Saliva Cortisol Testing

· Saliva testing useful for diagnosing adrenal insufficiency—AM  level 0.15mcg/dL vs 0.67mcg/dL in controls. (Restituto 2008)
· Saliva cortisol is preferable to serum cortisol as it is a better measure of free cortisol in the serum (Gozansky 2005, Laudat 1988, Vining 1983)
· Nasal steroid can produce adrenal suppression as shown by saliva cortisol testing (Patel 2001)

· AM basal saliva cortisols in several studies of healthy volunteers suggest a reference range of 0.3 to 0.9mcg/dL. Known hypoadrenal patients had average AM basal cortisols of 0.26mcg/dL  in one study and 0.18mcg/dL in another (Deutschbein 2009). AM saliva cortisols in Addison’s disease patients were 0.15mcg/dL+/-0.25 (0.0-0.4mcg/dL) (Restituto 2008)
Ahn RS, Lee YJ, Choi JY, Kwon HB, Chun SI. Salivary cortisol and DHEA levels in the Korean population: age-related differences, diurnal rhythm, and correlations with serum levels. Yonsei Med J. 2007 Jun 30;48(3):379-88.

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 objective 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. Cortisol 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 cortisol levels significantly decreased around forty years of age (p < 0.001, when compared with people in their 20s), and linear regression 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 particular, DHEA levels in saliva and serum did not start to significantly decrease until ages in the 40s, but then decreased significantly 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, respectively, 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 decreased 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.

Arafah BM, Nishiyama FJ, Tlaygeh H, Hejal R.  Measurement of salivary cortisol concentration in the assessment of adrenal function in critically ill subjects: a surrogate marker of the circulating free cortisol. J Clin Endocrinol Metab. 2007 Aug;92(8):2965-71. 

METHODS: Baseline and cosyntropin-stimulated serum (total and free) and salivary cortisol concentrations were measured, in the early afternoon, in 51 critically ill patients and healthy subjects. Patients were stratified according to their serum albumin at the time of testing: those whose serum albumin levels were 2.5 gm/dl or less vs. others whose levels were greater than 2.5 gm/dl. RESULTS: Baseline and cosyntropin-stimulated serum free cortisol levels were similar in the two groups of critically ill patients and were severalfold higher (P < 0.001) than those of healthy subjects. Similarly, baseline and cosyntropin-stimulated salivary cortisol concentrations were equally elevated in the two critically ill patient groups and were severalfold higher (P < 0.001) than those of healthy subjects. Salivary cortisol concentrations correlated well with the measured serum free cortisol levels. CONCLUSIONS: Salivary cortisol measurements are simple to obtain, easy to measure in most laboratories, and provide an indirect yet reliable and practical assessment of the serum free cortisol concentrations during critical illnesses. The concentrations of the two measures of unbound cortisol determined in two different body fluids correlated very well, regardless of the serum protein concentrations. Measurements of salivary cortisol can serve as a surrogate marker for the free cortisol in the circulation.

Cetinkaya S, Ozon A, Yordam N. Diagnostic value of salivary cortisol in children with abnormal adrenal cortex functions. Horm Res. 2007;67(6):301-6. 

AIMS: It has been shown that the free cortisol level in saliva may reflect plasma free cortisol. The measurement of cortisol in saliva is a simple method, and as such it is important in the pediatric age group. In this research, the diagnostic value of measurement of salivary cortisol (SC) measurement was examined in adrenal insufficiency (AI). METHODS: Fifty-one patients, mean age 10.8 +/- 4.29, who were investigated for possible AI, were included. Basal cortisol levels were below 18 microg/dl. Adrenal function was determined by low-dose ACTH test. During the test, samples for SC were obtained simultaneously with serum samples (at 0-10-20-30-40 min). RESULTS: Mean basal serum cortisol level was 8.21 +/- 4.10 microg/dl (mean +/- SD). Basal SC was correlated to basal serum cortisol (r = 0.64, p < 0.001). A cut-off of 0.94 microg/dl for SC differentiated adrenal insufficient subjects from normals with a sensitivity and specificity of 80 and 77%, respectively. A peak SC less than 0.62 microg/dl defined AI with a specificity of 100%; however, sensitivity was 44%. CONCLUSION: Measurement of SC may be used in the evaluation of AI. It is well-correlated to serum cortisol. Peak SC in low-dose ACTH test can be used to differentiate patients with AI in the initial evaluation of individuals with suspected AI. PMID: 17337901

Contreras LN, Arregger AL, Persi GG, Gonzalez NS, Cardoso EM.  A new less-invasive and more informative low-dose ACTH test: salivary steroids in response to intramuscular corticotrophin. Clin Endocrinol (Oxf). 2004 Dec;61(6):675-82.

