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ABSTRACT
Screening tests have been used to support a biochemical diagnosis

of Cushing’s syndrome (CS). Measurements of salivary cortisol offer
facilities for studying out-patients. This study assessed salivary cor-
tisol in screening for CS by evaluating hypercortisolism based on
circadian rhythm and the overnight 1-mg dexamethasone (DEX) sup-
pression test for out-patients. We evaluated 33 patients with CS.
Thirty normal volunteers and 18 obese patients were used as controls.
Salivary cortisol (nanograms per dL) levels (mean 6 SEM) were 596 6
44, 528 6 104, and 1205 6 118 (0900 h); 213 6 27, 325 6 76, and 778 6
74 (1700 h); and 95 6 8, 133 6 26, and 914 6 94 (2300 h) in normal
controls, obese subjects, and CS patients, respectively. After the over-
night 1-mg DEX test, they were 64 6 1.1, 107 6 25, and 1048 6 129,

respectively. In the present series, a single out-patient 0900, 1700,
and 2300 h measurement and an overnight 1-mg DEX salivary cor-
tisol level above the 90th percentile of the control or obese group
values had sensitivities of 65.6%, 81.8%, 100%, and 100% or 78.1%,
57.6%, 93.3%, and 91.4%, respectively. The sensitivity improved
(100%) in response to the combination of 2300 h and overnight 1-mg
DEX salivary cortisol suppression tests to differentiate between obese
and CS subjects. Our data indicate that nighttime sample and over-
night 1-mg DEX suppression salivary cortisol tests are sensitive
markers for the diagnosis of CS. In addition, the combination of the
two tests improves the ability to differentiate between obese and CS
patients and may be useful for out-patient screening. (J Clin Endo-
crinol Metab 84: 878–882, 1999)

THE DIAGNOSIS and differential diagnosis of Cushing’s
syndrome (CS) have been among the most puzzling

problems in endocrinology and remain controversial. Diag-
nostic difficulties can arise in distinguishing between CS and
situations referred to as pseudo-Cushing states, such as se-
vere obesity, high blood pressure, and depression (1–3), in
which the clinical and biochemical evidence may be confus-
ing. Therefore, the screening diagnosis applied to patients
with a clinical suspicion of hypercortisolism is highly de-
pendent on biochemical confirmation. The diagnostic strat-
egies are usually based on measurement of urinary free cor-
tisol (UFC), a low dose or overnight dexamethasone (DEX)
suppression test, and evaluation of the diurnal variation of
plasma cortisol (1–5). Recently, Yanovski et al. (6) reported
the use of a DEX-CRH test to differentiate mild CS from
normal subjects.

Twenty-four-hour urine collection for the measurement of
UFC has been considered a gold standard for the diagnosis
of CS (1, 2, 7, 8). This method has a sensitivity of 95% (5, 9)
and usually provides a clear-cut distinction between patients
with hypercortisolism and normal controls. However, in ad-

dition to the disadvantage of urine collection at out-patient
and pediatric clinics (2, 5, 9, 10), in 4% of obese patients the
cortisol production rate may be increased, leading to erro-
neous diagnosis of CS (9). The basis for the DEX suppression
test lies in the deranged feedback relationship between
ACTH and cortisol in CS. The diagnostic accuracy of the DEX
suppression test may be compromised by incomplete 24-h
urine collection, daily fluctuations in basal plasma cortisol,
or failure to take the drug, mainly by out-patients submitted
to a standard 2-day test (2, 3). Finally, although the morning
plasma cortisol level may be normal in CS, the diurnal pat-
tern of cortisol secretion is lost, as nocturnal levels are usually
increased (11, 12). However, circadian rhythm is one of the
most difficult tests of the hypothalamo-pituitary-adrenal axis
to perform properly. The test requires hospitalization, the
sample should not be obtained the first night in the hospital,
the patient should not be told a blood sample will be col-
lected, and its accuracy has been disappointing (3, 5).

