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Salivary cortisol determined by enzyme immunoassay is preferable to serum
total cortisol for assessment of dynamic hypothalamic--pituitary--adrenal
axis activity.
Gozansky WS, Lynn JS, Laudenslager ML, Kohrt WM.

Source

Division of Geriatric Medicine, Department of Medicine, University of Colorado at Denver and Health Sciences Center,
Denver, CO 80262, USA. wendee.gozansky@uchsc.edu

Abstract

OBJECTIVE: 
The aim of this study was to determine whether salivary cortisol measured by a simple enzyme immunoassay (EIA) could be
used as a surrogate for serum total cortisol in response to rapid changes and across a wide range of concentrations. 
DESIGN: 
Comparisons of matched salivary and serum samples in response to dynamic hypothalamic-pituitary-adrenal (HPA) axis test-
ing. Subjects Healthy women (n=10; three taking oral oestrogens) and men (n=2), aged 23--65 years, were recruited from the
community. Measurements Paired saliva and serum samples were obtained during three protocols: 10 min of exercise at 90% of
maximal heart rate (n=8), intravenous administration of corticotrophin-releasing hormone (CRH; n=4), and dexamethasone
suppression (n=7). Cortisol was measured in saliva using a commercial high-sensitivity EIA and total cortisol was measured in
serum with a commercial radioimmunoassay (RIA). Results The time course of the salivary cortisol response to both the exer-
cise and CRH tests paralleled that of total serum cortisol. Salivary cortisol demonstrated a significantly greater relative increase
in response to the exercise and CRH stimuli (697+/- 826%vs. 209+/- 150%, P=0.04 saliva vs. serum). A disproportionately
larger increase in free cortisol, compared with total, would be expected when the binding capacity of cortisol-binding globulin
(CBG) is exceeded. In response to dexamethasone suppression, relative decreases in cortisol were not significantly different be-
tween the two media (-47+/- 56%vs.-84+/- 8%, P=0.13 saliva vs. serum). Although a significant linear correlation was found
for all paired salivary and serum total cortisol samples (n=183 pairs, r=0.60, P<0.001), an exponential model provided a better
fit (r=0.81, P<0.001). The linear correlations were strengthened when data from subjects on oral oestrogens (n=52 pairs,
r=0.75, P < 0.001) were separated from those not taking oestrogens (n=131 pairs, r=0.67, P<0.001). 
CONCLUSIONS: 
Salivary cortisol measured with a simple EIA can be used in place of serum total cortisol in physiological research protocols. Ev-
idence that salivary measures represent the biologically active, free fraction of cortisol includes: (1) the greater relative increase
in salivary cortisol in response to tests that raise the absolute cortisol concentration above the saturation point of CBG; (2) the
strong exponential relationship between cortisol assessed in the two media; and (3) the improved linear correlations when sub-
jects known to have increased CBG were analysed separately. Thus, an advantage of measuring salivary cortisol rather than total
serum cortisol is that it eliminates the need to account for within-subject changes or between-subject differences in CBG.
PMID: 16117823
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Diagnosis of secondary adrenal insufficiency in patients with
hypothalamic-pituitary disease: comparison between serum and salivary
cortisol during the high-dose short synacthen test.
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Abstract