OBJECTIVE: The intravenous low-dose ACTH test has been proposed as a sensitive tool to assess adrenal function through circulating steroids. The aims of this study were to: (a) find the minimal intramuscular ACTH dose that induced serum and salivary cortisol and aldosterone responses equivalent to those obtained after a pharmacological dose of ACTH; and (b) define the minimum normal salivary cortisol and aldosterone responses in healthy subjects to that dose of ACTH. We also compared the performances of the standard- and low-dose ACTH intramuscular tests to screen patients with known hypothalamo-pituitary-adrenal impairments. DESIGN: Rapid ACTH tests were performed in individuals using various intramuscular doses (12.5, 25 and 250 microg) at 2-week intervals. SUBJECTS: Twenty-one healthy volunteers and 19 patients with primary (nine cases) and secondary (10 cases) adrenal insufficiency. MEASUREMENT: Serum and salivary cortisol and aldosterone concentrations were measured at baseline and after ACTH. Serum cortisol > or = 552.0 nmol/l and aldosterone > or = 555.0 pmol/l concentrations at 30 min after 250 microg of ACTH were defined as normal responses. RESULTS: In healthy volunteers cortisol and aldosterone responded to ACTH in a dose-dependent manner. The time to peak in saliva for each steroid was delayed as the dose of ACTH increased. The minimum ACTH dose that produced equivalent steroid responses at 30 min to 250 microg of ACTH (standard-dose test; SDT) was 25 microg (low-dose test; LDT). Saliva collection 30 min after LDT and SDT showed cortisol and aldosterone concentrations of at least 20.0 nmol/l and 100.0 pmol/l, respectively. These values were defined as normal steroid responses. Blunted salivary steroid responses to LDT and SDT were found in all patients with primary adrenal insufficiency. Subnormal salivary cortisol levels in response to LDT and SDT were found in all patients with secondary adrenal insufficiency. In five patients full recovery of adrenal function was demonstrated by both tests after steroid withdrawal. In the follow-up of four patients studied during the recovery period, subnormal SAF response after LDT and normal after SDT was demonstrated. Preservation of the adrenal glomerulosa was found in all the patients with secondary adrenal insufficiency through the normal rise in salivary aldosterone after both LDT and SDT. CONCLUSIONS: Adrenal function can be accurately investigated with simultaneous measurements of salivary cortisol and aldosterone in response to 25 microg of corticotrophin injected into the deltoid muscle. Our data suggest that this may become a useful and relatively noninvasive clinical tool to detect subclinical hypoadrenal states.

Deutschbein T, Unger N, Mann K, Petersenn S. Diagnosis of Secondary Adrenal Insufficiency: Unstimulated Early Morning Cortisol in Saliva and Serum in Comparison with the Insulin Tolerance Test. Horm Metab Res. 2009 Nov;41(11):834-9.
Unstimulated early morning cortisol has been suggested as a first line parameter to assess adrenal function in patients with suspected 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 >/=95% specificity either for adrenal sufficiency or adrenal insufficiency) were calculated by ROC analysis both for BSeC and BSaC. The ITT identified 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 (0.76mcg/dL and 0.181mcg/dL—HHL) 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 secondary 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
Deutschbein T, Broecker-Preuss M, Flitsch J, Jaeger A, Althoff R, Walz MK, Mann K, Petersenn Salivary Cortisol as a Diagnostic Tool for Cushing's Syndrome and Adrenal Insufficiency: Improved Screening by an Automatic Immunoassay. S.Eur J Endocrinol. 2012 Jan 3. 

Background: Salivary cortisol is increasingly used to assess patients with suspected hypo- and hypercortisolism. This study established disease-specific reference ranges for an automated electrochemiluminescence immunoassay (ECLIA).Methods: Unstimulated saliva from 62 patients with hypothalamic-pituitary disease was collected at 8 am. A peak serum cortisol level below 500 nmol/l during the insulin tolerance test (ITT) was used to identify hypocortisolism. Receiver operating characteristics (ROC) analysis allowed establishment of lower and upper cutoffs with at least 95% specificity for adrenal insufficiency and adrenal sufficiency. Besides, saliva from 40 patients with confirmed hypercortisolism, 45 patients with various adrenal masses and 115 healthy subjects was sampled at 11 pm and after low-dose dexamethasone suppression at 8 am. ROC analysis was used to calculate thresholds with at least 95% sensitivity for hypercortisolism. Salivary cortisol was measured with an automated ECLIA (Roche, Mannheim, Germany).Results: When screening for secondary adrenal insufficiency, a lower cutoff of 3.2 nmol/l (0.12mcg/dL: below this 95% certain of AI-HHL) and an upper cutoff of 13.2 nmol/l (0.48mcg/dL; above this 95% certain not AI-HHL) for unstimulated salivary cortisol allowed a highly specific diagnosis (i.e. similar to the ITT result) in 26% of patients. For identification of hypercotisolism, cutoffs of 6.1 nmol/l (sensitivity 95%, specificity 91%, AUC 0.97) and 2.0 nmol/l (sensitivity 97%, specificity 86%, AUC 0.97) were established for salivary cortisol at 11 pm and for dexamethasone-suppressed salivary cortisol at 8 am.Conclusions: The newly established thresholds facilitated initial screening for secondary adrenal insufficiency and allowed excellent identification of hypercortisolism. Measurement by an automated immunoassay will allow broader use of salivary cortisol as a diagnostic tool. PMID: 22214924

