needed to evaluate the impact of the cure of occult
CS on obesity and diabetes mellitus in these patients.
In addition to these conditions, screening might also
be warranted in certain groups of patients without
classic clinical features, such as hypertensive patients
and men with unexplained osteoporosis (12). There-
fore, the diagnosis of CS is often a challenge for clini-
cians due to the variable pattern and the nonspecifici-
ty of clinical manifestations.

Primary care physicians may suspect CS and
proceed to the initial biochemical screening tests.
However, due to the potential complexity of investi-
gation, further evaluation and treatment of this syn-
drome should be conducted in specialized endocrinol-
ogy referral centers. The choice of optimal laboratory
screening procedures for patients in whom the suspi-
cion of CS has arisen is not firmly established. In addi-
tion, in cases where the diagnosis of CS is suspected
clinically but initial screening tests are normal, the
patient should be reevaluated at a later date, and inva-
sive procedures should be postponed.

BIOCHEMICAL DIAGNOSIS OF
HYPERCORTISOLEMIA

Several tests based on the understanding of the physio-
logic characteristics of the hypothalamic— pituitary
—adrenal axis have been used extensively to confirm the
diagnosis of the Cushing syndrome, but none has
proven fully capable of distinguishing all cases of CS
from normal and/or pseudo-Cushing individuals.
Among these, four diagnostic tests are currently used to
screen for CS: measurement of free cortisol in 24-hour
urine (UFC), cortisol suppressibility by low doses of dex-
amethasone, and assessment of cortisol circadian rhythm
using late-night serum and salivary cortisol levels (6) and
the dexamethasone-CRH test. Table 1 shows the diag-
nostic criteria and sensitivities and specificities for these
tests.

Measurement of free cortisol in

24-hour urine

UFC is an integrated index of blood circulating free
cortisol during 24-hour period. In contrast to plasma
cortisol levels, which measure total cortisol, it is not
affected by corticosteroid-binding globulin (CBG)
levels (13). Urinary creatinine may also be measured
with UFC; if glomerular filtration rate is less than 30
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Table 1. Screening fests for Cushing’s syndrome: diagnostic criteria, sensitivities and specificities for each fest.

Screening test Criteria Sensitivity Specificity
UFC 3-fold basal values 90-98% 45-95%
(8 samples)

Plasma cortisol levels < 1.8 ug/dL 93-100% 20-26%
at 2300 h < 7.5 ug/dL 96-100% 88-100%
Salivary cortisol levels < 250 ng/dL* 90-96% 96-100%
at 2300 h

Plasma cortisol < 1.8 ug/dL 91-97% 87-94%
after T mg DST

Plasma cortisol < 1.8 ug/dL 92-100% 92-100%
after 2 mg DST/2 days

Salivary cortisol < 390 ng/dL 93-98% 94%
after T mg DST

UFC < 10 pg/24h 97-100% 90-100%
after 2 mg DST/2 days

Plasma cortisol < 1.4 pg/dL 100% 67-100%
after low dose DST/CRH

DDAVP ACTH increase > 27 pg/mL or > 6 pmol/L 86.8% 90.7%

UFC (Urinary free cortisol): normal range: <80-120 ug/24 h or <220-330 nmol/ 24h (RIA);

<80 pg/24 h or <138 nmol/24h (HPLC).

* Cut-off value (mean) based on several available studies (95%Cl 153-346 ng/dL).

DST. dexamethasone suppression fest, CRH: corticotrophin releasing hormone, DDAVP: Desmopressin.
To convert plasma cortisol from ug/dl to nmol/L, multiply by 27.6.

To convert salivary cortisol from ng/dl to nmol/L, multiply by 0.028.

mL/min, UFC can be normal despite the presence of
excessive cortisol production. In children, the urinary
cortisol excretion should be corrected for body surface
area/1.72 m2. Due to the possibility of intermittent
hypercortisolism, up to three 24-h urine collections
should be performed and if they are normal, CS is
highly unlikely. On the other hand, values four-fold
greater than the upper limit of normal strongly suggest
Cushing’s syndrome (12). Milder elevations of urinary
cortisol can be found in conditions such as chronic
anxiety, depression, and alcoholism, all of which are
also known as pseudo-Cushing states (14), and in
normal pregnant women.