OBJECTIVE: 
Accurate assessment of adrenal function is essential in patients with hypothalamic-pituitary-adrenal (HPA) disease. The meas-
urement of salivary cortisol (SaC) instead of serum cortisol (SeC) offers several advantages, such as the determination of the
free hormone. We evaluated the diagnostic value of SeC and SaC both unstimulated and during a high-dose short synacthen
test (HDT) in comparison to the insulin tolerance test (ITT).
DESIGN: 
Comparative study between 2005 and 2007.
METHODS: 
Fifty-five patients with HPA impairment and 21 healthy controls were enrolled. Samples were collected in the early morning
and over 120 min during the HDT. Receiver operating characteristic analysis revealed individual thresholds for four HDT pe-
riods (0-30, 0-60, 0-90, and 0-120 min).
RESULTS: The ITT identified 30 subjects as adrenal insufficient. With respect to the four HDT periods, sensitivity and speci-
ficity were 67-79% and 71-88% for SeC, compared with 63-72% and 72-86% for SaC. If upper and lower thresholds (with
specificities >95%) were applied, patients were diagnosed in 40-45% by SeC and in 25-31% by SaC. The combination of basal
cortisol and HDT allowed a diagnosis in 47-49% (SeC) and in 42-45% (SaC) respectively.
CONCLUSION: We suggest the determination of basal SeC or SaC as first-line test. In comparison to the ITT, the HDT has
only limited value in screening for alterations of the HPA axis. If the HDT is performed, sampling may be limited to 30 min
post-synacthen, using either SeC or SaC. Due to the ease of collection and the independence of binding proteins, SaC may be
preferable.
PMID: 18952762 [PubMed - indexed for MEDLINE]Free Article
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Diagnosis of secondary adrenal insufficiency: unstimulated early morning
cortisol in saliva and serum in comparison with the insulin tolerance test.
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Abstract

Unstimulated early morning cortisol has been suggested as a first line parameter to assess adrenal function in patients with sus-
pected secondary adrenal insufficiency. The measurement of basal salivary cortisol (BSaC) instead of basal serum cortisol
(BSeC) offers some advantages, such as painless sampling and the determination of the free hormone. The objective of this
study was to evaluate the diagnostic value of BSeC and BSaC in comparison to the insulin tolerance test (ITT). Seventy-seven
patients with hypothalamic-pituitary disease and 184 healthy controls were enrolled. ITT were performed in patients, and
BSeC as well as BSaC levels were measured in patients and controls. Upper and lower thresholds (with >or=95% specificity ei-
ther for adrenal sufficiency or adrenal insufficiency) were calculated by ROC analysis both for BSeC and BSaC. The ITT iden-
tified 41 patients as adrenal insufficient and 36 patients as adrenal sufficient. Upper and lower cutoffs were 470 and 103
nmol/l for BSeC, and 21.1 and 5.0 nmol/l for BSaC, respectively. Thereby, basal cortisol allowed a highly specific diagnosis
(i.e., similar to the ITT result) in either 23% (BSeC) or 27% (BSaC) of patients. 
We suggest the determination of unstimulated early morning cortisol as first-line screening method for the diagnosis of second-
ary adrenal insufficiency. If upper and lower cutoffs are used, dynamic testing could be obviated in about one fourth of cases.
Due to its easy and painless collection BSaC may be preferable to BSeC.
PMID: 19585406 [PubMed - indexed for MEDLINE]
Physiol Res. 2008;57 Suppl 1:S193-9. Epub 2008 Feb 13.
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Source

Institute of Endocrinology, Prague, Czech Republic. ksimunkova@endo.cz

Abstract

The objective of this study was to evaluate the influence of low-dose combined oral contraception (COC) on basal and stimu-
lated (1 microg ACTH test) levels of serum and salivary cortisol (F), cortisone and on basal serum cortisol binding globulin
(CBG), adrenocorticotropic hormone (ACTH), dehydroepiadrosterone (DHEA) and calculated free cortisol in healthy young
women. Three-month administration of COC resulted in 1) significant increase of basal (454.0+/-125.0 to 860.9+/-179.7
nmol/l) and ACTH-stimulated serum cortisol in 30th min (652.3+/-60.5 to 1374.1+/-240.6 nmol/l); 2) no significant change
of basal (15.4+/-7.3 to 18.9+/-8.5 nmol/l) and ACTH-stimulated salivary cortisol at the 30th min (32.4+/-8.8 to 32.9+/-9.0
nmol/l); 3) no significant change of basal serum cortisone (38,8+/-7.68 to 45.2+/-24.2 nmol/l) and ACTH-stimulated corti-
sone at the 30th (34.8+/-10.9 to 47.0+/-35.7 nmol/l); 4) significant increase of basal ACTH (17.2+/-9.0 to 38.2+/-29.4 ng/l),
CBG (991.0+/-161.0 to 2332.0+/-428.0 nmol/l), and 5) no significant change of basal DHEA (24.6+/-15.7 to 22.6+/-11.7
micromol/l) and calculated basal value for free cortisol (22.8+/-14.9 to 19.2+/-6.9 nmol/l).
In conclusions, higher basal and ACTH-stimulated serum cortisol were found after three-month administration of COC, while
basal and stimulated salivary cortisol were not significantly affected. Therefore, salivary cortisol can be used for assessment of
adrenal function in women regularly using COC.
PMID: 18271677 [PubMed - indexed for MEDLINE]Free Article
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Abstract