Doi M, Sekizawa N, Tani Y, Tsuchiya K, Kouyama R, Tateno T, Izumiyama H, Yoshimoto T, Hirata Y. Late-night Salivary Cortisol as a Screening Test for the Diagnosis of Cushing's Syndrome in Japan. Endocr J. 2008 Jan 17 [Epub ahead of print]

Measurement of late-night and/or midnight salivary cortisol currently used in US and European countries is a simple and convenient screening test for the initial diagnosis of Cushing's syndrome (CS). Unfortunately, this test has not been widely used in Japan. The purpose of this study was to evaluate the usefulness of the measurement of late-night salivary cortisol as a screening test for the diagnosis of CS in Japan. We studied 27 patients with various causes of CS, consisting of ACTH-dependent Cushing's disease (5) and ectopic ACTH syndrome (4) and ACTH-independent adrenal CS (11) and subclinical CS (7). Eleven patients with type 2 diabetes and obesity and 16 normal subjects served as control group. Saliva samples were collected at late-night (23:00) in a commercially available device and assayed for cortisol by radioimmunoassay. There were highly significant correlations (P<0.0001) between late-night serum and salivary cortisol levels in normal subjects (r=0.861) and in patients with CS (r=0.788). Late-night salivary cortisol levels in CS patients (0.975+/-1.56 mug/dl) were significantly higher than those in normal subjects (0.124+/-0.031 mug/dl) and in obese diabetic patients (0.146+/-0.043 mug/dl), respectively. Twenty-five out of 27 CS patients had late-night salivary cortisol concentrations greater than 0.21 mug/dl, whereas those in control group were less than 0.21 mug/dl. Receiver operating characteristic curve (ROC) analysis showed that the cut-off point of 0.21 mug/dl provides a sensitivity of 93% and a specificity of 100%. Therefore, it is concluded that the measurement of late-night salivary cortisol is an easy and reliable noninvasive screening test for the initial diagnosis of CS, especially useful for large high-risk populations, such as diabetes and obesity.

Dorn LD, Lucke JF, Loucks TL, Berga SL. Salivary cortisol reflects serum cortisol: analysis of circadian profiles. Ann Clin Biochem. 2007 May;44(Pt 3):281-4.

BACKGROUND: Technical hurdles limit the characterization of key hormonal rhythms. Frequent sampling increases detection of changes in magnitude or circadian and ultradian patterns, but limits feasibility for clinical or research settings. These caveats are particularly pertinent for cortisol, a hormone that displays a prominent circadian rhythm and whose magnitude is tightly regulated in the absence of biobehavioural challenge. Ideally, one would like to obtain samples non-invasively from a matrix of interest at frequent intervals. While many investigations have reported a high correlation between serum and salivary cortisol assays, the degree to which salivary cortisol reflects the circadian patterns of circulating cortisol concentrations has not been established across a 24 h period. METHODS: We obtained hourly serum and salivary samples over a 24 h period in nine adults in an inpatient setting. The circadian patterns for serum and salivary cortisol were analysed by harmonic regression. RESULTS: For all but two subjects (both on oral contraceptives), the salivary cortisol concentration was synchronous with the serum concentration, indicating that the salivary assay could be substituted for the serum assay to assess circulating rhythmicity across the 24 h time frame. CONCLUSIONS: This statistical model has distinct improvement over the correlational approach of examining serum and saliva cortisol relationships. Saliva cortisol appears to represent serum cortisol across the 24 h period, except for those on oral contraceptives. (It was more accurate for those on BCPs as serum cortisol is spuriously elevated by high CBG levels-HHL)

Gozansky WS, Lynn JS, Laudenslager ML, Kohrt WM. Salivary cortisol determined by enzyme immunoassay is preferable to serum total cortisol for assessment of dynamic hypothalamic--pituitary--adrenal axis activity. Clin Endocrinol (Oxf). 2005 Sep;63(3):336-41. 


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 testing. 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 exercise 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 between 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. Evidence 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 subjects 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.

Granger DA, Cicchetti D, Rogosch FA, Hibel LC, Teisl M, Flores E. Blood contamination in children's saliva: prevalence, stability, and impact on the measurement of salivary cortisol, testosterone, and dehydroepiandrosterone. Psychoneuroendocrinology. 2007 Jul;32(6):724-33. Epub 2007 Jun 20.


The prevalence, stability, and impact of blood contamination in children's saliva on the measurement of three of the most commonly assayed hormones were examined. Participants were 363 children (47% boys; ages 6-13 years) from economically disadvantaged families who donated saliva samples on 2 days in the morning, midday, and late afternoon. Samples (n=2178) were later assayed for cortisol (C), testosterone (T), and dehydroepiandrosterone (DHEA). To index the presence of blood (and its components) in saliva, samples were assayed for transferrin. Transferrin levels averaged 0.37 mg/dl (SD=0.46, range 0.0-5.5, Mode=0), and were: (1) highly associated within individuals across hours and days, (2) positively correlated with age, (3) higher for boys than girls, (4) higher in PM than AM samples, and (5) the highest (>1.0 mg/dl) levels were rarely observed in samples donated from the same individuals. Transferrin levels were associated with salivary DHEA and C, but less so for T. As expected, the relationships were positive, and explained only a small portion of the variance. Less than 1% of the statistical outliers (+2.5 SDs) in salivary hormone distributions had correspondingly high transferrin levels. We conclude that blood contamination in children's saliva samples is rare, and its effects on the measurement of salivary hormones is small. Guidelines and recommendations are provided to steer investigators clear of this potential problem in special circumstances and populations.

