Cortisol

· For primary adrenal insufficiency: Check adrenal cortex antibodies and steroid 21-hydroxylase abs.

· Primary cortisol deficiency causes hyponatremia because ADH is co-secreted with CRH, leading to water retention. Decreased vascular tone (cortisol sensitizes vessels to catecholamines) leading to relative hypotension also stimulates ADH. Aldosterone deficiency causes sodium wasting and potassium retention.

· Cortisol production rates are 2x higher in men than women, and free cortisol levels are higher in men than in women (Vierhapper 1998, Purnell 2004), this is one factor explaining women’s much greater incidence of mild-moderate cortisol insufficiency. Another factor is inhibition of 11beta HSD type 1 levels and action by estradiol. (Cohen 2005)
· Estradiol inhibits adrenal production of cortisol by inhibiting 3 beta hydroxysteroid dehydrogenase. This provides a mechanism for elevated estrogen to cause cortisol deficiency, allergies and autoimmune diseases. (Gell, 1998)
· Estradiol given to post-menopausal women causes a decline in cortisol levels (Kerdelhué 2006)

· Women make half the cortisol that men do. (Vierhapper, 1998)
· PCOS patients have reduced urinary 11 OH/11 oxo ratios indicating decreased cortisol activity which can cause increased ACTH causing increased DHEAS. This could be one mechanism by which PCOS is produced.

· Williams Textbook 10th Ed. P. 508: suppression of the HPA axis is invariable in patients taking the equivalent of 15mg or more of prednisolone per day chronically…variable with 5 to 15mg/day, reported in some cases at 5mg/day, but clinically significant suppression at 5mg is debatable. (Danowski 1964) 5mg to 7.5mg prednisolone (and prednisone) is considered a physiological dose. (5mg of prednisolone is a bit more potent than 20mg hydrocortisone-HHL).

· “primary (hereditary) abnormalities in the glucocorticoid receptor gene make 6.6% of the normal population relatively 'hypersensitive' to glucocorticoids, while 2.3% are relatively 'resistant'.” (Lamberts 1996) (due to one of two point mutations in the glucocorticoid receptor gene-UpToDate) 

· “In general, the adrenal gland produces about 50 mg/day of cortisol during a minor procedure or surgery (normal basal secretion is 8 to 10 mg/day), while 75 to 100 mg/day are produced with major surgery. The cortisol secretion rate can reach 200 to 500 mg/day with severe stress, but secretion rates greater than 200 mg/day in the 24 hours after surgery are rare.” (UpToDate) How about severe mental stress?-HHL

· “Included in the intermediate group is any patient who has taken less than 10 mg of prednisone or its equivalent (less than 40-50mg cortisol) per day, providing that it is not taken as a single bedtime dose for more than a few weeks. Although a few such patients may have inadequate responses to metyrapone, low-dose ACTH, or hypoglycemia for brief intervals after cessation of therapy, the incidence of clinical adrenal insufficiency is exceedingly low. (UpToDate—“Pharmacologic Uses of Glucocorticoids”)

· Endogenous production is estimated at 5 – 10mg/m2/day, or between 8 and 16mg for average sized women and between 10 and 21mg for average-sized men.  Oral replacement cortisol dose is 12-15mg/m2/day or 20 to 30mg/day. Doses of 16mg/m2 have been associated with bone loss in adults (without DHEA supplementation). Doses greater than 17mg/m2/day have been associated with reduce height in CAD patients. (Bonfig 2009)
· Women on estrogen/progestin and prednisone doses of 5 to 15mg actually gained bone mass. (Lukert 1992). (Equiv. to hydrocortisone doses of 25-60mg daily)

· Appropriate dose by subcutaneous hydrocortisone infusion, determined by saliva and serum testing, was found to be 10mg/m2/day (Lovas). Oral dose is approximately double the infusion dose due to inefficient absorption, liver metabolism, etc. Some persons require 18mg/m2/day by infusion (Bryan 2009)
· BSA (m²) = ( [Height(in) x Weight(lbs) ]/ 3131 )½ ,( [Height(cm) x Weight(kg) ]/ 3600 )½
· Partial adrenal suppression with reduced ACTH stimulation test response can be seen with doses of 20-30mg hydrocortisone/day in some adults (not corrected for thyroid or DHEAS levels).

· 20mg HC daily did not increase insulin resistance compare to a physiological HC infusion (McConnell, 2002). 

· Some significant adrenal suppression (fails ACTH stim. Test) seen in hydrocortisone doses of 16mg/m2/day or 20+5 to 30+5mg/day (not corrected for thyroid or DHEAS levels). (McKenzie, 2000)

· Bliesner:  There’s more to cortisol dosing than mg/day!  5mg qid will give a ~20% lower 24 hr. free cortisol urinary secretion than 10 bid (other studies indicate that larger, fewer doses also produce more adrenal suppression—a peak effect like with thyroid/TSH).

· One mg of prednisolone is said to equal to 4 mg of hydrocortisone. However, their ratio in producing growth suppression is 1:15 ! (Punthakee)

· One mg of prednisone is said to equal 4mg of hydrocortisone, however, 7.5mg of prednisone produced much more bone loss than 30mg of hydrocortisone, so the ratio is probably more like 1:5 or 1:6. (Jodar)

· One mg of methylprednisolone is said to be equivalent to 5mg HC, but infusions of each hormone with these ratios showed that the MP caused insulin levels to rise twice as high as with HC (Bruno, 1994)

· 0.5mg of dexamethasone is said to be equal to 20 mg of hydrocortisone.  Yet 0.5mg dexamethasone caused 50% worse insulin insensitivity, 50% greater islet beta cell function, and a 50% greater change in bone resorption markers than 20mg hydrocortisone. (Suliman)  The ratio here is probably more like 70mgHC=1mg Dexamethasone. (In that same study, 10+5+5 produced slightly lower cortisol-effect parameters than 10+5mg?).

· AM cortisol <400nm/l (14.5μg/dl!) plus normal or low ACTH plus symptoms of adrenal insufficiency predicts secondary AI  (by insulin tolerance test) in 50% (Greenfield 2006)
· The ACTH stimulation test is not reliable for assessing the HPA axis in patients with pituitary disease and the insulin stress test remains the standard method.(Ammari 1996)
· 250mcg or 1mcg Cortrosyn stimulation test:  30 min. cortisol less than 18 mcg/dL or 500nmol/L indicates primary adrenal insufficiency.