OBJECTIVES: 
Salivary cortisol is unaffected by cortisol binding globulin (CBG) and hence allows CBG-related variations in serum total corti-
sol to be bypassed. We assessed whether or not salivary cortisol can be used for the low-dose (1 microg) ACTH test in subjects
with presumed normal and elevated levels of CBG.
PATIENTS/METHODS: 
We measured serum and salivary cortisol responses to intravenous administration of 1 microg ACTH in 14 healthy volunteers,
14 'hyperoestrogenic' women [in their first or early second trimester of pregnancy, using oral contraceptives (OC) or on hor-
mone replacement therapy (HRT)] and 10 patients with secondary hypoadrenalism. Cortisol levels were recorded before as
well as 30 and 60 min (+30; +60 min) after ACTH administration.
RESULTS: 
Baseline salivary cortisol did not differ significantly between the hypoadrenal and healthy patients (7.11+/-1.4 and 12.13+/-
1.59 nmol/l; P=0.48) but there was a significant difference between hypoadrenal and hyperoestrogenic patients (18.94+/- 3.44
nmol/l; P=0.01). The largest difference between hypoadrenal patients and healthy individuals was observed at+30 min (9.16+/-
2.8, 52.65+/-8.78 and 48.81+/- 6.9 nmol/l, in the hypoadrenal, healthy and hyperoestrogenic patients, respectively; P< 0.05).
At this time-point values< 24.28 nmol/l were found in all hypoadrenal patients and cortisol levels >or= 27.6 nmol/l were found
in 26 out of 28 healthy volunteers. ACTH-stimulated serum cortisol but not salivary cortisol was significantly higher in hyper-
oestrogenic women than in the healthy volunteers at either+30 or+60 min.
CONCLUSIONS: 
The salivary low-dose ACTH test yields results that parallel the response of circulating cortisol to ACTH and may provide an
alternative to the blood test, particularly in situations where increased CBG levels complicate the changes in serum cortisol lev-
els.
PMID: 16430723 [PubMed - indexed for MEDLINE]
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Abstract

To date, a single report has appeared on the use of salivary cortisol for adrenal function testing with a low dose ACTH, al-
though 1 microg has become preferred as a more physiological stimulus than the commonly used 250 microg ACTH test. Our
present study was aimed to obtain physiological data on changes of free salivary cortisol after 1 microg ACTH stimulation.
This approach was compared with the common method based on the changes of total serum cortisol. Intravenous, low-dose
ACTH test was performed in 15 healthy women (aged 22-40 years) with normal body weight, not using hormonal contracep-
tives, in the follicular phase of the menstrual cycle. Blood and saliva for determination of cortisol were collected before ACTH
administration and 30 and 60 min after ACTH administration. Basal concentration of salivary cortisol (mean +/- S.E.M.,
15.9+/-1.96 nmol/l) increased after 1 microg ACTH to 29.1+/-2.01 nmol/l after 30 min, and to 27.4+/-2.15 nmol/l after 60
min. The differences between basal and stimulated values were highly significant (p<0.0001). The values of salivary cortisol dis-
played very little interindividual variability (p<0.04) in contrast to total serum cortisol values (p<0.0001) A comparison of
areas under the curve (AUC) related to initial values indicated significantly higher AUC values for salivary cortisol than for
total serum cortisol (1.89+/-0.88 vs. 1.22+/-0.19, p<0.01). Correlation analysis of serum and salivary cortisol levels showed a
borderline relationship between basal levels (r=0.5183, p=0.0525); correlations after stimulation were not significant. Low-dose
ACTH administration appeared as a sufficient stimulus for increasing salivary cortisol to a range considered as a normal adre-
nal functional reserve.
PMID: 16925461 [PubMed - indexed for MEDLINE]Free Article
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Salivary cortisol--an alternative to serum cortisol determinations in dynamic
function tests.
Aardal-Eriksson E, Karlberg BE, Holm AC.
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Abstract