Jollin L, Thomasson R, Le Panse B, Baillot A, Vibarel-Rebot N, Lecoq AM, Amiot V, De Ceaurriz J, Collomp K. Saliva DHEA and cortisol responses following short-term corticosteroid intake. Eur J Clin Invest. 2010 Feb;40(2):183-6. 

BACKGROUND: Given the high correlation between the serum and saliva hormone values demonstrated at rest, saliva provides a convenient non-invasive way to determine dehydroepiandrosterone (DHEA) and cortisol concentrations. However, to our knowledge, pituitary adrenal recovery following short-term suppression with corticosteroids has never been investigated in saliva. The aim of this study was therefore to examine how steroid hormone concentrations in saliva are influenced by short-term corticosteroid administration. MATERIALS AND METHODS: We studied saliva DHEA and cortisol concentrations before, during (day 1-day 7) and following (day 8-day 16) the administration of oral therapeutic doses of prednisone (50 mg daily for 1 week) in 11 healthy recreationally trained women. RESULTS: Mean saliva DHEA and cortisol concentrations decreased immediately after the start of prednisone treatment (P < 0.05). Three days after concluding prednisone administration, both saliva DHEA and cortisol had returned to pretreatment levels. CONCLUSIONS: These data are consistent with previous studies on blood samples and suggest that non-invasive saliva samples may offer a practical approach to assessing pituitary-adrenal function continuously during and after short-term corticosteroid therapy. PMID: 19874391

Laudat MH, Cerdas S, Fournier C, Guiban D, Guilhaume B, Luton JP. Salivary cortisol measurement: a practical approach to assess pituitary-adrenal function. J Clin Endocrinol Metab. 1988 Feb;66(2):343-8.

The salivary cortisol concentration is an excellent indicator of the plasma free cortisol concentration. To establish its normal and pathological ranges, salivary cortisol concentrations were measured in 101 normal adults, 18 patients with Cushing's syndrome, and 21 patients with adrenal insufficiency. The normal subjects had a mean (+/- SEM) salivary cortisol concentration of 15.5 +/- 0.8 nmol/L (0.56mcg/dL-HHL) (range, 10.2-27.3at 0800 h and 3.9 +/- 0.2 nmol/L (range, 2.2-4.1)(0.14mcg/dL-HHL) at 2000 h (n = 20). The mean value 60 min after ACTH administration in 58 normal subjects was 52.2 +/- 2.2 nmol/L (1.86mcg/dL-HHL) (range, 23.5-99.4), and it was 1.4 +/- 1.1 nmol/L (range, 1.6-3) at 0800 h in 23 normal subjects given 1 mg dexamethasone 8 h earlier. In patients with primary or secondary adrenal insufficiency (n = 21) the mean salivary cortisol level was 7.5 +/- 0.4 nmol/L (range, 1.9-21.8) 60 min after ACTH. In patients with Cushing's syndrome (n = 7), the mean value after the 1-mg dexamethasone suppression test was 16.1 +/- 7.8 nmol/L (range, 5.8-66.8). No overlap was found between the values in the normal subjects and those in the patients during the dynamic tests. Discrepancies between salivary and total plasma cortisol were found in 8 patients with adrenal insufficiency, which may be explained by the effects of drugs such as thyroid hormones, Op'-dichlorodiphenyldichloroethane, and psychotropic agents. We conclude that salivary cortisol measurements are an excellent index of plasma free cortisol concentrations. They circumvent the physiological, pathological, and pharmacological changes due to corticosteroid-binding globulin alterations and offer a practical approach to assess pituitary-adrenal function.

Løvås K, Husebye ES. [Salivary cortisol in adrenal diseases] Tidsskr Nor Laegeforen. 2007 Mar 15;127(6):730-2.

BACKGROUND: Salivary cortisol reflects the free and biologically active fraction of cortisol in serum. We evaluated the usefulness of salivary cortisol measurements in the assessment of Cushing's syndrome and adrenal insufficiency. METHODS: Publications about salivary cortisol were found in PubMed (search terms: salivary cortisol and Cushing's syndrome or adrenal insufficiency). Salivary cortisol was measured at nighttime (between 10 pm and midnight) in parallel with conventional diagnostic procedures in patients evaluated for Cushing's syndrome at Haukeland University Hospital. Cortisol was analysed in saliva and serum for patients evaluated for adrenal insufficiency by Synacthen testing. RESULTS: Nighttime saliva cortisol has similar sensitivity and specificity for Cushing's syndrome as other screening methods. INTERPRETATION: The method is simple and we recommend saliva cortisol as a first line screening method for Cushing's syndrome. The method may simplify and improve the assessment of adrenal insufficiency.