The reference range for urine free cortisol levels
depends on the type of assay used (15). Measurement
of urinary cortisol by immunoassays (RIA or immuno-
metric assays; normal range: < 80-120 ug/24h or <
220-330 nmol/24h) is influenced by various metabo-
lites of cortisol and some synthetic glucocorticoids,
whereas measurements using high-performance liquid
chromatography (HPLC) allow the separation of vari-
ous urinary glucocorticoids and metabolites (normal
range: < 50 ug/24h or < 138 nmol/24h). Thus,
HPLC or gas chromatography coupled with mass
spectrometry provides the best specificity for measur-
ing UFC (16,17) and is replacing older immunoassay
methods because of its higher specificity. Differences
in assay methodology may make interpretation of the
data very challenging. Although HPLC has a high sen-
sitivity and  specificity, occasionally interfering sub-
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stances, such as carbamazepine and digoxin, can also
coelute with cortisol and produce false elevations of
the UFC (18). The sensitivity of UFC for Cushing’s
syndrome may be only 45-71% at 100% specificity
(19,20). Furthermore, pseudo-Cushing’s states may
have false-positive UFC testing (21,22). Therefore,
although UFC may be useful to confirm Cushing’s
syndrome, its sensitivity and specificity are not optimal
as an initial screening test and it cannot be considered
as a universal single screening test for the detection of
CS (6,23).

Low-dose dexamethasone

suppression tests (DST)

Two dexamethasone-suppression tests (DST) are use
for screen CS, the overnight and the 48-h DST. These
tests depend on the concept that dexamethasone will
suppress ACTH and cortisol release in normal sub-
jects, while patients with corticotroph adenomas will
not suppress below a specified cut-oft. The overnight
low-dose (1 mg) DST consists of the oral intake of 1
mg dexamethasone between 2300 and 2400 h, fol-
lowed by measurement of fasting plasma cortisol
between 0800 and 0900 h in the following morning.
In the 48-h test, dexamethasone is given at the dose of
0.5 mg every 6 h for 2 days at 0900 h, 1500 h, 2100
h, and 0300 h with measurements of cortisol in serum
at 0900 h at the start and end of the test. The original
criterion for normal level of suppression was a plasma
cortisol level below 5 ng/dL (138 nmol/liter) (24).
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More recently, this cut-oft level has been reduced to
less than 1.8 pg/dL (50 nmol/liter) (2), greatly
enhancing the sensitivity of the overnight DST, espe-
cially in patients with mild hypercortisolism. However,
the cortisol assay must have a high sensitivity (1
prg/dL or 27.6 nmol/liter).

There are many interfering conditions in DST:
decreased dexamethasone absorption, drugs enhanc-
ing hepatic dexamethasone metabolism, inducing the
cytochrome P450-related enzymes (barbiturates,
phenytoin, carbamazepine, rifampicin, meprobamate,
aminoglutethimide, methaqualone), increased con-
centration of CBG (estrogen treatment, pregnancy)
and pseudo-Cushing states (6). The 48-h test,
although more cumbersome than the overnight test, is
more specific. Because the 1 mg overnight DST is easy
to perform and has low cost it is used as a first-line
screening test in outpatient screening.

Some patients with Cushing’s disease (3—-8%)
retain sensitivity to dexamethasone and show suppres-
sion of serum cortisol (25,26). Additionally, DST has
a significant false positive rate, especially in chronically
ill (23%) or obese patients (13%) and in patients with
major depression (43%) or other psychiatric disorders
(8—41%). A false-positive rate of up to 30% has been
reported in other admitted patients and healthy indi-
viduals (27-29). Therefore, because of many interfer-
ing conditions and the significant variability of the bio-
logical behavior of corticotroph adenomas, neither the
overnight nor 2-day DST test appears to be able to
reliably rule out Cushing’s syndrome using standard
cut-offs for serum cortisol (12).

Late-night plasma cortisol

Physiological cortisol secretion is characterized by cir-
cadian rhythmicity. Serum cortisol concentration
reaches its zenith in the morning (0600-0800 h) and
its nadir in the night during the first half of normal
sleep. Normal circadian rhythm of cortisol secretion is
lost in patients with Cushing’s syndrome and elevated
late-night cortisol serum level has been reported to be
the carliest and most sensitive marker of the disease
(18). Thus, midnight serum cortisol has been demon-
strated to be very effective in recognizing patients with
mild signs and symptoms.