· A normal Cortrosyn stimulation test does not rule out functional glucocorticoid insufficiency in persons with incomplete ACTH deficiency states (Streeten 1996 ) (this group probably represents the bulk of cortisol insufficiency in the population—HHL). 

· Glucagon and be injected subcutaneously instead of ACTH intramuscularly, allowing a less expensive, more convenient outpatient stimulation test of cortisol reserve. (Kappy 2006)
· The ACTH stimulation test does not rule out partial central hypothalamic/pituitary adrenal insufficiency. (Ammari 1996)

· Bone density was normal in patients on a median of 37.5mg cortisone acetate daily for 10 years (Arlt 2006) (equal to 37.5x0.8 or 30mg cortisol.

· Caffeine elevates ACTH and cortisol levels 30% from 60 to 120 minutes after ingestion, so caffeine addicts may be self-treating their hypocortisolemia (Lovallo)

· Nicotine increases ACTH secretion and cortisol levels, explaining the addiction to smoking in hypocortisolemic persons, and explaining the anti-smoking benefits of SSRIs. (Mendelson 2005)

· Cortisol levels are higher in hypothyroidism due to reduced clearance of cortisol (Iranmanesh 1990)
· AM cortisol rise of 50% stimulated by awakening and by light—peaks at 30mins. after awakening.( Leproult 2001)
· Antidepressants, a mainstay in the treatment of stress-related disorders, were regularly associated with evidence of enhanced glucocorticoid signaling. (Raison 2003) HPA activity (Ahrens 2007), and cortisol levels (Schlosser 2000) (Hawken 2009)(Briscoe 2008)
· Zoloft increases plasma cortisol and T3 levels in depressed patients (Sagud)

· ACTH administration (250mcg) caused increased cortisol (225%), aldosterone (150%), and DHEA (50%) secretion, therefore suppression of ACTH by hydrocortisone replacement will reduce DHEA and aldosterone secretion. (Hiroi 2002)

· ACTH administration (250mcg) also increased epinephrine and norepinephrine by ~50%, which may explain why some persons feel excessive sedation/calm with ACTH suppression during cortisol restoration (Yoshida 2005)

· In castrated male rats, corticosterone levels increase, in ovariectomized female rates, corticosterone levels decrease.  If this is relevant to humans, then in female menopause we would expect cortisol levels to decline; but not in male andropause.  This would explain the much greater incidence of hypocortisolism in women and some of the benefits of sex-steroid replacement. (see Seale)

· In rheumatoid arthritis, we should replace DHEA, cortisol, and testosterone (Straub)

· Low cortisol levels found in patients with chronic pain after back surgery (Giess 2005)

· Saliva testing is more sensitive to the low cortisol levels in patients with chronic fatigue (Strickland)

· Cortisol secretion by the adrenal, like thyroxine secretion by the thyroid, is modulated not only by the pituitary hormone, but by direct neural connections to the brain. (Edwards, Buijs)

· GH/IGF-1 inhibits 11beta HSD-1 reducing cortisol production in the periphery from cortisone. This explains GH’s ability to improve long-term insulin sensitivity and reduce intra-abdominal fat. 

· High-dose prednisone decreases GH secretion but increases IGF-1 levels significantly, the latter is probably due to a direct effect of oral steroid on the liver. (Borges 1999) However, 20mg HC bid lowered IGF-1 levels and GH release. (Watson 2000)
· No cases of adrenal insufficiency observed when patients on 5 to 15mg prednisone daily long-term underwent elective surgery. However 1 hr post-incision cortisol levels were lower. (Kehlet, 1973) 20mg of hydrocortisone has less suppressive effect than 5mg prednisone, so this study implies that person on 20-30mg HC or less will have no adrenal insufficiency with surgery, injury, or illness.

· Udelsman 1986—physiological hydrocortisone supplementation as effective as supraphysiological doses for surgery in primates.

· Adinoff, 2005—lower cortisol levels in alcoholics, the lower the cortisol the greater the risk of returning to drinking.

· Some studies show declining cortisol levels with age in healthy volunteers (Drafta, Zeitz, Weykamp)

· 1 mcg of Cosyntropin (ACTH) IM is equivalent to 90 mg of cortisol administered parenterally.(Raffnson 2005)

· Lowest effective dose of Cosyntropin is 0.03mcg, maximally effective dose is 1000mcg.

· Adolescents with chronic fatigue have lower adrenal responsiveness to low dose ACTH (500ng/m2) (Segal 2005)

· Oral hydrocortisone replacement dose in children 12.3 mg/m2/ day (range, 5.5-18.5). (15kg child BSA=0.6m2, 30kg child BSA=1m2) (Devile 1997)

· Role of glucocorticoid receptor polymorphisms in psychiatric disease (Derijk 2008)

· Meals increase saliva cortisol by 10%, exercising by 80%, and awakening with an alarm clock increases it by 100% compared to 39% for a spontaneous awakening. (Garde 2008). So much for looking for hypocortisolemia with an AM serum cortisol !

· Endometriosis patients have much lower saliva cortisol levels than controls. Since cortisol inactivates estradiol in the endometrium, this may be a causal connection. (Petrelluzzi, 2008)

· People with chronic widespread pain were 3.1 times more likely to have saliva cortisol levels in the lowest third compared to normal controls. (McBeth, 2005)

· Strong association between low cortisol levels and suicidal behavior. CRH was also low indicating central origin. (Lindqvist 2008)

· Ecstacy (MDMA) increased saliva cortisol levels by 800% and testosterone by 75% while dancing. No increases seen while dancing when abstinent. (Parrot, 2008)

· Salivary cortisol response to stress declines with age, and is lower in elderly women compared to men. (Kudielka 2004)
· Serum cortisol levels are higher in hypothyroidism due to reduced cortisol clearance and reduced cortisol feedback sensitivity in the hypothalamus-pituitary axis. (Iranmanesh, 1990)