Salivary cortisol was measured as an alternative to serum cortisol as a marker for adrenocortical function following insulin tol-
erance test, corticotropin-releasing-hormone stimulation and adreno-corticotrophic hormone stimulation. During insulin tol-
erance test and corticotropin-releasing-hormone stimulation adreno-corticotrophic hormone was also measured. The tests were
performed on healthy control subjects as well as on patients under investigation for various disturbances in the hypothalamic-
pituitary-adrenocortical axis (insulin tolerance test: 3 controls on two occasions and 14 patients; corticotropin-releasing-hor-
mone stimulation: 4 controls and 18 patients; adreno-corticotrophic hormone stimulation: 6 controls and 10 patients). Five
patients underwent both insulin tolerance test and corticotropin-releasing-hormone stimulation. Using criteria for adequate
cortisol response in serum, the patients were classified as good or poor responders. In 42 of the 45 tests performed the same
conclusion as to cortisol status was drawn when based on serum and salivary cortisol responses. In healthy subjects and good
responders the mean cortisol relative increase was greater in saliva than in serum in all three tests (p < 0.05). Characteristic of
the results for the insulin tolerance test was a significant initial mean decrease (p < 0.05), not found in serum, and the highest
observed salivary cortisol value was delayed for at least 30 minutes compared to that in serum. Plasma adreno-corticotrophic
hormone correlated significantly with the cortisol concentrations determined 15 minutes later in serum (r = 0.54-0.64) and in
saliva (r = 0.76-0.85).
The more pronounced cortisol response in saliva than in serum and its closer correlation with adreno-corticotrophic hormone
offer advantages over serum cortisol, suggesting salivary cortisol measurement may be used as an alternative parameter in dy-
namic endocrine test.
PMID: 9638346
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Salivary cortisol for assessment of hypothalamic-pituitary-adrenal axis
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Abstract
OBJECTIVE: 
Cortisol is an important hormone/steroid in the regulation of intermediate metabolism and stress. It exists in free (unbound)
and protein-bound forms in serum but only in a free form in saliva. The free form is the biologically active one. There is an ad-
vanced biofeedback system regulating the cortisol secretion/concentration by the hypothalamic-pituitary-adrenal axis.
METHODS: 
There are many different methods to collect saliva, either directly from the mouth as an expectorate or indirectly by using
swabs, capillary tubes or paper foams. The swab may be cotton-based, synthetic, with or without a plastic sheath. There are dif-
ferent methods for analysis - immunological, radioisotopic, mass fragmentographic and chromatographic.
RESULTS: 
The diurnal variation in salivary cortisol concentrations in healthy school-aged boys and girls are described and show depend-
ence to different degrees of age and sex.
CONCLUSION: 
Sampling for salivary cortisol determination is a sensitive, specific and pain-free procedure and it is therefore very useful for fol-
lowing healthy and sick children before, during and after pharmacological interventions. Different conditions as time for sam-
pling, interaction with other endogenous and exogenous steroids, and physical and psychological activity interact with the
salivary cortisol concentration.
Copyright 2009 S. Karger AG, Basel.
PMID: 19571589 [PubMed - indexed for MEDLINE]
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Short Reports: Morning salivary cortisol versus short Synacthen test as a test
of adrenal suppression
Rajan S Patel, Steve R Shaw, Halena E McIntyre, Gerald W McGarry and A Michael Wallace 

