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Salivary cortisol is an index of plasma free cortisol and is obtained by
a noninvasive procedure. We have been using salivary cortisol as a
tool for physiological and diagnostic studies, among them the emergence of circadian rhythm in preterm and term infants. The salivary
cortisol circadian rhythm in term and premature infants was established between 8 and 12 postnatal weeks. In the preterm infants the
emergence of circadian rhythm was parallel to the onset of sleep
rhythm. We also studied the use of salivary cortisol for screening for
Cushings syndrome (CS) in control and obese outpatients based on
circadian rhythm and the overnight 1 mg dexamethasone (DEX)
suppression test. Salivary cortisol was suppressed to less than 100 ng/
dl after 1 mg DEX in control and obese patients. A single salivary
cortisol measurement at 23:00 h and again after 1 mg DEX above the
90th percentile of the obese group values had sensitivity and specificity of 93 and 93% (23:00 h), and 91 and 94% (after DEX), respectively. The sensitivity improved to 100% when we combined both
parameters. We also studied 11 CS children and 21 age-matched
primary obese children for whom salivary cortisol sensitivity and
specificity were 100/95% (23:00 h), and 100/95% (1 mg DEX),
respectively. Similar to adults, sensitivity and specificity of 100%
were obtained by combining 23:00 h and 1 mg DEX. The measurement of salivary cortisol is a useful tool for physiological studies and
for the diagnosis of CS in children and adults on an outpatient basis.

Introduction
Salivary cortisol measurement by radioimmunoassay is an excellent index of plasma
free cortisol concentration, independently of
flow rate or transcortin fluctuations (1,2). In
addition, samples are obtained by noninvasive stress-free procedures, are easier to collect, even at home, and can obviate many
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problems such as the lack of skilled personnel (3). Salivary samples may be collected
many times a day and may provide information for physiological and diagnostic studies.
There are only a few previous longitudinal investigations using salivary cortisol (4,5)
and one using plasma cortisol (6) to study the
mean age of appearance of the circadian
rhythm in term infants. In addition, this inBraz J Med Biol Res 33(10) 2000
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formation is not available for premature infants. The ontogenetic maturation of the circadian sleep-wake rhythms in preterm and
full-term infants has been widely accepted
as the result of the length of exposure to
environmental time cues, rather than neurologic maturity (7-9). These observations
prompted us to compare the effects of prematurity on the temporal evolution of the
circadian variation in salivary cortisol and
on the daily rhythm of sleep and wakefulness in preterm infants.
Salivary cortisol may also be used to
improve the diagnosis and differential diagnosis of Cushings syndrome (CS), which is
one of the most puzzling problems in endocrinology and remains controversial. Diagnostic difficulties can arise in distinguishing
between CS from situations often referred to
as pseudo-Cushings states, including severe obesity, high blood pressure and depression among others (10-12), in which the
clinical and biochemical evidence may be
confusing. The difficulties in diagnosing CS
are also present in childhood and adolescence. Excessive weight gain and growth
retardation are the most common features
and the typical phenotype with centripetal
fat distribution and wasted appearance of the
extremities due to increased protein catabolism is less frequent in childhood (13,14).
Therefore, the screening diagnosis applied
to adult or pediatric patients with a clinical
suspicion of hypercortisolism is highly dependent on biochemical confirmation. The
diagnostic strategies are usually based on
measurement of urinary free cortisol (UFC),
a low dose or overnight dexamethasone
(DEX) suppression test (15), and an evaluation of the diurnal variation of plasma cortisol (10-12,16,17). The UFC has a sensitivity
of about 95%, but has the disadvantage of
relying on patient management for proper
collection, especially in young children. Because of the continuing need for improved
noninvasive means of distinguishing pseudoCushing from CS, we used salivary cortisol
Braz J Med Biol Res 33(10) 2000

measurement as a tool in screening for CS,
evaluating hypercortisolism by the circadian
rhythm and the overnight 1 mg DEX suppression test for outpatients.
We shall attempt to review some of the
novel findings, which could be used in physiological studies and as newer diagnostic techniques for CS in children and adult on an
outpatient basis.

Circadian rhythm ontogeny
The mean age of appearance of the circadian rhythm of salivary cortisol secretion is
from the second and third month in healthy
term infants, as reported by us and others
(4-6). These data suggest that circadian maturation of the hypothalamic-pituitary-adrenal
axis occurs at an early postnatal age in normal
infants. A previous study also reported an
inverse relationship between gestational age
and baseline plasma cortisol values in premature infants (18). We studied nine premature
newborn infants with a gestational age of 31 to
34 weeks as evaluated by the somatic Capurro
method (19). Salivary samples were obtained
at weeks 2, 4, 8, 12, 16, 20 and 24 of postnatal
life. Saliva samples were collected between
8:00 and 9:00 h (morning sampling) and between 21:00 and 22:00 h (night sampling) at
the neonatal nursery and at the patients home
after discharge. The mothers were also instructed to record their infants 24-h sleepwake activities on a sleep diagram during the
24 h preceding saliva collection (20).
The individual circadian rhythm emerged
from 2 to 16 postnatal weeks. The median
and mean for the appearance of this rhythm
were 8 and 9.3 postnatal weeks, respectively, in this longitudinal study. The development of circadian cortisol rhythm obtained
by pooling the results emerged in the group
as a whole between 8 and 12 postnatal weeks.
Similar findings were also observed by us
for salivary cortisol rhythm in full-term babies using the same longitudinal protocol
and salivary cortisol radioimmunoassay (5).