In this context, measurement of cortisol in saliva may be
helpful. Cortisol concentrations in saliva are independent of
flow rate and transcortin fluctuations and reflect those in the
free fraction of plasma (13, 14). In addition, salivary samples
are obtained by noninvasive stress-free procedures, are eas-
ier to collect, even at home, and can obviate many problems
such as situations where skilled personnel are not available
(15). Salivary samples may be collected many times a day and
may provide information of great diagnostic significance in
the evaluation of CS (16). Recently, Papanicolaou et al. (17)
and Raff et al. (18) reported that late night salivary cortisol
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determination is a sensitive marker (93% and 92%) for the
diagnosis of CS in patients with mild hypercortisolism. Be-
cause of the continuing need for improved noninvasive
means of distinguishing pseudo-Cushing from CS, the aim
of this study was to assess salivary cortisol as a tool in
screening for CS by evaluating hypercortisolism on the basis
of circadian rhythm and the overnight 1-mg DEX suppres-
sion test for out-patients.

Subjects and Methods
Patients and normal subjects

We investigated in our department (between 1994–1997), after writ-
ten informed consent was obtained, 30 normal nonobese healthy vol-
unteers (13 men and 17 women; mean age 6 sd, 28.3 6 6.6 yr), 18 obese
patients including some women with conditions resembling CS features
such as essential hypertension and idiopathic hirsutism or menstrual
disorders (4 men and 14 women; age, 23.1 6 10.2 yr), and 33 patients with
CS (2 men and 31 women; age, 25.5 6 11.1 yr). The mean body mass
index values were 23.5 6 2.8, 39.5 6 8.4, and 29.3 6 6.4 kg/m2, respec-
tively, in the above groups.

Patients with both CS and obesity were referred to us with suspected
clinical features of hypercortisolism. The diagnosis of CS was established
by the lack of circadian variation in plasma cortisol levels and the lack
of a fall in the plasma cortisol response to low dose (2 mg/day for 2 days)
DEX administration. Of the 33 patients with CS, 20 were found to have
Cushing’s disease, 10 had cortisol-secreting adrenal tumors, 2 had pri-
mary pigmented nodular adrenocortical dysplasia, and 1 had adreno-
cortical nodular hyperplasia based on standard tests, including deter-
mination of plasma ACTH levels by RIA, high dose DEX suppression,
and ovine CRH (oCRH) tests (19, 20). Plasma ACTH levels (mean 6 se)
were 112 6 26, 17 6 3, 24 6 0.9, and 11 pg/mL, respectively, in the above
groups. In patients with pituitary-dependent CS, the percent suppres-
sion (mean 6 se) of plasma cortisol levels after the high dose DEX
suppression test was 36 6 8%, and there was an increase in plasma
cortisol and ACTH after the oCRH test (20). In 13 patients with adrenal
CS, all failed to suppress cortisol plasma levels in the high dose DEX test,
and there was no increase in plasma cortisol or ACTH after oCRH
treatment. Finally, the etiology of CS was confirmed by image studies,
curative surgery, or positive tissue pathology.

Salivary cortisol assessment at 0900, 1700, and 2300 h

Saliva samples (1 mL) were collected in a plastic tube by direct
spitting during a 15-min period at 0900, 1700, and 2300 h at the out-
patient clinic or at the patient’s home (21). The oral cavity was previously
cleaned with tap water. The saliva samples were stored at 4 C until the
following morning, when they were brought to the laboratory. After
centrifugation at 2000 rpm, the transparent supernatants were stored at
220 C until assayed.

Overnight 1-mg DEX cortisol suppression test

One milligram of DEX was administered orally at 2300 h. The next
morning, a post-DEX sample was taken for assay of salivary cortisol
between 0800–0900 h.

Assays

Salivary cortisol measurements were made using a previously de-
scribed RIA method in 25-mL samples of saliva without prior extraction
or chromatography. This method previously demonstrated a good cor-
relation (r 5 0.95) with plasma free cortisol determined by equilibrium
dialysis (22). The assay sensitivity was 62 ng/dL. The intra- and inter-
assay coefficients of variation (CVs) were 5.5% and 11%, respectively.
The assay showed parallelism between the standard curves and those
obtained with different dilutions of saliva with high cortisol values. All
samples obtained from each subject were analyzed in duplicate in the
same assay.