Source

Department of Otolaryngology, North Glasgow Hospitals University, NHS Trust, Glasgow, UK 

BACKGROUND: 
The short Synacthen test (SST) is the most commonly used test for the assessment of adrenal suppression. We investigated the
potential of a simpler and more cost-effective procedure [morning salivary cortisol (MSC)] as an outpatient screening tool to
detect adrenal suppression in patients using topical intranasal corticosteroids for rhinosinusitis. 
METHOD:
Forty-eight patients who were using topical corticosteroids underwent adrenal function assessment by way of SST and MSC
measurement. 
RESULTS: 
Sixteen of the 48 patients had impaired MSCs. Of these 16 patients, 15 had an impaired SST (sensitivity 100%) and one had a
normal SST. All patients with normal MSCs also had normal SSTs (specificity 97%). 
CONCLUSION: 
The morning salivary cortisol measurement is a useful screening tool for adrenal suppression in this setting. 
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Abstract
CONTEXT: 
Activation of the hypothalamic-pituitary-adrenal (HPA) axis represents one of several important responses to stressful events
and critical illnesses. Despite a large volume of published data, several controversies continue to be debated, such as the defini-
tion of normal adrenal response, the concept of relative adrenal insufficiency, and the use of glucocorticoids in the setting of
critical illness.
OBJECTIVES: 
The primary objective was to review some of the modulating factors and limitations of currently used methods of assessing
HPA function during critical illness and provide alternative approaches in that setting.
DESIGN: 
This was a critical review of relevant data from the literature with inclusion of previously published as well as unpublished ob-
servations by the author. Data on HPA function during three different forms of critical illnesses were reviewed: experimental
endotoxemia in healthy volunteers, the response to major surgical procedures in patients with normal HPA, and the sponta-
neous acute to subacute critical illnesses observed in patients treated in intensive care units.
SETTING: 
The study was conducted at an academic medical center.
PATIENTS/PARTICIPANTS:
Participants were critically ill subjects. Intervention: There was no intervention.
MAIN OUTCOME MEASURE: 
The main measure was to provide data on the superiority of measuring serum free cortisol during critical illness as contrasted to
those of total cortisol measurements.
RESULTS: 
Serum free cortisol measurement is the most reliable method to assess adrenal function in critically ill, hypoproteinemic pa-
tients. A random serum free cortisol is expected to be 1.8 microg/dl or more in most critically ill patients, irrespective of their
serum binding proteins. Because the free cortisol assay is not currently available for routine clinical use, alternative approaches
to estimate serum free cortisol can be used. These include calculated free cortisol (Coolens' method) and determining the free
cortisol index (ratio of serum cortisol to transcortin concentrations). Preliminary data suggest that salivary cortisol measure-
ments might be another alternative approach to estimating the free cortisol in the circulation. When serum binding proteins
(albumin, transcortin) are near normal, measurements of total serum cortisol continue to provide reliable assessment of adrenal
function in critically ill patients, in whom a random serum total cortisol would be expected to be 15 microg/dl or more in
most patients. In hypoproteinemic critically ill subjects, a random serum total cortisol level is expected to be 9.5 microg/dl or
more in most patients. Data on Cosyntropin-stimulated serum total and free cortisol levels should be interpreted with the un-
derstanding that the responses in critically ill subjects are higher than those of healthy ambulatory volunteers. The Cosyn-
tropin-induced increment in serum total cortisol should not be used as a criterion for defining adrenal function, especially in
critically ill patients.
CONCLUSIONS: 
The routine use of glucocorticoids during critical illness is not justified except in patients in whom adrenal insufficiency was
properly diagnosed or others who are hypotensive, septic, and unresponsive to standard therapy. When glucocorticoids are
used, hydrocortisone should be the drug of choice and should be given at the lowest dose and for the shortest duration possi-
ble. The hydrocortisone dose (50 mg every 6 h) that is mistakenly labeled as low-dose hydrocortisone leads to excessive eleva-
tion in serum cortisol to values severalfold greater than those achieved in patients with documented normal adrenal function.
The latter data should call into question the current practice of using such doses of hydrocortisone even in the adrenally insuf-
ficient subjects.
PMID: 16882746 [PubMed - indexed for MEDLINE]
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Utility of salivary cortisol measurements in Cushing's syndrome and adrenal
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Abstract
CONTEXT:
The measurement of cortisol in saliva is a simple, reproducible, and reliable test to evaluate the normal and disordered control
of the hypothalamic-pituitary-adrenal (HPA) axis. There are a variety of simple methods to obtain saliva samples without stress,
making this a robust test applicable to many different experimental and clinical situations.
EVIDENCE ACQUISITION: 
Ovid Medline and PubMed from 1950 to present were searched using the following strategies: [<saliva or salivary>and<cortisol
or hydrocortisone>and<Cushing or Cushing's>] and [<saliva or salivary>and<cortisol or hydrocortisone>and<adrenal insuffi-
ciency or hypoadrenalism or hypopituitarism or Addison's disease>]. The bibliographies of all relevant citations were evaluated
for any additional appropriate citations.
EVIDENCE SYNTHESIS: 
Measurement of an elevated late-night (2300 to 2400 h) salivary cortisol has a greater than 90% sensitivity and specificity for
the diagnosis of endogenous Cushing's syndrome. Late-night salivary cortisol measurements are also useful to monitor patients
for remission and/or recurrence after pituitary surgery for Cushing's disease. Because it is a surrogate for plasma free cortisol,
the measurement of salivary cortisol may be useful during an ACTH stimulation test in patients with increased plasma binding
protein concentrations due to increased estrogen, or decreased plasma binding protein concentrations during critical illness.
Most reference laboratories now offer salivary cortisol testing.
CONCLUSIONS: 
It is expected that the use of the measurement of salivary cortisol will become routine in the evaluation of patients with disor-
ders of the HPA axis.
PMID: 19602555 [PubMed - indexed for MEDLINE]