· In women with high cortisol levels, sex hormones and DHEA both protect against fractures (Tauchmanovà 2007)
· There is a spectrum of secondary hypoadrenalism from mild to severe. A negative Synacthen stimulation test does not rule out mild secondary hypoadrenalism (Reimondo 2008)
· Potassium injections increase ACTH and cortisol levels (Ueda 1982) A low-potassium state probably reduces cortisol secretion. 
· Epinephrine infusions increase cortisol levels significantly. (Segre 1966)
· 59 persons with fatigue, hypoglycemic symptoms, depression, arthralgia and myalgia, weight gain, weight loss, postural dizziness and headaches underwent insulin tolerance testing to assess their hypothalamic-pituitary axis.  37 of 59 had low ACTH response to insulin tolerance testing, 31 had low cortisol levels. (Greenfield 2006)
· There is a relative adrenal insufficiency in 50% of women with rheumatoid arthritis. Similar findings in other autoimmune disease  (Imrich 2009, Tziousfas 2008)
· TSH secretion increased when cortisol levels are lower, decreased when levels are higher (Hangaard, 1996)
· Premarin increased ACTH and cortisol levels in postmenopausal women (Fonseca 2001)
· Transdermal estradiol lowers ACTH but not cortisol levels in response to CRH—increases sensitivity of adrenal glands to ACTH (Cucinelli 2002)
· Estradiol  replacement greatly reduces ACTH and cortisol response to endotoxin (Puder 2001)
· Sufficient cortisol is necessary to restore the affinity of thyroid hormone receptors  (De Nayer 1987)
· Low AM cortisol associated with Hashimoto’s thyroiditis (Terzidis 2010)
· Hashimoto’s antibodies eliminated with cortisol replacement in a case of severe cortisol insufficiency (Keuneke 2000)

· Higher thyroid levels suppress cortisol levels (Karl 2009)
· Cortisol insufficiency in 60% of critically ill children (Zimmerman 2011)
· Lower ACTH production on OC’s, higher total cortisol levels (Carr, 1979). ACTH and cortisol deficiency after stopping oral contraceptives (Leiba 1979)
· High-dose vaginal progesterone increases ACTH and cortisol secretion (Lee 2012)
· When rendered hypogonadal, men still produced significantly more ACTH and cortisol with exercise and CRH stimulation (Roca 2005).
· Potassium loading increases ACTH and cortisol production (Ueda 1982)
Adam EK, Gunnar MR. Relationship functioning and home and work demands predict individual differences in diurnal cortisol patterns in women. Psychoneuroendocrinology. 2001 Feb;26(2):189-208.

In 70 middle-class mothers of 2-year-old children, individual differences in mothers' morning cortisol levels, cortisol decreases across the day and average cortisol levels were predicted from demographic and medical control variables, maternal relationship functioning and home and work demands. For two days, salivary cortisol levels were measured in the morning immediately after wakeup, four times in the afternoon, and in the evening immediately prior to bedtime. Hierarchical linear modeling (HLM) growth curve analyses were used to estimate the intercept (early morning level), slope (steepness of decline in cortisol values across the day), and the average height of each mother's cortisol curve across the waking hours. HLM and multiple regression techniques were then used to predict individual differences in these parameters from the variables of interest. Time of day accounted for 72% of the variation in mothers' observed cortisol values across the day. After controlling for demographic and medical variables, positive relationship functioning was associated with higher morning cortisol levels and a steeper decline in cortisol across the day, while greater hours of maternal employment and a greater number of children in the household were associated with lower morning cortisol values and a less steep decline in cortisol levels across the day. Variables predicting higher morning values also predicted higher average cortisol levels, while variables predicting lower morning cortisol predicted lower average cortisol levels. The full model including selected control, relationship functioning and home and work demand variables accounted for 40% of the variance in mothers' morning cortisol values, 43% of the variance in cortisol slopes and 35% of the variability in mothers' average cortisol levels. This study presents the first evidence of associations between psychological variables and individual differences in the organization of cortisol levels across the waking day in normal adult women.

Adinoff B, Junghanns K, Kiefer F, Krishnan-Sarin S. Suppression of the HPA axis stress-response: implications for relapse. Alcohol Clin Exp Res. 2005 Jul;29(7):1351-5. 


This article presents the proceedings of a symposium held at the meeting of the International Society for Biomedical Research on Alcoholism (ISBRA) in Mannheim, Germany, in October 2004. This symposium explored the potential role of hypothalamic-pituitary-adrenal (HPA) axis dysregulation upon relapse. HPA axis stimulation induces the release of the glucocorticoid cortisol, a compound with profound effects upon behavior and emotion. Altered stress-responses of the HPA axis in abstinent alcohol-dependent subjects, therefore, may influence their affective and behavioral regulation, thus impacting their potential for relapse. Bryon Adinoff began the symposium with a review of HPA axis dysfunction in alcohol-dependent subjects, including recent studies from his lab demonstrating an attenuated glucocorticoid response to both endogenous and exogenous stimulation in one-month abstinent men. Klaus Junghanns presented his work demonstrating that a blunted ACTH or cortisol response to subjective stressors (social stressor or alcohol exposure) is predictive of a return to early drinking. The final two presenters examined the interaction between naltrexone and HPA responsiveness in alcohol-dependent or at-risk subjects, as naltrexone induces an increase in ACTH and cortisol. Falk Kiefer discussed the relationship between basal HPA axis responsivity and clinical outcome following treatment with naltrexone or acamprosate. Plasma ACTH significantly decreased over the course of the study in the medication groups, but not the placebo group. Lower basal concentrations of ACTH and cortisol were associated with quicker relapse in the placebo group only. Suchitra Krishnan-Sarin described her preliminary work, in which family-history positive (FH+) and family history negative (FH-) subjects were administered naltrexone, followed by an assessment of alcohol-induced craving. The cortisol response to alcohol was significantly and inversely related to craving in the FH+, but not the FH-, subjects. Alterations in HPA axis responsivity may therefore have a negative impact upon clinical outcome in alcohol-dependent subjects, and disinhibition of the axis with medication may have therapeutic potential.