Newell-Price et al. (30) were the first authors to
propose this screening test. They collected blood sam-
ple in 150 patients with CS and in 20 healthy subjects,
in a sleeping state. The test achieved 100% sensitivity
using a cut-oft value of 1.8 ng/dL (50 nmol /L) but the
specificity was not tested. Other authors also assessed
patients, but in a nonsleeping state, and found higher
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cut-oft values (7.5 ng/dL or 207 nmol/L) with good
sensitivity (90.2-96%) and high specificity (96.5-100%)
(21,31). Therefore, a single sleeping midnight plasma
cortisol concentration of less than 1.8 ng/dL eftective-
ly excludes CS. Concentrations of more than 1.8 ng/dL
are noted in individuals with CS and in patients with
acute illness. An awake midnight concentration of cor-
tisol in plasma of more than 7.5 pg/dL obtained in a
nonsleeping state had 97% sensitivity to distinguish
between CS and pseudo-CS in the largest series up to
now reported but can miss mild disease diagnosis in
about 7% of cases (21). More recently, Reimondo et al.,
(32) obtained 100% sensitivity with a threshold value of
1.5 pg/dL, but the specificity was only 68.2% at that
level. The best cut-oft value found with ROC analysis
was 4.0 ng/dL, which is remarkably greater than that
proposed by the recent consensus statement (6).
Recently, in a large series of Cushing’s syndrome sus-
pects, urinary free cortisol and cortisol suppression after
1 mg dexamethasone achieved satisfactory specificity.
Conversely, serum cortisol concentrations at midnight
should be interpreted with caution, especially with the
1.8 pg/dL cut-off (33). Besides controversial cut-off
values, sleeping midnight blood sample collection for
serum cortisol is not a stress-free sample and is not real-
istic under normal conditions of clinical practice, which
make this test suboptimal for most clinicians (32).

Late-night salivary cortisol

Cortisol concentrations in saliva are independent of
flow rate and transcortin fluctuations and reflect those
in the free fraction of plasma (34,35). Salivary samples
are obtained by noninvasive stress-free procedures,
easier to collect, has stability at room temperature, and
may be collected many times a day (36). The impor-
tance of salivary cortisol in the evaluation of the pitu-
itary-adrenal function, specifically in CS, has been de-
monstrated more than two decades ago using a com-
petitive assay (37,38). Because of the continuing need
for improved noninvasive means of distinguishing
pseudo-Cushing from CS, salivary cortisol is a highly
suitable screening procedure for outpatient assess-
ment. Indeed, it has now been convincingly demons-
trated in more than 10 studies in adults (20,22,31,
32,39-42) and children (40,43,44) that an elevated
late-night salivary cortisol sampling is an excellent sub-
stitute for increased midnight serum cortisol in the
diagnosis of Cushing’s syndrome. It could be particu-
larly useful in investigating patients with cyclical CS
with repeated evening measurements over time. Late-
night salivary cortisol has also been shown to be useful
to identify patients with pseudo-Cushing’s syndrome
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that is the presence of the cushingoid habitus associat-
ed with alcohol intake, type 2 diabetes, and major
depression (22,31). However, there are several other
conditions such as hypertension, advanced age, and
psychiatric diagnoses that may lead to false-positive
late-night salivary cortisol results (45).

Diagnostic ranges vary between reports because
of the different assays and the comparison groups used
to set cut-oft points. Table 2 shows an overview of
late-night salivary cortisol studies conducted in adult
controls and CS patients. In the majority of previous
papers, salivary cortisol was measured by radioim-
munoassay (RIA). Recently the U.S. Food and Drug
Administration approved a new enzyme-linked
immunosorbent assay (EIA) developed by Diagnostic
Systems Laboratories (DSL) for salivary cortisol (46).
Using this assay, Raff et al. (47) compared in the same
sample the measurement of salivary cortisol obtained
by this method and also by RIA. Saliva samples, col-
lected at 2300 h, were sent to their laboratory to
screen patients for Cushing’s syndrome. Other set of
samples was obtained at 2300 h from healthy elderly
and from apparently healthy individuals. The impor-
tant finding was that EIA and RIA gave different
results on the same sample. The EIA showed consis-
tently higher salivary cortisol values than the RIA. The
RIA results were much closer to the expected value of
an independently created cortisol stock solution dilut-
ed in saliva. These data suggest that salivary cortisol
measured by RIA reflects more accurately the free level
of circulating cortisol.