Statistical analysis

A normal circadian pattern of salivary cortisol was defined as one in
which both afternoon and nighttime salivary values were less than 83.5%
of the morning level for each subject. This value was the result of the
subtraction of 3 times the mean intraassay CV (16.5%) from the morning
value, which was taken as 100% (15). We also used a second analysis of
salivary cortisol fluctuations in circadian characterization by the method
of Krieger et al. (23). In addition, for group analysis purposes, all indi-
vidual data were combined. The mean afternoon and mean nighttime
salivary cortisol values must be less than 67% of the mean morning
value, which is taken as 100%. This percentage was the result of the
subtraction of 3 times the interassay CV (33%).

The sensitivity and specificity for salivary cortisol were determined
at different times and at various suppression levels. Levels of salivary
cortisol above the 90th percentile of the normal control and obese patient
groups were defined as cut-off points to calculate the sensitivity and the
specificity of the test in distinguishing CS. These cut-off points cannot
be considered absolute because they are defined by our dataset and may
vary somewhat when applied to a new patient population.

Data are expressed as the mean 6 sem. Results that were below the
detection limit of the assay were defined as the value of the detection
limit. Friedman’s ANOVA was performed for multiple comparisons.
The Wilcoxon-Mann-Whitney test was used when appropriate. Signif-
icance was assumed when P , 0.05.

Results
Salivary cortisol levels: diurnal variation

Figure 1 shows individual salivary cortisol values ob-
tained at 0900, 1700, and 2300 h and after the 1-mg DEX
suppression test for normal controls, obese subjects, and CS
patients. The mean (6sem) values in each group are pre-
sented in Table 1. ANOVA demonstrated significant differ-
ences among the 0900, 1700, and 2300 h salivary cortisol
levels for the normal control (P 5 0.0001), obese (P 5 0.0002),
and CS (P 5 0.02) groups. Circadian pattern of cortisol was
completely characterized in the normal control and obese
groups, but not in the CS group. Individual analysis showed
that in contrast to 97% of the normal subjects and 73% of the
obese subjects, 43% (13 of 30) CS patients had a persistence
of a diurnal variation in salivary cortisol, but the levels were
set abnormally high. The individual daily salivary cortisol

FIG. 1. Individual data points for salivary cortisol values obtained at
0900, 1700, and 2300 h (circadian rhythm; A) and after 1 mg DEX
administered on the previous night (1 mg DEX; B) for 30 nonobese
normal controls (E), 18 patients with obesity (Œ), and 33 patients with
CS (f). The mean is represented by the horizontal bar.
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variation estimated by intraassay CV-based analysis was the
same for all subjects, except two, compared to that obtained
by the method of Krieger et al. (23). The salivary cortisol
levels of patients with CS were significantly elevated at 0900,
1700, and 2300 h compared to those of obese patients (P 5
0.001, P 5 0.002, and P 5 0.001, respectively) or normal
subjects (P 5 0.0001, P 5 0.0001, and P 5 0.0001, respective-
ly). In contrast, the 0900, 1700, and 2300 h salivary cortisol
levels of obese patients did not differ from those of normal
volunteers. Although mean salivary cortisol levels were
higher for CS patients, there was a marked overlap between
groups at 0900 and 1700 h. The 2300 h salivary cortisol levels
were undetectable in 60% of normal controls (18 of 30) and
38% of obese patients (7 of 18). The highest levels detected
at this time were 232 and 392 ng/dL for normal controls and
obese patients, respectively. The range of 2300 h values found
in Cushing’s syndrome was almost entirely outside the range
of values found in the normal and obese groups. The overlap
was due to 5 patients (15%) in the CS group.

Overnight 1-mg DEX suppression test

Salivary cortisol levels in CS were significantly elevated
after the 1-mg DEX test compared to those in obese or normal
groups (P 5 0.0001). In contrast, there was no difference in
salivary cortisol levels between obese and normal volunteers.
In 28 of 30 control individuals, salivary cortisol was unde-
tectable after the 1-mg DEX test, and the 2 normal subjects
presented low detectable values (76 and 92 ng/dL). On the
other hand, the post-1-mg DEX salivary cortisol level was
detectable in every patient with CS. There was no overlap
between normal and CS ranges. However, there was overlap
between obesity and CS. Two of 18 obese patients exceeded
a value of 232 ng/dL, the lowest found in the CS group.