Adinoff B, Krebaum SR, Chandler PA, Ye W, Brown MB, Williams MJ. Dissection of hypothalamic-pituitary-adrenal axis pathology in 1-month-abstinent alcohol-dependent men, part 1: adrenocortical and pituitary glucocorticoid responsiveness. Alcohol Clin Exp Res. 2005 Apr;29(4):517-27.

BACKGROUND: Long-term ingestion of alcohol produces marked alterations in hypothalamic-pituitary-adrenal axis activity. The authors engaged in a series of studies to determine the distinct role of the hypothalamus and the pituitary and adrenal glands in the disturbances observed in abstinent alcohol-dependent subjects. In this first of a two-part study, the authors report on (1) the basal secretory profile of corticotropin and cortisol from 2000 to 0800 hrs, (2) adrenocortical sensitivity in both the presence and absence of endogenous pituitary activation, and (3) pituitary glucocorticoid sensitivity to dexamethasone. METHODS: Eleven male, 4 to 6 weeks abstinent, alcohol-only-dependent subjects and 10 age-matched male healthy controls were studied. Basal circulating concentrations of corticotropin and cortisol were obtained from 2000 to 0800 hr. A submaximal dose of cosyntropin (0.01 microg/kg), a corticotropin analogue was then administered to assess adrenocortical sensitivity. In a separate session, cosyntropin was administered following high-dose dexamethasone (8 mg iv) to assess adrenocortical sensitivity in the relative absence of endogenous corticotropin. In addition, the corticotropin response to dexamethasone was measured to determine pituitary glucocorticoid responsiveness. RESULTS: Cortisol, but not corticotropin, pulse amplitude (p < 0.05) and mean concentration (p= 0.05) was significantly lower in alcohol-dependent subjects compared with controls. The cortisol response to cosyntropin was lower in alcohol-dependent subjects following endogenous corticotropin suppression by high-dose dexamethasone (p <0.04) but not without dexamethasone pretreatment. Mean corticotropin (p <0.004) and cortisol (p <0.05) concentrations in response to dexamethasone were attenuated in the patients compared to controls. Basal concentrations of 11-deoxycortisol, the precursor to cortisol, were also decreased in alcohol-dependent subjects (p <0.05). CONCLUSION: Attenuated basal and stimulated adrenocortical concentrations in abstinent alcohol-dependent men are coupled with a nonhomeostatic increase in pituitary glucocorticoid inhibition. A decrease in stress-axis responsivity in alcohol dependence may have implications for treatment outcome.

Aerni A, Traber R, Hock C, Roozendaal B, Schelling G, Papassotiropoulos A, Nitsch RM, Schnyder U, de Quervain DJ. Low-dose cortisol for symptoms of posttraumatic stress disorder. Am J Psychiatry. 2004 Aug;161(8):1488-90. 


OBJECTIVE: Because elevated cortisol levels inhibit memory retrieval in healthy human subjects, the present study investigated whether cortisol administration might also reduce excessive retrieval of traumatic memories and related symptoms in patients with chronic posttraumatic stress disorder (PTSD). METHOD: During a 3-month observation period, low-dose cortisol (10 mg/day) was administered orally for 1 month to three patients with chronic PTSD in a double-blind, placebo-controlled, crossover design. RESULTS: In each patient investigated, there was a significant treatment effect, with cortisol-related reductions of at least 38% in one of the daily rated symptoms of traumatic memories, as assessed by self-administered rating scales. In accordance, Clinician-Administered PTSD Scale ratings assessed after each month showed cortisol-related improvements for reexperiencing symptoms and, additionally, in one patient for avoidance symptoms. CONCLUSIONS: The results of this pilot study indicate that low-dose cortisol treatment reduces the cardinal symptoms of PTSD.

Agha A, Liew A, Finucane F, Baker L, O'Kelly P, Tormey W, Thompson CJ. Conventional glucocorticoid replacement overtreats adult hypopituitary patients with partial ACTH deficiency. Clin Endocrinol (Oxf). 2004 Jun;60(6):688-93.

BACKGROUND: Glucocorticoid therapy is associated with potentially serious side-effects, but there is no information available regarding glucocorticoid requirement in adult hypopituitary patients with partial ACTH deficiency. SUBJECTS: Ten male adult hypopituitary patients with partial ACTH deficiency, baseline plasma cortisol > 200 nmol/l but a peak stimulated cortisol < 500 nmol/l and 10 matched healthy male control volunteers participated. DESIGN: Patients were assigned, in a random order, to a cross-over protocol of treatment for 1 week with full dose hydrocortisone (10 mg twice daily), half-dose hydrocortisone (5 mg twice daily), or no treatment. All patients completed all three of the treatment limbs. MEASUREMENTS: Following each treatment schedule, patients underwent an 11-h cortisol day curve (CDC), and the results were compared with those from the 10 control volunteers on no glucocorticoid treatment. RESULTS: The integrated CDC values were significantly higher in patients taking a full dose of hydrocortisone compared to controls (P < 0.001). There was no significant difference in the integrated CDC between patients on half-dose (P = 0.37) or no hydrocortisone treatment (P = 0.13), compared to control subjects. Peak postabsorption cortisol values were higher in patients receiving full-dose hydrocortisone treatment compared to controls (P < 0.001). There was no significant difference in plasma sodium concentration, blood pressure or corticosteroid-binding globulin between patients on any treatment schedule and controls. CONCLUSION: Adult patients with pituitary disease and partial ACTH deficiency have a cortisol secretory pattern comparable to that of healthy controls. Conventional full-dose replacement with 10 mg twice daily of hydrocortisone produces hypercortisolaemia, whereas half-dose produces a CDC that is not statistically different from that of healthy controls. The results suggest that current conventional glucocorticoid replacement overtreats patients with partial ACTH deficiency under normal unstressed physiological conditions.   (What about the rest of the evening/night when cortisol is not being taken? What about people also taking DHEA or thyroid hormones which counteract cortisol? What about those persons living with more stress? There is no substitute for individualization of dosing.--HHL)

Agwu JC, Spoudeas H, Hindmarsh PC, Pringle PJ, Brook CG. Tests of adrenal insufficiency. Arch Dis Child. 1999 Apr;80(4):330-3.