Marcus-Perlman Y, Tordjman K, Greenman Y, Limor R, Shenkerman G, Osher E, Stern N. Low-dose ACTH (1 microg) salivary test: a potential alternative to the classical blood test.Clin Endocrinol (Oxf). 2006 Feb;64(2):215-8.    

OBJECTIVES: Salivary cortisol is unaffected by cortisol binding globulin (CBG) and hence allows CBG-related variations in serum total cortisol 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 hormone 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) (0.26mcg/dL and 0.44mcg/dL- I would say that it did differ. HHL) 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 hyperoestrogenic 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 levels.

McCracken JA, Schramm W, Einer-Jensen N. The structure of steroids and their diffusion through blood vessel walls in a counter-current system. Steroids. 1984 Mar;43(3):293-303. 
   

Several substances including prostaglandin F2 alpha, progesterone and 85-krypton have been shown to be transferred from the venous side to the arterial side of the circulation in the ovarian vascular pedicle. Experiments were therefore carried out to study the transfer of three pairs of steroids (progesterone and 20 alpha-dihydroprogesterone, C-21; androstenedione and testosterone, C-19; and estrone and estradiol-17 beta, C-18) in which each member of a pair differed by one hydroxyl group. Each pair of steroids, one labeled with 3H and the other with 14C, were infused in sequence for 30 minutes into a side branch of an ovarian vein near the hilus of the ovary with a rest period of 90 minutes between infusions. An increase in radioactivity in ovarian arterial plasma compared to the radioactivity in an equal volume of aortic plasma sampled simultaneously was used as the index for a direct transfer of steroids from the ovarian vein to the adjacent ovarian artery. All six steroids showed such a transfer which began 3 to 6 minutes after the start of each infusion and decreased rapidly after the infusion was stopped. The results of this study also showed that a larger quantity of the less polar (ketonic) form of each steroid pair examined was transferred than its hydroxyl counterpart.

Patel RS, Shaw SR, McIntyre HE, McGarry GW, Wallace AM. Morning salivary cortisol versus short Synacthen test as a test of adrenal suppression. Ann Clin Biochem. 2004 Sep;41(Pt 5):408-10.

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.  PMID: 15333194

Patel RS, Wallace AM, Hinnie J, McGarry GW. Preliminary results of a pilot study investigating the potential of salivary cortisol measurements to detect occult adrenal suppression secondary to steroid nose drops. Clin Otolaryngol Allied Sci. 2001 Jun;26(3):231-4.

Adrenocortical suppression is a well-known risk of systemic steroids, but is thought less likely to occur with topical intranasal corticosteroids. However, the UK Committee on the Safety of Medicines (UKCSM) has expressed concern about the possibility of this complication. We assessed the prevalence of adrenal suppression in patients with rhinitis using intranasal beclomethasone and betamethasone; and the potential value of salivary cortisol as a tool for detecting this complication. Sixty-six patients (38 men: 28 women; mean age 49.6[SD 16.0] years) were prospectively screened for adrenal insufficiency using clinical assessment and salivary cortisol measurements. Abnormalities at this initial screening were confirmed with a Short Synacthen Test (SST). No patient was clinically Cushingoid. All 22 beclomethasone users had normal salivary cortisols. Eleven (25%) of 44 patients using betamethasone had subnormal salivary cortisol levels (mean morning cortisol 2.8[SD 0.9]nmol/l) (0.1mcg/dL, RR 0.35-0.75)  suggesting adrenal suppression, which was confirmed by an impaired SST in each case. The positive predictive value of salivary cortisol measurements was 100%. Only patients with abnormal salivary cortisols had a SST, so no comment can be made about sensitivity/specificity. Topical betamethasone may produce occult adrenal insufficiency and assessment of adrenal function is recommended in these patients. Measurement of salivary cortisol is a useful, non-invasive and economical test for monitoring patients using intranasal corticosteroids. PMID: 11437848

Patel RS, Shaw SR, Macintyre H, McGarry GW, Wallace AM. Production of gender-specific morning salivary cortisol reference intervals using internationally accepted procedures. Clin Chem Lab Med. 2004;42(12):1424-9.

BACKGROUND: Salivary cortisol concentrations correlate well with biologically active unbound free plasma cortisol concentrations. Despite its practical and analytical advantages, salivary cortisol measurement has been used mainly as a research tool rather than for the routine evaluation of adrenal function. This may be partly explained by the lack of robust reference data in the literature. METHODS: Using the recommended procedures for the production of reference intervals published by the International Federation of Clinical Chemistry, we aimed to produce morning salivary cortisol reference intervals for males and females. Salivary cortisol was measured in 496 specimens collected from 248 reference individuals (128 males, median age 41 years, range 16-86; and 120 females, median age 44 years, range 16-98) attending an otorhinolaryngology clinic. Reference individuals mailed saliva specimens sampled on two consecutive mornings to our laboratory, where cortisol concentrations were measured. RESULTS: Statistical analysis showed no significant correlation with age or body mass index. The following 95% gender-partitioned reference intervals were produced: males 10.9-40.3 nmol/l; (0.395-1.46mcg/dL) and females 9.3-40.3 nmol/l. (0.337- 1.46mcg/dL) (Conversion factor 27.6) CONCLUSION: Knowledge of these salivary cortisol reference intervals helps us monitor the adrenal function of outpatients using topical intranasal glucocorticoids for rhinosinusitis. PMID: 15576306

Putignano P, Toja P, Dubini A, Pecori Giraldi F, Corsello SM, Cavagnini F. Midnight salivary cortisol versus urinary free and midnight serum cortisol as screening tests for Cushing's syndrome. J Clin Endocrinol Metab. 2003 Sep;88(9):4153-7.