Sensitivity and specificity

In the present series, a single out-patient 0900, 1700, and
2300 h measurement and overnight 1-mg DEX salivary cor-

tisol levels above the 90th percentile of the control values had
sensitivities and specificities of 65.6%/87.8%, 81.8%/86.6%,
100%/87.8%, and 100%/100%, respectively (Table 2). When
we used salivary cortisol above the 90th percentile of the
obese patients’ values, the sensitivities and specificities were
78.1%/88.8%, 57.6%/88.8%, 93.3%/93.3%, and 91.4%/94.4%,
respectively, at 0900, 1700, and 2300 h and after 1 mg DEX.
The sensitivity improved (91.4% to 100%) in response to the
combination of 2300 h and overnight 1-mg DEX salivary
cortisol tests to differentiate between obese and CS patients.

Discussion

Measurements of salivary cortisol may have not modified
the investigation of hospitalized patients, but offers facilities
for studying out-patients. In our study, a comparison among
the normal, obese, and CS groups revealed a substantial
overlap of the basal 0900 h salivary cortisol levels. In this
respect, our results were similar to those of other groups
determining morning plasma free cortisol (24). Conse-
quently, the usefulness of morning salivary cortisol is also
quite limited and cannot be recommended as a test in the
differential diagnosis of hypercortisolism.

The absence of a diurnal rhythm has been considered a
hallmark of the diagnosis of CS (11, 12). However, circadian
rhythm in patients with Cushing’s disease has actually been
demonstrated in some patients (25, 26). In this study, 43% of
the CS patients presented diurnal variation of salivary cor-
tisol assessed at 1700 and 2300 h, but the levels were detect-
able and abnormally high in all cases. Studies of spot or timed
UFC between 2200–2300 h (7, 10) or a single sleeping mid-
night plasma cortisol measurement (27) have demonstrated
that at 2300 h or midnight there was no overlap between
normal subjects and CS. However, in these two studies, the
control group was not ideal and would preferably have been
formed from patients, particularly women with conditions
resembling CS, such as obesity with essential hypertension
and idiopathic hirsutism and polycystic ovarian syndrome.

TABLE 2. Sensitivity and specificity for salivary cortisol values at 0900, 1700, and 2300 h and after the overnight 1-mg dexamethasone
suppression test (1-mg DXT) for the diagnosis of Cushing’s syndrome compared as salivary cortisol levels above the 90th percentile of the
normal control and obese groups

Sensitivity (%) Specificity (%)

0900 h 1700 h 2300 h 1 mg DXT 2300 h 1
1 mg DXT

0900 h 1700 h 2300 h 1 mg DXT 2300 h 1
1 mg DXT

Control vs.
Cushing’s

65.6 (21/32) 81.8 (27/33) 100 (30/30) 100 (23/23) 100 (23/23) 87.8 (29/33) 86.6 (26/30) 87.8 (29/33) 100 (28/28) 100 (28/28)

Obese vs.
Cushing’s

78.1 (25/32) 57.6 (19/33) 93.3 (28/30) 91.4 (21/23) 100 (22/22) 88.8 (16/18) 88.8 (16/18) 93.3 (14/15) 94.4 (17/18) 93.3 (14/15)

The number of subjects is in parentheses.

TABLE 1. Salivary cortisol levels at 0900, 1700, and 2300 h and after the overnight 1-mg dexamethasone suppression test (1 mg DXT) in
normal subjects, obese patients, and Cushing’s syndrome patients

Subjects n

Salivary cortisol (ng/dL)

Mean 6 SEM Range

0900 h 1700 h 2300 h 1 mg DXT 0900 h 1700 h 2300 h 1 mg DXT

Control 30 596 6 44 213 6 27 95 6 8 64 6 1.1 188–1040 64–680 62–232 62–92
Obesity 18 528 6 104 325 6 76 133 6 26 107 6 25 88–1600 62–1080 62–392 62–400
Cushing’s syndrome 33 1205 6 118 778 6 74 914 6 94 1048 6 129 320–3120 62–1680 184–2160 232–2720