AIM: In suspected adrenal insufficiency, the ideal test for assessing the hypothalamo-pituitary-adrenal axis is controversial. Therefore, three tests were compared in patients presenting with symptoms suggestive of adrenal insufficiency. METHOD: Responses to the standard short Synacthen test (SSST), the low dose Synacthen test (LDST), and the 08:00 hour serum cortisol concentration were measured in 32 patients. A normal response to the synacthen test was defined as a peak serum cortisol of >/= 500 nmol/l and/or incremental concentration of >/= 200 nmol/l. The sensitivity and specificity of the 08:00 hour serum cortisol concentration compared with other tests was calculated. RESULTS: Three patients had neither an adequate peak nor increment after the SSST and LDST. All had a serum 08:00 hour cortisol concentration of < 200 nmol/l (7.25mcg/dL). Eight patients had abnormal responses by both criteria to the LDST but had normal responses to the SSST. Three reported amelioration of their symptoms on hydrocortisone replacement. Twenty one patients had a normal response to both tests (of these, 14 achieved adequate peak and increment after both tests and seven did not have an adequate peak after the LDST but had a normal increment). The lowest 08:00 hour serum cortisol concentration above which patients achieved normal responses to both the LDST and SSST was 500 nmol/l. At this cut off value (compared with the LDST), the serum 08:00 hour cortisol concentration had a sensitivity of 100% but specificity was only 33%. CONCLUSION: The LDST revealed mild degrees of adrenal insufficiency not detected by the SSST. The value of a single 08:00 hour serum cortisol concentration is limited.

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.

Ahrens T, Frankhauser P, Lederbogen F, Deuschle M. Effect of single-dose sertraline on the hypothalamus-pituitary-adrenal system, autonomic nervous system, and platelet function. J Clin Psychopharmacol. 2007 Dec;27(6):602-6.

OBJECTIVE: Pharmacological treatment with selective serotonin reuptake inhibitors (SSRIs) is thought to decrease coronary risk in patients with depressive disorder. Selective serotonin reuptake inhibitor intake may (1) attenuate the hypothalamus-pituitary-adrenal (HPA) system, (2) improve disturbances of the autonomous nervous system, and (3) dampen the aggregability of platelets. There is only limited information about the influence of acute treatment with SSRIs on these systems, which is especially important for the initiation of therapy in high-risk cardiac patients. We compared the reaction of these systems to physical stress with single-dose SSRI treatment (100 mg) with that of placebo treatment. METHODS: Using a double-blind, crossover, placebo-controlled design, we assessed HPA system activity via serum cortisol and corticotropin as well as sympathetic nervous system by determining serum norepinephrine and epinephrine levels at baseline and as a response to stress. Analysis of heart rate variability (HRV) provided information on sympathetic/parasympathetic balance. Platelet activity was measured via flow-cytometric determination of platelet surface activation markers along with the serotonin (5-HT) uptake of platelets. RESULTS: We studied 12 healthy young men under placebo and verum conditions. We found higher HPA system activity at baseline and after physical activity under sertraline when compared with placebo, no difference in sympathetic nervous system activity after physical exertion and only slightly heightened baseline epinephrine values after sertraline intake. No difference was seen between sertraline and placebo intake regarding platelet activity and 5-HT uptake, HRV, blood pressure, and HR. CONCLUSIONS: Initiating sertraline treatment increases HPA system activity and epinephrine concentrations. We found no clinically relevant effect of single-dose sertraline treatment on autonomous nervous function, platelet activity, or platelet 5-HT uptake. These findings may not be extrapolated to patients with affective or cardiac disorders or to other SSRIs.

Ahrens T, Deuschle M, Krumm B, van der Pompe G, den Boer JA, Lederbogen F. Pituitary-Adrenal and Sympathetic Nervous System Responses to Stress in Women Remitted From Recurrent Major Depression. Psychosom Med. 2008 May;70(4):461-7. 
Objective: To better understand the changes in hypothalamus-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS) function after remission of depression. We characterized these systems at baseline and in response to a psychosocial stressor in a cohort of women remitted from recurrent major depression as well as in never-depressed healthy female controls. Methods: Baseline HPA function was measured via saliva cortisol sampling at 8 AM and 4 PM over 7 days as well as quantification of urinary overnight cortisol secretion. The HPA system response to a psychosocial stressor was assessed by measuring serum cortisol and adrenocorticotropic hormone (ACTH) levels and SNS reactivity by determining serum epinephrine (E) and norepinephrine (NE) concentrations as well as autonomic nervous system changes by analysis of heart rate variability (HRV). The stressor included a speech task, mental arithmetic, and a cognitive challenge. Results: In all, we studied 22 women remitted from recurrent major depression (age = 51.0 +/- 1.7 years) and 20 healthy controls (age = 54.2 +/- 1.6 years). Morning saliva cortisol concentrations were lower in remitted patients, paralleled by lower serum cortisol concentrations before stress testing. This group also displayed a blunted cortisol and ACTH response to the stressor, as compared with healthy controls. No between-group differences in HRV parameters were observed. Conclusion: In this group of women remitted from recurrent major depressive disorder, we found evidence of HPA system hypoactivity, both in the basal state and in response to a psychosocial stressor.

Al-Aridi R, Abdelmannan D, Arafah BM. Biochemical Diagnosis of Adrenal Insufficiency: The added Value of Dehydroepiandrosterone Sulfate (DHEA-S) Measurements. Endocr Pract. 2010 Dec 6:1-32. 

Objective: The diagnosis of adrenal insufficiency continues to be challenging. This article reviews biochemical tests used in establishing the diagnosis.Methods: A review of relevant literature including our own data on various biochemical tests used to define adrenal function. The advantages and limitations of each approach are discussed.Results: Baseline measurements of serum cortisol are helpful only when they are very low (<5 ug/dL) or elevated whereas baseline plasma ACTH levels are helpful only when primary adrenal insufficiency is suspected. Measurements of baseline serum DHEA-S levels are valuable in patients suspected of having adrenal insufficiency. Whereas serum DHEA-S levels are low in patients with primary or central adrenal insufficiency, a low level of the latter steroid is not sufficient by itself in establishing the diagnosis. However, a normal age and gender adjusted serum DHEA-S level practically rules out the diagnosis of adrenal insufficiency. Many patients require dynamic biochemical studies such as the 1-ug Cosyntropin test to assess adrenal function.Conclusions: In establishing the diagnosis of central adrenal insufficiency, we recommend measurements of baseline serum cortisol and DHEA-S levels. In addition to these, determination of plasma levels of aldosterone, ACTH and renin activity are necessary when primary adrenal insufficiency is suspected. A random serum cortisol level of ≥12 ug/dL in the ambulatory setting, and/or a normal age and gender-adjusted DHEA-S levels the diagnosis of adrenal insufficiency extremely unlikely. However, when serum DHEA-S levels are low or equivocal, dynamic testing will be necessary to define HPA function. PMID: 21134877

Al-Shoumer KA, Ali K, Anyaoku V, Niththyananthan R, Johnston DG. Overnight metabolic fuel deficiency in patients treated conventionally for hypopituitarism. Clin Endocrinol (Oxf). 1996 Aug;45(2):171-8.