The diagnosis of Cushing's syndrome (CS) is often a challenge. Recently, the determination of late night salivary cortisol levels has been reported to be a sensitive and convenient screening test for CS. However, no studies have included a comparison with other screening tests in a setting more closely resembling clinical practice, i.e. few patients with CS to be distinguished from patients with pseudo-Cushing states (PC), including the large population of obese patients. The aim of this study was to compare the diagnostic performance of midnight salivary cortisol (MSC) measurement with that of midnight serum cortisol (MNC) and urinary free cortisol (UFC) in differentiating 41 patients with CS from 33 with PC, 199 with simple obesity, and 27 healthy normal weight volunteers. Three patients with CS had MSC levels lower than the cut-off point derived from receiver operator characteristic analysis (9.7 nmol/liter), yielding a sensitivity for this parameter of 92.7%. In the whole study population, no statistically significant differences in terms of sensitivity, specificity, diagnostic accuracy, and predictive values were observed among tests. In particular, the overall diagnostic accuracy for MSC (93%; 95% confidence interval, 90.1-95.9%) was similar to those of UFC (95.3%; 94.1-96.5%) and MNC (95.7%; 93.4-98%; both P = NS). The diagnostic performance of MSC was superimposable to that of MNC also within the area of overlap in UFC values (< or =569 nmol/24 h) between CS and PC. In conclusion, MSC measurement can be recommended as a first-line test for CS in both low risk (simple obesity) and high-risk (i.e. PC) patients. Given its convenience, this procedure can be added to tests traditionally used for this purpose, such as UFC and MNC.

Raff H, Raff JL, Duthie EH, Wilson CR, Sasse EA, Rudman I, Mattson D. Elevated salivary cortisol in the evening in healthy elderly men and women: correlation with bone mineral density. J Gerontol A Biol Sci Med Sci. 1999 Sep;54(9):M479-83. 

BACKGROUND: Aging is associated with a loss of bone mineral density (BMD) in men and women. Loss of BMD can also be caused by hypercortisolemia in men or women at any age. This study measured salivary cortisol at 2300 h and 0700 h as indices of cortisol secretory activity in 228 elderly, community-dwelling subjects. Salivary cortisol results were correlated with BMD. We hypothesized that salivary cortisol is elevated at 2300 h in elderly people, and that salivary cortisol will correlate negatively with BMD. METHODS: Saliva was sampled at 2300 h (nadir in circadian rhythm) and 0700 h (peak in circadian rhythm) in 130 men (70.7 +/- 0.4 years old) and 98 women (70.0 +/- 0.4 years old); approximately half of the women were receiving hormone replacement therapy (HRT). BMD was measured by dual energy x-ray absorptiometry. RESULTS: Salivary cortisol at 2300 h was significantly elevated in men (2.3 +/- 0.1 nmol/L) and women (2.1 +/- 0.1 nmol/L) as compared to 73 younger controls (1.2 +/- 0.1 nmol/L; 37 +/- 1 year old). Salivary cortisol at 0700 h was not different between older subjects and younger controls. There was a significant negative correlation of lumbar (L2-4) BMD and 2300 h salivary cortisol in older women (r = -0.20, p = .05; n = 98); this correlation was significant only in women not on HRT. There was a highly significant negative correlation of lumbar (L2-4) BMD and 0700 h salivary cortisol in older men (r = -0.31, p = .0003). CONCLUSIONS: Salivary cortisol is a simple, nonstressful method for assessing activity of the hypothalamic-pituitary-adrenal (HPA) axis in the elderly population. A major finding was an elevation in the late night nadir in cortisol secretion. We also suggest that elevated cortisol secretion in elderly people may contribute to the age-related loss in bone mineral density and that this effect is prevented by HRT.

Raff H, Raff JL, Findling JW. Late-night salivary cortisol as a screening test for Cushing's syndrome. J Clin Endocrinol Metab. 1998 Aug;83(8):2681-6.