Values are the mean 6 SEM or the range.
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Recently, it was demonstrated that a single serum cortisol
value above 7.5 mg/dL at midnight discriminated CS from
pseudo-CS patients with 93% sensitivity and 100% specificity
(28). We reported salivary cortisol levels obtained at 1700 and
2300 h for 33 patients with CS compared to values in normal
and obese groups. Whereas there was no difference in sal-
ivary cortisol evaluated at 1700 and 2300 h in the CS group,
salivary cortisol was statistically higher at 1700 than at 2300 h
in both the normal and obese groups. These data mean that
the discrimination between CS and normal or obese groups
improves in the late evening. In addition, the range of values
found in CS patients at 2300 h was almost entirely outside the
range of values found for the normal and obese groups.
However, there was an overlap due to five patients with CS.
A cut-off point for salivary cortisol above the 90th percentile
of the normal subjects at 2300 h (168 ng/dL) produced a
sensitivity of 100% and a specificity of 88%. This sensitivity
is comparable to those reported in two recent studies using
a single sleeping midnight plasma cortisol determination in
patients hospitalized for a period of at least 48 h (27, 28).
However, in routine practice, saliva can be obtained any-
where and at any time; therefore, this test is easily applicable
at out-patient clinics. Our study further showed that the
cut-off point of salivary cortisol above the 90th percentile
(280 ng/dL) of the obese group at 2300 h produced a sen-
sitivity of 93.3% and a specificity of 93.3%, demonstrating
that the ideal control group should be patients with pseu-
do-CS states. This cut-off point of 280 ng/dL obtained from
our data is similar to that recently reported (29), showing that
the midnight salivary cortisol cut-off point of 270 ng/dL also
detected 13 of 14 children with CS.

The overnight 1-mg DEX suppression test (30) is simple
and reliable to segregate Cushingoid disorders from CS on
an out-patient basis (1, 30). However, attempts have been
made to improve diagnostic accuracy or simplicity (31). In
the present study, we tested whether using salivary instead
of plasma cortisol determination may simplify the 1-mg DEX
suppression test. In fact, using as a criterion a cut-off point
for salivary cortisol above the 90th percentile of the normal
control (62 ng/dL) and obese (392 ng/dL) groups, the test
had sensitivities and specificities of 100%/100% and 91.4%/
94.4%, respectively. Based on our data, the overnight 1-mg
DEX suppression test had a similar sensitivity and specificity
as the 2300 h salivary cortisol determination.

We also evaluated the performance of the combination of
both 2300 h collection and the overnight 1-mg DEX suppres-
sion salivary cortisol test to establish an easier way to dif-
ferentiate CS from obese patients. Our data indicated that
when the 2300 h collection and the overnight 1-mg DEX
suppression salivary cortisol tests were combined, the sen-
sitivity (100%) was higher than that of either test performed
individually. Raff et al. (18) reported similar improvement in
sensitivity combining an elevated late night salivary cortisol
and an elevated 24-h UFC. The improvement in the sensi-
tivity of the combined test may be a result of reducing lab-
oratory error through an additional measurement. Flack et al.
(8) estimated that at cut-off points for maximal sensitivity at
100%, specificity can vary by 4% only because of the daily
variation in baseline cortisol secretion. In addition, our com-
bined evaluation is based on two different abnormalities of

the hypothalamo-pituitary-adrenal axis in CS: the altered
circadian rhythm and the resistance to corticosteroid feed-
back.

Our data indicate that salivary cortisol determinations in
a sample collected at bedtime (2300 h) and in the overnight
1-mg DEX suppression test are sensitive markers for the
diagnosis of CS. In addition, the combination of the two tests
improves the sensitivity to differentiate between obese and
CS patients and may be useful for out-patient evaluation.
Therefore, we recommend the association of both tests, be-
cause the collection of saliva rather than blood is a practical,
simple, and noninvasive out-patient alternative to screen for
hypercortisolism.
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