BACKGROUND: Hormone replacement in hypopituitary adults attempts to reproduce normal physiology. Conventional regimens fail to mimic normal hormone profiles over 24 hours. OBJECTIVE: To investigate the metabolic consequences of conventional hormone replacement in hypopituitary adults by measuring circulating levels of the major fuels, glucose, non-esterified fatty acids (NEFA), glycerol and 3-hydroxybutyrate (3-OHB) over 24 hours in hypopituitary subjects and controls. SUBJECTS: Ten GH and adrenocorticotrophin deficient hypopituitary adults on conventional replacement and 13 controls matched for age, sex and body mass index were studied. The patients received replacement with hydrocortisone twice daily (at 0730 and 1730 h; mean (range) daily dose 22 (10-30) mg/24 h) but not with GH. Other hormones were replaced as clinically necessary. MEASUREMENTS: Circulating glucose, NEFA, glycerol and 3-OHB levels were measured over 24 hours together with concentrations of cortisol (total and free), GH and insulin, and urinary free cortisol. RESULTS: Levels of glucose, NEFA and 3-OHB were lower in patients than controls (mean +/- SEM) (4.3 +/- 0.1 vs 5.3 +/- 0.1 mmol/l, P = 0.0001; 291 +/- 46 vs 448 +/- 48 mumol/l, P = 0.015; 78 +/- 8 vs 136 +/- 24 mumol/l, P = 0.035, respectively) before breakfast. This decrease in glucose, NEFA and 3-OHB was observed in the patient group throughout the night, from midnight to breakfast. For NEFA, the decrease persisted throughout the 24 hours. Glycerol did not differ significantly in patients and controls. Integrated levels of total and free plasma cortisol, and 24-hour urine cortisol excretion, were normal in patients but total and free plasma cortisol concentrations overnight were markedly decreased (overnight area under the curve (AUC) of total cortisol: 440 +/- 154 vs 1593 +/- 267 nmol/l h, P = 0.0024; overnight AUC of free cortisol: 24 +/- 8 vs 161 +/- 26 nmol/l h, P = 0.0001). GH levels were low throughout the whole 24 hours in the patient group (24-hour AUC: 10.6 +/- 5.1 vs 74.6 +/- 19.6 mU/l h, P = 0.008). CONCLUSIONS: Hypopituitary adults on conventional hormone replacement regimens have low concentrations of metabolic fuels, glucose, non-esterified fatty acids and 3-hydroxybutyrate throughout the night, possibly related to GH deficiency or to decreased overnight circulating cortisol levels. This overnight fuel deficiency may underlie the mechanism for the non-specific symptoms, such as fatigue and headache in the early morning, which are frequent in this group of patients. PMID: 8881449

Ammari F, Issa BG, Millward E, Scanion MF. A comparison between short ACTH and insulin stress tests for assessing hypothalamo-pituitary-adrenal function. Clin Endocrinol (Oxf). 1996 Apr;44(4):473-6.

OBJECTIVE: Insulin-induced hypoglycaemia is the standard method for assessment of the hypothalamo-pituitary-adrenal (HPA) axis of patients with pituitary or hypothalamic disease. It has been claimed that a normal cortisol response to the 30-minute ACTH stimulation test (AST) obviates the need to perform the insulin stress test (IST) in these patients. The objective of our study was to compare both tests in a group of consecutive patients with pituitary disease. SUBJECTS AND METHODS: Thirty patients with pituitary disease were evaluated by standard IST (0.1 U of soluble insulin/kg body weight, i.v.) after fasting from midnight and AST (250 micrograms synacthen, i.v.). In the IST, a plasma glucose of < 2.2 mmol/l was taken as the hypoglycaemic threshold and blood was collected at 0, 30, 60, 90 and 120 minutes. In the AST blood was collected at 0 and 30 minutes. Serum cortisol was measured by standard radioimmunoassay and glucose by the glucose oxidase method. Cortisol responses to the stimuli were compared at cut-off levels of 550, 500, 450 and 400 nmol/l. RESULTS: At 550 nmol/l, out of 30 patients, 17 showed an abnormal IST of whom 9 had normal responses to AST (53%). At 500 nmol/l, 12 patients had an abnormal IST of whom 6 had normal AST (50%). At 450 nmol/l, of 9 patients with an abnormal IST, 5 had a normal AST (56%). At 400 nmol/l, 5 patients had an abnormal IST all of whom (100%) showed a normal AST. CONCLUSION: There is a clear discrepancy between the results of the two tests at different cortisol cut-off levels. The ACTH stimulation test is not reliable for assessing the HPA axis in patients with pituitary disease and the insulin stress test remains the standard method. (i.e. the ACTH test does not rule out partial central hypothalamic/pituitary adrenal insufficiency-HHL)
Andrioli M, Pecori Giraldi F, Cavagnini F. Isolated corticotrophin deficiency. Pituitary. 2006;9(4):289-95.