Another immunoassay has been commercialized
from ROCHE Elecsys immunoassay system (Salimet-
rics EIA) (48). The salivary cortisol measurement
using this assay was also compared with the measure-

ment by the DPC RIA (46). The authors observed
that Salimetrics EIA yielded results very close to those
obtained with the DPC RIA, particularly in the critical
diagnostic range of 0.3-10.0 nmol/L (11-357
ng/dL). These results are in contrast to those previ-
ously obtained by EIA from DSL method (47). The
only relevant disadvantage of the Salimetrics EIA was
that the highest calibrator concentration (49.7
nmol/L) is considerably lower and frequent dilution
of high-concentration samples from patients with
Cushing’s syndrome are necessary. The advantages of
the Salimetrics EIA compared with the DSL EIA are:
it produces results not different from those obtained
with the DPC RIA in the clinically important range,
and it is FDA-cleared for in vitro diagnostic use.
More recently, liquid chromatography-tandem
mass spectrometry (LC-MS/MS) measurement of sali-
vary cortisol has been also available commercially
(49,50). RIA and LC-MS/MS measurement of sali-
vary cortisol and their accuracy of reference ranges
were compared, in a cross-sectional prospective study
of outpatients, in healthy volunteers and obese sub-
jects with cushingoid features (49). This study demon-
strated an important rate of abnormal bedtime salivary
cortisol, measured in two different commercial assays
and evaluated with laboratory provided normative
ranges. The authors suggested that although a normal
bedtime salivary cortisol result is useful to exclude
Cushing’s syndrome, an abnormal salivary cortisol
value should not be used alone to establish the diag-
nosis of Cushing’s syndrome. In a recent paper, Liu et
al. (45) evaluated salivary cortisol in 206 male veterans
with an enzyme immunoassay whose normal range was
based on 73 healthy lean subjects. In that report, 20%
of all participants and 40% of diabetic, hypertensive

Table 2. Overview of studies conducted in confrol subjects and Cushing’s syndrome patients using late-night (2300 h) salivary

cortisol.
Study Cortisol Detection limit Control Cushing’s Cut-off
assay (ng/dL) subjects syndrome values
Laudat et al. (1988) CPB assay 57 78-146 1278 £ 178 328
Raff et al. (1998) RIA 14 43 + 3.8 821 + 150 130
Castro et al. (1999) RIA 62 95+ 8 924 + 94 280
Papanicolaou et al. (2002) RIA 100 260 + 20 630 415
Raff et al. (2003) EIA 10.7 43 + 3,6 728 + 464 153
Putignano et al. 2003 RIA 50 180 + 20 970 + 130 350
Yaneva et al. (2004) RIA 30 79 + 59 1210 + 2031 200
Viardot et al. (2005) RIA 29 75 (29-153) 674 (250-1824) 220
Vogeser et al. (2006) EIA 36 178 (50-596) NA 318
LC-MS/MS 20 65-157
Baid et al. (2007) RIA 50 142 + 218 NA NA
LC-MS/MS 4 46 + 70

CBP: competitive binding assay, RIA: radioimmunoassay, EIA: enzyme immunoassay, LC-MS/MS: liquid chromatography-

tfandem mass spectrometry; NA: not available.

Salivary cortisol levels (ng/dl) are presented as mean + SD or range, in control subjects and Cushing’s syndrome patients.

Arqg Bras Endocrinol Metab 2007;51/8
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subjects at least 60 yr of age had an abnormal 2300-h
salivary cortisol level. At the time of publication, no
participant had been diagnosed with Cushing’s syn-
drome. Substantially lower concentrations were found
with isotope dilution LC-MS/MS compared to RIA.
Similar results were also observed comparing LC-
MS/MS and the Roche Cobas cortisol immunoassay
results (49,50).

Because salivary cortisol measurement is increa-
sing in popularity, it is important to be aware of the
different results generated by the commercially avail-
able methods and to interpret the published reference
intervals appropriately. Therefore, the normal refer-
ence ranges are assay-dependent and should be vali-
dated for each laboratory. Nevertheless, late-night sali-
vary cortisol measurement can be recommended as a
first-line diagnostic test for CS in both low-risk and
high-risk (pseudo-Cushing states) patients. Given its
convenience and diagnostic accuracy (table 1), with
sensitivity and specificity of between 95% and 98%, this
test may profitably be added to traditional screening
procedures, such as UFC and 1 mg DST.