Psychoneuroendocrinology. 2005 Jan;30(1):51-7.

The diurnal patterns of the adrenal steroids cortisol and
dehydroepiandrosterone (DHEA) in relation to awakening.
Hucklebridge F, Hussain T, Evans P, Clow A.

Source

Psychophysiology and Stress Research Group, Department of Human and Health Sciences, University of Westminster, 115
New Cavendish Street, London W1W 6UW, UK. hucklef@wmin.ac.uk

Abstract
The steroid hormones, cortisol and dehydroepiandrosterone (DHEA) are the two main peripheral secretory products of the hy-
pothalamic-pituitary-adrenal stress-neuroendocrine axis. The diurnal pattern of cortisol secretory activity has been well charac-
terised. Various aspects of this pattern have been related to time of awakening, light exposure, psychological dimensions of
affect, immune function and systemic health and well-being. DHEA is also an important adrenocortical steroid whose secre-
tory activity has been related to immune function, psychological and health variables. The most pronounced feature of the di-
urnal cortisol cycle is a burst of secretory activity following awakening with a diurnal decline thereafter. We mapped DHEA
secretory activity onto this cycle by measuring both steroids in saliva samples collected at distinct time points over the diurnal
cycle, synchronised to awakening. Both steroids, particularly DHEA, showed stability across days of sample collection. A main
distinction between cortisol and DHEA was that although DHEA was elevated in post-awakening samples compared with later
in the day there was no evidence of an awakening stimulatory burst of DHEA secretory activity. Although DHEA in many re-
spects paralleled cortisol secretory activity there was some dissociation; mean levels were positively but not tightly correlated.
The secretory pattern of DHEA is very stable whereas cortisol secretory activity seems more sensitive to day-to-day variability.
PMID: 15358442 [PubMed - indexed for MEDLINE]
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Salivary cortisol response to awakening in chronic fatigue syndrome.
Roberts AD, Wessely S, Chalder T, Papadopoulos A, Cleare AJ.
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Section of General Hospital Psychiatry, Division of Psychological Medicine, Guy's, King's and St Thomas' School of Medi-
cine and Dentistry, London, UK.