The clinical features of Cushing's syndrome (such as obesity, hypertension, and diabetes) are commonly encountered in clinical practice. Patients with Cushing's syndrome have been identified by an abnormal low-dose dexamethasone suppression test, elevated urine free cortisol (UFC), an absence of diurnal rhythm of plasma cortisol, or an elevated late-night plasma cortisol. Because the concentration of cortisol in the saliva is in equilibrium with the free (active) cortisol in the plasma, measurement of salivary cortisol in the evening (nadir) and morning (peak) may be a simple and convenient screening test for Cushing's syndrome. The purpose of this study was to evaluate the usefulness of the measurement of late-night and morning salivary cortisol in the diagnosis of Cushing's syndrome. We studied 73 normal subjects and 78 patients referred for the diagnosis of Cushing's syndrome. Salivary cortisol was measured at 2300 h and 0700 h using a simple, commercially-available saliva collection device and a modification of a standard cortisol RIA. In addition, 24-h UFC was measured within 1 month of saliva sampling. Patients with proven Cushing's syndrome (N = 39) had significantly elevated 2300-h salivary cortisol (24.0 +/- 4.5 nmol/L) (24nmol/L /27.6=0.86mcg/dl), as compared with normal subjects (1.2 +/- 0.1 nmol/L)(0.04mcg/dL) or with patients referred with the clinical features of hypercortisolism in whom the diagnosis was excluded or not firmly established (1.6 +/- 0.2 nmol/L; N = 39). Three of 39 patients with proven Cushing's had 2300-h salivary cortisol less than the calculated upper limit of the reference range (3.6 nmol/L), yielding a sensitivity of 92%; one of these 3 patients had intermittent hypercortisolism, and one had an abnormal diurnal rhythm (salivary cortisol 0700-h to 2300-h ratio <2). An elevated 2300-h salivary cortisol and/or an elevated UFC identified all 39 patients with proven Cushing's syndrome (100% sensitivity). Salivary cortisol measured at 0700 h demonstrated significant overlap between groups, even though it was significantly elevated in patients with proven Cushing's syndrome (23.0 +/- 4.2 nmol/L), as compared with normal subjects (14.5 +/- 0.8 nmol/L) or with patients in whom Cushing's was excluded or not firmly established (15.3 +/- 1.5 nmol/L). Late-night salivary cortisol measurement is a simple and reliable screening test for spontaneous Cushing's syndrome. In addition, late-night salivary cortisol measurements may simplify the evaluation of suspected intermittent hypercortisolism, and they may facilitate the screening of large high-risk populations (e.g. patients with diabetes mellitus).

Raff H. Utility of Salivary Cortisol Measurements in Cushing's Syndrome and Adrenal Insufficiency. J Clin Endocrinol Metab. 2009 Oct;94(10):3647-55.
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 insufficiency 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 h - midnight) salivary cortisol has a >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 disorders of the HPA axis. PMID: 19602555
Restituto P, Galofré JC, Gil MJ, Mugueta C, Santos S, Monreal JI, Varo N. Advantage of salivary cortisol measurements in the diagnosis of glucocorticoid related disorders. Clin Biochem. 2008 Jun;41(9):688-92. 

OBJECTIVE: Salivary cortisol in the assessment of glucocorticoid related disorders. DESIGN-METHODS: Serum and salivary cortisol were measured in 189 patients (22 Cushing's syndrome, 67 pseudo-Cushing, 11 Addison's disease, 89 controls) at 8:00 and 24:00 h. RESULTS: Serum and salivary cortisol correlated in the whole study population (r=0.62, p=0.000). Morning serum and saliva cortisol in Addison's disease were lower than in controls (6.74+/-1.69 vs 22.58+/-1.78 microg/dL, and 0.15+/-0.25 vs 0.67+/-0.12 microg/dL)(My range is 0.35  to 0.75mcg/dL for immunoassay tests in the  morning-HHL) (p<0.001). Morning serum cortisol was similar in controls and patients with Cushing's syndrome or pseudo-Cushing (22.58+/-1.78 vs 13.96+/-6.02 vs 16.13+/-1.69 microg/dL). Morning serum and salivary cortisol at 8:00 had the same sensitivity to distinguish patients with Addison's disease from healthy controls. 24:00 am serum cortisol in controls (2.61+/-0.20 microg/dL) was lower than in the pseudo-Cushing group (6.53+/-0.77 microg/dL, p<0.001) and in Cushing's syndrome (10.90+/-2.36 microg/dL, p=0.003). 24:00 am salivary cortisol in controls (0.0025+/-0.001 microg/dL) was lower than in patients with Cushing's syndrome (0.58+/-0.11 microg/dL, p<0.001) and those higher than in patient with pseudo-Cushing (0.10+/-0.06 microg/dL, p=0.001). Both salivary cortisol and serum cortisol presented high specificity (82% and 100%) to detect Cushing's syndrome but salivary cortisol higher sensitivity (saliva 88% and serum 50%). CONCLUSION: Morning salivary cortisol is as good as serum as screening test for patients with Addison's disease and nighttime salivary cortisol is more adequate than serum in the screening of Cushing's syndrome. (AM saliva should be a much better screening test for Addison’s disease for outpatients as serum testing requires a trip to the hospital, blood draw, etc.—HHL)
Trilck M, Flitsch J, Lüdecke DK, Jung R, Petersenn S. Salivary cortisol measurement--a reliable method for the diagnosis of Cushing's syndrome. Exp Clin Endocrinol Diabetes. 2005 Apr;113(4):225-30.