So far, the majority of bedtime salivary cortisol
measurement data were obtained by RIA. A critical
analysis of these RIA data (table 2) indicates that
among several available studies the cut-off value of
late-night salivary cortisol levels, reliable to segregate
pscudo Cushing from CS, was 250 + 104 ng/dL
(mean = SD, ranging from 130 to 415, 95%CI
153-346 ng/dL). Therefore, in the presence of bed-
time salivary cortisol levels higher than 350 ng/dL,
the diagnosis of CS is quite confident. On the other
hand, in the presence of values lower than 150 ng/dL,
the CS diagnosis is unlikely. However, if the bedtime
salivary cortisol levels are in the gray area (> 150 and
< 350 ng/dL), it is suggested that salivary cortisol
sampling and other screening tests should be repeated.
Until widely acceptable thresholds are generated, we
suggest that each center should establish its own refer-
ence range and cut-off points (12,23,31).

Other second-line diagnostic tests to
screen for CS

The dexamethasone /corticotropin-releasing-hormone
(DST-CRH) test was designed to take advantage of
the physiologic impact of glucocorticoid-negative
feedback on the hypothalamic—pituitary— adrenal axis,
as well as the sensitivity of the pituitary adrenal system
to hypothalamic stimulation with CRH. There are
occasional patients in whom the screening tests
described above are equivocal (figure 1). The com-
bined DST-CRH test has been used in these condi-
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| Cushing’s syndrome suspected |

! ) !

2300h salivary cortisol 2300h salivary cortisol 2300h salivary cortisol
< 150 ng/dL > 150 < 350 ng/dL > 350 ng/dL

24 hour UFC
< 50 pg/24h

Overnight 1 mg DST
Plasma cortisol < 1.8 pg/dL

24 hour UFC
> 4 x normal

24 hour UFC
> 1-3 x normal

Overnight 1 mg DST
Plasma cortisol > 7.5

Overnight 1 mg DST
Plasma cortisol > 1.8 and

< 7.5 pg/dL pg/dL
cS High index of suspection cs

Repeat above tests
2 mg DST, DST-CRH

excluded confirmed

Figure 1. Algorithm for establishing the diagnosis of Cush-
ing’s syndrome. DST: dexamethasone suppression test, UFC:
urinary free cortisol, DST-CRH: dexamethasone-corti-
cotropin-releasing hormone test.

tions. The DST-CRH test was first shown by the NTH
center to be highly accurate in distinguishing CS from
pseudo-CS (51), mainly mild Cushing’s disease from
normal physiology (52).

The test is performed by giving dexamethasone
orally 0.5 mg every 6 h for 48 h, starting at 1200 h, and
then administering ovine-sequence CRH (1 pg/kg) iv
at 0800 h (2 h after the last dose of dexamethasone).
The plasma cortisol value 15 min after CRH is greater
than 1.4 pg/dL (38 nmol/liter) in patients with CS,
but remains suppressed in normal individuals and in
patients with pseudo-CS (51). Criteria for a normal
ACTH response have not been firmly established. The
DST-CRH test is expensive and time-consuming. Cau-
tion is needed in interpreting this test since it requires
highly sensitive cortisol assays and the precision of the
majority of cortisol assays in routine use at the this cut-
off level is poor. Furthermore, abnormal DST-CRH
testing has been found in patients with anorexia nervosa
(53) suggesting that non-Cushing’s related increases in
hypothalamic-pituitary adrenal axis activity will lead to
false positive results.

Because desmopressin (1-deamino-8D-arginine
vasopressin, DDAVP), a vasopressin analogue, stimu-
lates ACTH release in patients with CS but not in the
majority of normal, obese, and depressed subjects, it
has been used to investigated its ability to discriminate
CS from pseudo-Cushing states (54,55). In these
studies, a plasma peak ACTH increase equal to or
greater than 6 pmol/L (27 pg/mL), indicated by
ROC analysis, allowed the best discrimination
between patients with CS and the other groups, with
a sensitivity of 86.8%, a specificity of 90.7%, and a
diagnostic accuracy of 89%. Therefore, when doubt
remains about diagnosis, the DST-CRH test and the
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desmopressin test can be used. However, their diag-
nostic accuracy needs further validation.

In conclusion, different approaches have been
developed over the years, but all of them have demon-
strated some limitations, and none of the proposed
screening tests can detect all cases of CS. The three
commonly performed diagnostic tests for CS — UFC,
low doses DST, and late-night plasma or salivary corti-
sol — are complementary. Figure 1 summarizes a sug-
gested approach to screening for Cushing’s syndrome.
In patients with mild or intermittent hypercortisolism,
any of these tests may yield “normal” results and be mis-
leading. Because of the high sensitivity and ease with
which repeated measurements can be performed, late-
night salivary cortisol appears to be the most useful
screening test. UFC and DST should be performed to
provide further confirmation of the diagnosis.
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