Isolated ACTH deficiency (IAD) is a rare disorder, characterized by secondary adrenal insufficiency (AI) with low or absent cortisol production, normal secretion of pituitary hormones other than ACTH and the absence of structural pituitary defects. In adults, IAD may appear after a traumatic injury or a lymphocytic hypophysitis, the latter possibly due to autoimmune etiology. Conversely, a genetic origin may come into play in neonatal or childhood IAD. Patients with IAD usually fare relatively well during unstressed periods until intervening events spark off an acute adrenal crisis presenting with non specific symptoms, such as asthenia, anorexia, unintentional weight loss and tendency towards hypoglycemia. Blood chemistry may reveal mild hypoglycemia, hyponatremia and normal-high potassium levels, mild anemia, lymphocytosis and eosinophilia. Morning serum cortisol below 3 microg/dl are virtually diagnostic for adrenal insufficiency. whereas cortisol values comprised between 5-18 microg/dl require additional investigations: insulin tolerance test (ITT) is considered the gold standard but-when contraindicated-high or low dose-ACTH stimulation test with serum cortisol determination provides a viable alternative. Plasma ACTH concentration and prolonged ACTH infusion test are useful in differential diagnosis between primary and secondary adrenal insufficiency. For some patients with mild, near-to-asymptomatic disease, glucocorticoid replacement therapy may not be required except during stressful events; for symptomatic patients, replacement doses i.e., mean daily dose 20 mg (0.30 mg/kg) hydrocortisone or 25 mg (0.35 mg/kg) cortisone acetate, are usually sufficient. Administration of mineralocorticoids is generally not necessary as their production is maintained. PMID: 17077949

Apostolova G, Schweizer RA, Balazs Z, Kostadinova RM, Odermatt A. Dehydroepiandrosterone inhibits the amplification of glucocorticoid action in adipose tissue. Am J Physiol Endocrinol Metab. 2005 May;288(5):E957-64.

Dehydroepiandrosterone (DHEA) exerts beneficial effects on blood glucose levels and insulin sensitivity in obese rodents and humans, resembling the effects of peroxisome proliferator-activated receptor-gamma (PPARgamma) ligands and opposing those of glucocorticoids; however, the underlying mechanisms remain unclear. Glucocorticoids are reactivated locally by 11beta-hydroxysteroid dehydrogenase type 1 (11beta-HSD1), which is currently considered as a promising target for the treatment of obesity and diabetes. Using differentiated 3T3-L1 adipocytes, we show that DHEA causes downregulation of 11beta-HSD1 and dose-dependent reduction of its oxoreductase activity. The effects of DHEA were comparable with those of the PPARgamma agonist rosiglitazone but not additive. Furthermore, DHEA reduced the expression of hexose-6-phosphate dehydrogenase, which stimulates the oxoreductase activity of 11beta-HSD1. These findings were confirmed in white adipose tissue and in liver from DHEA-treated C57BL/6J mice. Analysis of the transcription factors involved in the DHEA-dependent regulation of 11beta-HSD1 expression revealed a switch in CCAAT/enhancer-binding protein (C/EBP) expression. C/EBPalpha, a potent activator of 11beta-HSD1 gene transcription, was downregulated in 3T3-L1 adipocytes and in liver and adipose tissue of DHEA-treated mice, whereas C/EBPbeta and C/EBPdelta, attenuating the effect of C/EBPalpha, were unchanged or elevated. Our results further suggest a protective effect of DHEA on adipose tissue by upregulating PPARalpha and downregulating leptin, thereby contributing to the reduced expression of 11beta-HSD1. In summary, we provide evidence that some of the anti-diabetic effects of DHEA may be caused through inhibition of the local amplification of glucocorticoids by 11beta-HSD1 in adipose tissue.

Arlt W, Rosenthal C, Hahner S, Allolio B. Quality of glucocorticoid replacement in adrenal insufficiency: clinical assessment vs. timed serum cortisol measurements. Clin Endocrinol (Oxf). 2006 Apr;64(4):384-9.

OBJECTIVE: Evaluation of glucocorticoid replacement quality in adrenal insufficiency (AI) relies primarily on clinical judgement and thus largely depends on the physician's expertise. It is a matter of debate whether cortisol day curves are of value in assessing glucocorticoid replacement quality. Here we compared the results of a structured clinical assessment to the outcome of repeated, timed serum cortisol measurements. DESIGN: Cross-sectional study in the outpatient department of a university teaching hospital. PATIENTS: Forty-six patients (19 men, 27 women, age range 16-76 years) with primary (n = 23) and secondary (n = 23) AI on stable replacement with a median dose of 37.5 mg cortisone acetate(30mg hydrocortisone-HHL) (range 25-50 mg) since 10 +/- 7 years (range 1-31 years). MEASUREMENTS: Clinical performance was scored by structured assessment of signs and symptoms, physical examination and routine biochemical tests. Serum cortisol was measured on two to three separate occasions in three timed samples after the morning glucocorticoid dose. Bone mineral density was measured in 15 patients with long-standing glucocorticoid replacement. RESULTS: Thirty-seven patients were considered well replaced, whereas clinical scores suggested over- or under-replacement in five and four, respectively. There was no correlation of the clinical score with total or body weight-adjusted glucocorticoid dose. The mean z score of serum cortisol differed significantly between under- and over-replaced patients (P < 0.05) but neither group differed significantly from well-replaced patients. Bone mineral density was normal in all patients studied. CONCLUSIONS: Our results suggest that serum cortisol day curves are of limited value in the monitoring of glucocorticoid replacement. Bone mineral density in AI is generally normal and does not require routine follow-up.(25mg cortisone acetate = 20mg hydrocortisone HHL)
Avgerinos PC, Cutler GB Jr, Tsokos GC, Gold PW, Feuillan P, Gallucci WT, Pillemer SR, Loriaux DL, Chrousos GP. Dissociation between cortisol and adrenal androgen secretion in patients receiving alternate day prednisone therapy. J Clin Endocrinol Metab. 1987 Jul;65(1):24-9.