Abstract
BACKGROUND: 
There is accumulating evidence of hypothalamic-pituitary-adrenal (HPA) axis disturbances in chronic fatigue syndrome (CFS).
The salivary cortisol response to awakening has been described recently as a non-invasive test of the capacity of the HPA axis to
respond to stress. The results of this test correlate closely with those of more invasive dynamic tests reported in the literature;
furthermore, it can be undertaken in a naturalistic setting.
AIMS: 
To assess the HPA axis using the salivary cortisol response to awakening in CFS.
METHOD: 
We measured salivary cortisol upon awakening and 10, 20, 30 and 60 min afterwards in 56 patients with CFS and 35 healthy
volunteers.
RESULTS: 
Patients had a lower cortisol response to awakening, measured by the area under the curve.
CONCLUSIONS: 
This naturalistic test of the HPA axis response to stress showed impaired HPA axis function in CFS.
PMID: 14754825 [PubMed - indexed for MEDLINE]

Int J Psychophysiol. 2009 Apr;72(1):67-73. Epub 2008 Sep 30.

The cortisol awakening response (CAR): facts and future directions.
Fries E, Dettenborn L, Kirschbaum C.

Source

Technische Universität Dresden, Faculty of Science, Department of Psychology, Dresden, Germany.

Abstract
In humans, the secretion of cortisol from the adrenal glands follows a diurnal cycle with a profound increase after awakening.
This increase after awakening, a phenomenon termed the cortisol awakening response (CAR), appears to be a distinct feature
of the hypothalamus-pituitary-adrenal (HPA) axis, superimposing the circadian rhythmicity of cortisol secretion. Several stud-
ies point towards an important role of the hippocampus and, additionally, other brain structures (e. g. amygdala, prefrontal
cortex, suprachiasmatic nucleus) in the regulation of the CAR. There is increasing knowledge that the CAR is influenced by a
variety of factors such as gender, health status, and health behavior or stress perception. However, the exact function of the pro-
found cortisol increase after awakening is still not clarified. We hypothesize that the anticipation of the upcoming day is of
major relevance for the magnitude of the CAR. The present paper reviews the current knowledge on the neural regulation of
the CAR and factors influencing this phenomenon and considerations are addressed concerning the exact function of the CAR.
PMID: 18854200 [PubMed - indexed for MEDLINE]
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Abstract
In most healthy people morning awakening is associated with a burst of cortisol secretion: the cortisol awakening response
(CAR). It is argued that the CAR is subject to a range physiological regulatory influences that facilitate this rapid increase in
cortisol secretion. Evidence is presented for reduced adrenal sensitivity to rising levels of ACTH in the pre-awakening period,
mediated by an extra-pituitary pathway to the adrenal from the suprachiasmatic nucleus (SCN). A role for the hippocampus in
this pre-awakening regulation of cortisol secretion is considered. Attainment of consciousness is associated with 'flip-flop'
switching of regional brain activation, which, it is argued, initiates a combination of processes: (1) activation of the hypothala-
mic pituitary adrenal (HPA) axis; (2) release of pre-awakening reduced adrenal sensitivity to ACTH; (3) increased post-awak-
ening adrenal sensitivity to ACTH in response to light, mediated by a SCN extra-pituitary pathway. An association between
the CAR and the ending of sleep inertia is discussed.
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Absence of a normal cortisol awakening response (CAR) in adolescent males
with Asperger syndrome (AS).
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Abstract
In addition to abnormalities in social and communication development, a 'need for sameness' and 'resistance to change' are