1173

Salivary cortisol as a research and diagnostic tool

These data clearly indicate that cortisol circadian rhythm starts between the second and
third month of postnatal life both in term and
preterm babies. These results suggest that
the development of cortisol circadian rhythm
in premature infants is not necessarily retarded and that gestational age (31 to 34
weeks) is not critical for the timing of emergence of the hypothalamic-pituitary-adrenal
axis circadian activity (21).
The major action of the environment is to
synchronize the circadian rhythms by frequent periodic signals, such as light-dark,
rest-activity and sleep-wake cycles, food ingestion and social cues (22,23). Therefore,
we also evaluated the timing of the emergence of the 24-h rhythm of sleep and wakefulness in these premature babies. The onset
of the circadian rhythm of sleep was detected from 8 postnatal weeks in this preterm
group. This age is similar to those previously
reported for preterm (9.8 ± 2 weeks) and
term (8.7 ± 2.7 weeks) babies (8). There was
a parallelism between the appearance of such
rhythm and the mean age at the onset of the
salivary cortisol circadian rhythm. This similarity may indicate that the two parameters
are intimately related or that this parallelism
may simply be a coincidence. Our data suggest that the complex neuroanatomical pathways, including the hypothalamic nuclei of
the cortisol circadian rhythm-generating system, are sufficiently developed between 31
and 34 post-conceptional weeks. At this time,
the circadian rhythm is able to operate after
delivery under the influence of internal and
external synchronizers at a postnatal age
similar to that of term infants.

Salivary cortisol in Cushings
syndrome
In a comparison among 30 normal volunteers (control), 18 obese patients, and 33
patients with CS basal nine oclock salivary
cortisol levels presented a substantial overlap in values. Consequently, the usefulness

of morning salivary cortisol and morning
plasma free cortisol is questionable and the
measurement of these parameters cannot be
recommended as a test for the differential
diagnosis of hypercortisolism. The absence
of a diurnal rhythm has been considered to
be a hallmark of the diagnosis of CS (24,25).
In general, studies determined by spot or
timed UFC between 22:00-23:00 h (26,27),
or a single sleeping midnight plasma cortisol
(28), or salivary cortisol levels obtained at
23:00 h (29) have demonstrated that evening
secretion is higher in CS than in normal
subjects. The salivary cortisol values found
in CS patients at 23:00 h were almost entirely outside the normal range, with a 15%
overlap, compared to the values found in
normal and obese groups. A cut-off salivary
cortisol point above the 90th percentile of
the normal control subjects at 23:00 h (168
ng/dl) produced a sensitivity (100%) and a
specificity (88%) comparable to those described in two recent studies using a single
sleeping midnight plasma cortisol determination in patients hospitalized for a period of
at least 48 h (28,30). Our study further showed
that the cut-off point for salivary cortisol
above the 90th percentile (280 ng/dl) of the
obese group values at 23:00 h produced
93.3% sensitivity and specificity, also similar to the values reported in another recent
preliminary study (31).
The overnight 1 mg DEX suppression
test (32) is simple and reliable to differentiate cushingoid disorders from CS on an outpatient basis (10,32). To improve its diagnostic accuracy and simplicity we tested
whether substituting saliva for plasma cortisol determination may simplify the 1 mg
DEX suppression test. In fact, using as a
criterion the cut-off point for salivary cortisol above the 90th percentile of the values
for the normal control (62 ng/dl) and obese
(392 ng/dl) groups, the test had sensitivity
and specificity of 100/100% and 91.4/94.4%,
respectively. The overnight 1 mg DEX suppression test presented sensitivity and speciBraz J Med Biol Res 33(10) 2000
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ficity similar to those of the 23:00 h salivary
cortisol. We then evaluated the performance
of the combination of both 23:00 h collection and overnight 1 mg DEX suppression of
salivary cortisol. In fact, when both tests
from the same patients were combined, the
sensitivity was higher (100%) than that of
either test performed individually. Our data
indicate that bedtime (23:00 h) collection
and the overnight 1 mg DEX salivary cortisol suppression test are sensitive markers for
the diagnosis of CS.
We also studied 11 children with CS
confirmed by standard laboratory investigation and surgical findings and 21 age-matched
primary obese children as controls (33). In
these groups salivary samples were collected
at 23:00 h, and after an overnight DEX suppression test (20 µg/kg up to 1 mg). As we
previously observed in adults with CS, the

sensitivity and specificity of salivary cortisol
were 100 and 95% (23:00 h) and 100 and
95% (after DEX), respectively. Sensitivity
and specificity of 100% were obtained by
combining the data for 23:00 h and after 1
mg DEX. Therefore, in adult or pediatric
patients with CS, we recommend the association of the two tests since the collection of
saliva rather than blood is a practical, simple,
and noninvasive outpatient alternative for
the screening of hypercortisolism.
In conclusion, salivary cortisol measurement is a useful tool for physiological studies,
is also simple and effective for the diagnosis of
CS, both in children and adults, and has the
advantage of being performed on an outpatient basis. These issues are of practical clinical importance in recommending salivary cortisol as the best and simplest means to evaluate
patients with suspected CS.
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