The measurement of cortisol in saliva is becoming more widely accepted as a screening test for the diagnosis of hypercortisolism. Since 1986, cortisol measurement in saliva has been continuously used in our department. In this study we compared salivary cortisol profiles from proven Cushing's disease patients with profiles from healthy subjects and obese children. The purpose was to evaluate the predictive value of the method for the diagnosis of hypercortisolism and to define cut-off levels to exclude or identify hypercortisolism. Cortisol in saliva was measured in 150 Cushing's disease patients (30 children, 120 adults, ranging from age 4-70), 100 healthy subjects (55 children, 45 adults, ranging from age 6-60), and 31 children (age 7-15) with an age-related body-mass-index above the 90th percentile. Generally, five saliva samples were taken over the day at 6:00-8:00 a.m., 11:00-12:00 a.m., 4:00-6:00 p.m., 7:00-8:00 p.m., and 10:00 p.m. The samples were measured using a radioimmuno-assay (INCSTAR Corporation, Stillwater, Minnesota, USA). For healthy subjects, morning levels of cortisol in saliva between 3-19 microg/l were found. These levels dropped to levels in between <1-11 microg/l at 11:00-12:00 a.m., <1-6 microg/l at 4:00-6:00 p.m., <1-4.5 microg/l at 7:00-8:00 p.m., and <1-2.9 microg/l at 10:00 p.m. The measured values showed a correlation with age, height, and weight. In Cushing's disease patients, the circadian salivary cortisol rhythm was missing, compared to healthy subjects. There was no significant difference in salivary cortisol levels or circadian rhythm between healthy or obese children. We found a high sensitivity for the detection of hypercortisolism at the 10:00 p.m. salivary cortisol measurement. The following, age dependent cut-off levels for salivary cortisol at 10:00 p.m. were calculated for the exclusion of hypercortisolism. Age 6-10: 1.0 microg/l (specificity 100%, sensitivity 87.5%); age 11-15: 1.7 microg/l (specificity 100%, sensitivity 100%); age 16-20: 1.6 microg/l (specificity 100%, sensitivity 76.2%); age 21-60: 1.6 microg/l (specificity 100%, sensitivity 90.9%) [corrected] For the proof of Cushing's syndrome, the following age-dependent cut-off levels at 10:00 p.m. were found: age 6-10: 1.9 microg/l (specificity 100%, sensitivity 80%); age 11-15: 1.7 microg/l (specificity 100%, sensitivity 100%); age 16-20: 2.5 microg/l (specificity 100%, sensitivity 84.2%); age 21-60: 1.9 microg/l (specificity 100%, sensitivity 97.6 %) [corrected] The cortisol assessment in saliva is a sensitive and reliable method to discriminate normocortisolemic from hypercortisolemic patients. From our view, the major advantages of this method are the reliability, non-invasiveness, and use in ambulatory patients.

Vining RF, McGinley RA, Maksvytis JJ, Ho KY. Salivary cortisol: a better measure of adrenal cortical function than serum cortisol. Ann Clin Biochem. 1983 Nov;20 (Pt 6):329-35.

Salivary cortisol concentration was found to be directly proportional to the serum unbound cortisol concentration both in normal men and women and in women with elevated cortisol-binding globulin (CBG). The correlation was excellent in dynamic tests of adrenal function (dexamethasone suppression, ACTH stimulation), in normals and patients with adrenal insufficiency, in tests of circadian variation and randomly collected samples. Women in the third trimester of normal pregnancy exhibited elevated salivary cortisol throughout the day. The relationship between salivary and serum total cortisol concentration was markedly non-linear with a more rapid increase in salivary concentration once the serum CBG was saturated. The rate of equilibrium of cortisol between blood and saliva was very fast, being much less than 5 minutes. These data, combined with a simple, stress-free, non-invasive collection procedure, lead us to suggest that salivary cortisol is a more appropriate measure for the clinical assessment of adrenocortical function than is serum cortisol.

Wood P. Salivary steroid assays - research or routine? Ann Clin Biochem. 2009 Jan 28. [Epub ahead of print] 

Salivary concentrations of unconjugated steroids reflect those for free steroids in serum although concentrations may differ because of salivary gland metabolism. Samples for salivary steroid analysis are stable for up to 7 days at room temperature, one month or more at 4 degrees C and three months or more at -20 degrees C. When assessed against strict criteria, the evidence shows that salivary cortisol in evening samples or following dexamethasone suppression provides a reliable and effective screen for Cushing's syndrome. Sequential salivary cortisol measurements are also extremely helpful for the investigation of suspected cyclical Cushing's syndrome. There is potential for the identification of adrenal insufficiency when used with Synacthen stimulation. Salivary17-hydroxyprogesterone and androstenedione assays are valued as non-invasive tests for the home-monitoring of hydrocortisone replacement therapy in patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. The diagnostic value of salivary oestradiol, progesterone, testosterone, dehydroepiandrosterone and aldosterone testing is compromised by rapid fluctuations in salivary concentrations of these steroids. Multiple samples are required to obtain reliable information, and at present the introduction of these assays into routine laboratory testing is not justified.