features of autistic spectrum disorders first identified by Kanner in 1943. Our ability to react to change is modulated by the hy-
pothalamic-pituitary-adrenal (HPA) axis, a feature of which is a dramatic increase in cortisol upon waking, the Cortisol Awak-
ening Response (CAR). This study examined whether the CAR was evident in 20 adolescent males with Asperger Syndrome
(AS) and 18 age-matched typically developing (TD) controls (aged 11-16). Whilst a significant CAR was evidenced in the TD
control group, this was not the case for those with AS. A normal diurnal decrease in cortisol, however, was evident in both
groups. The implication that individuals with AS may have an impaired response to change in their environment due to a re-
fractory HPA axis is discussed.
PMID: 19304400 [PubMed - indexed for MEDLINE]
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Abstract
PURPOSE: 
The primary objective of this study was to examine the changes of basal cortisol and DHEA levels present in saliva and serum
with age, and to determine the correlation coefficients of steroid concentrations between saliva and serum. The secondary ob-
jective was to obtain a standard diurnal rhythm of salivary cortisol and DHEA in the Korean population.
MATERIALS AND METHODS: 
For the first objective, saliva and blood samples were collected between 10 and 11 AM from 359 volunteers ranging from 21 to
69 years old (167 men and 192 women). For the second objective, four saliva samples (post-awakening, 11 AM, 4 PM, and
bedtime) were collected throughout a day from 78 volunteers (42 women and 36 men) ranging from 20 to 40 years old. Corti-
sol and DHEA levels were measured using a radioimmunoassay (RIA).
RESULTS: 
The morning cortisol and DHEA levels, and the age- related steroid decline patterns were similar in both genders. Serum corti-
sol levels significantly decreased around forty years of age (p < 0.001, when compared with people in their 20s), and linear re-
gression analysis with age showed a significant declining pattern (slope=-2.29, t=-4.297, p < 0.001). However, salivary cortisol
levels did not change significantly with age, but showed a tendency towards decline (slope=-0.0078, t=-0.389, p=0.697). The
relative cortisol ratio of serum to saliva was 3.4-4.5% and the ratio increased with age (slope=0.051, t=3.61, p < 0.001). DHEA
levels also declined with age in saliva (slope=-0.007, t=-3.76, p < 0.001) and serum (slope=-0.197 t=-4.88, p < 0.001). In par-
ticular, DHEA levels in saliva and serum did not start to significantly decrease until ages in the 40s, but then decreased signifi-
cantly further at ages in the 50s (p < 0.001, when compared with the 40s age group) and 60s (p < 0.001, when compared with
the 50 age group). The relative DHEA ratio of serum to saliva was similar throughout the ages examined (slop=0.0016,
t=0.344, p=0.73). On the other hand, cortisol and DHEA levels in saliva reflected well those in serum (r=0.59 and 0.86, re-
spectively, p < 0.001). The highest salivary cortisol levels appeared just after awakening (about two fold higher than the 11 AM
level), decreased throughout the day, and reached the lowest levels at bedtime (p < 0.001, when compared with PM cortisol
levels). The highest salivary DHEA levels also appeared after awakening (about 1.5 fold higher than the 11 AM level) and de-
creased by 11 AM (p < 0.001). DHEA levels did not decrease further until bedtime (p=0.11, when compared with PM DHEA
levels).
CONCLUSION: 
This study showed that cortisol and DHEA levels change with age and that the negative slope of DHEA was steeper than that
of cortisol in saliva and serum. As the cortisol and DHEA levels in saliva reflected those in serum, the measurement of steroid
levels in saliva provide a useful and practical tool to evaluate adrenal functions, which are essential for clinical diagnosis.
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