To evaluate the hypothesis that chronic, low dose, alternate day prednisone treatment may suppress adrenal androgen secretion without causing long term suppression of the hypothalamic-pituitary-adrenal axis we studied seven patients with systemic lupus erythematosus who had been taking low dose (5-20 mg), alternate day prednisone therapy for at least 1 yr. Basal and ovine CRH (oCRH)-stimulated plasma ACTH, cortisol, and adrenal androgen levels were measured 12 h (day on) and 36 h (day off) after the most recent dose of prednisone, and the results were compared to those in seven age- and sex-matched normal subjects. The patients' basal ACTH and cortisol levels did not differ significantly from those in the normal subjects on either the day on or the day off prednisone treatment. By contrast, their basal adrenal androgen levels were significantly decreased compared to those in normal subjects on both the day on and the day off prednisone (P less than 0.05). The patients' oCRH-stimulated ACTH and cortisol levels on the day off prednisone did not differ from normal levels, but were significantly blunted during the day on prednisone (P less than 0.05). In contrast, the patient's oCRH-stimulated adrenal androgen levels were significantly decreased during both the day off and the day on prednisone (P less than 0.05). These findings are consistent with the hypothesis that chronic alternate day prednisone therapy, at doses close to or below replacement, suppresses adrenal androgen levels without long term suppression of the hypothalamic-pituitary-adrenal axis. Based upon these findings, we postulate that an alternate day regimen of prednisone might maintain the benefits while reducing the risks  of glucocorticoid therapy of adrenal hyperandrogenism. PMID: 3034956

Baltch AL, Hammer MC, Smith RP, Bishop MB, Sutphen NT, Egy MA, Michelsen PB. Comparison of the effect of three adrenal corticosteroids on human granulocyte function against Pseudomonas aeruginosa. J Trauma. 1986 Jun;26(6):525-33.

The effect of hydrocortisone, methylprednisolone, and dexamethasone on the phagocytic and bactericidal capabilities of normal human granulocytes (PMN) was studied under previously described optimal conditions for Pseudomonas aeruginosa, PA 1348A. At hydrocortisone and methylprednisolone concentrations of 1,000 micrograms/ml, delayed phagocytosis was clearly observed, whereas dexamethasone 400 micrograms/ml had no effect on phagocytosis. The bactericidal effect of PMN on PA 1348A was significantly reduced by all three corticosteroids at highest concentrations (p less than 0.05). However, the effect of methylprednisolone was greatest and that of dexamethasone was least evident, 25% and 10% reduction in PMN bactericidal activity, respectively. Following exposure to the highest concentrations of corticosteroids, TEM observations correlated well with the PMN functional assays. While the observations of PMN and bacteria in controls, hydrocortisone, and dexamethasone preparations were similar, evidence for incomplete phagocytosis, lack of vacuole coalescence, minimal disruption of bacterial cell walls, and dividing bacteria in phagosomes were evident in methylprednisolone preparations. These PMN functional and TEM observations suggest that of the three corticosteroids studied, methylprednisolone appears most deleterious to the PMN phagocytic and bactericidal activity.

Bangar V, Clayton RN. How reliable is the short synacthen test for the investigation of the hypothalamic-pituitary-adrenal axis? Eur J Endocrinol. 1998 Dec;139(6):580-3.

The best test for the assessment of the hypothalamic-pituitary-adrenal (HPA) axis remains a matter of controversy. We compared the performance of the short synacthen test (SST, 250 microg) with the insulin stress test (IST) to assess the reliability of the former as a first line test. Patients with pituitary disease underwent both the SST and the IST. The results in patients who had both tests within 4 weeks of each other, and where these were not separated by a therapeutic intervention, were compared. Basal, 30 and 60 min cortisol levels were obtained from the SST. Basal and maximal cortisol level after adequate hypoglycaemia (glucose<2.2 mmol/l) were recorded for the IST. Sixty-nine paired test results were available for analysis. With a 30 min 'pass' plasma cortisol value of 500 nmol/l on the SST, 7/69 (10%) patients who passed the SST failed the IST set at a 'pass' maximum value of 500 nmol/l. At a 'pass' cortisol value of 600 nmol/l on the SST, 3/69 (4%) who passed the SST failed the IST. Assuming the IST as the gold standard, the sensitivity of an SST 'pass' of 600 nmol/l is 85% with a specificity of 96%. During the conventional dose SST (250 microg) a 30 min plasma cortisol value of 600 nmol/l is more reliable than a value of 500 nmol/l, and using the former criterion the SST can safely be used as a first line test for the evaluation of the HPA axis in patients with pituitary disease. However, if the result is borderline or there is clinical suspicion of mild hypocorticotrophism an IST or other test of the HPA axis may be warranted. PMID: 9916860

Barbetta L, Dall'Asta C, Re T, Libe R, Costa E, Ambrosi B. J Comparison of different regimens of glucocorticoid replacement therapy in patients with hypoadrenalism. Endocrinol Invest. 2005 Jul-Aug;28(7):632-7. 


Since the optimal glucocorticoid replacement needs to avoid over and under treatment, the adequacy of different daily cortisone acetate (CA) doses was assessed in 34 patients with primary and central hypoadrenalism. The conventional twice CA 37.5 mg/day dose was administered to all patients (A regimen: 25 mg at 07:00 h, 12.5 mg at 15:00 h), while in 2 subgroups of 12 patients the dose was shifted on 2 thrice daily regimens (B: 25 mg at 07:00, 6.25 mg at 12: 00, 6.25 mg at 17:00; C: 12.5 mg, 12.5 mg, 12.5 mg). In other 12 patients the conventional dose was reduced to a thrice 25 mg/day administration (D regimen: 12.5 mg, 6.25 mg, 6.25 mg). In all patients, urinary free cortisol (UFC) excretion and cortisol day curves were evaluated. During the CA 37.5 mg administration, nadir cortisol levels were significantly higher with the thrice daily regimens (143 +/- 31 on B and 151 +/- 34 nmol/l on C) than with the conventional twice (85 +/- 16 nmol/l). Moreover, UFC, morning cortisol levels and mean cortisol day curves were similar in each group. Finally, during D regimen nadir cortisol levels were higher than in A and similar to B and C regimens. No difference in UFC and in cortisol day curves by reducing the CA dose was found. In conclusion, the thrice daily cortisone regimens, in which more physiological cortisol levels are achieved, perform better as replacement therapy. The administration of 25 mg/day CA confirms that replacement therapy is more adequate with a lower dose, particularly in patients with central hypoadrenalism. (as advocated by Dr. Jeffries—HHL)

Barbhaiya RH, Welling PG. Influence of food on the absorption of hydrocortisone from the gastrointestinal tract. Drug Nutr Interact. 1982;1(2):103-12.

Plasma levels of hydrocortisone were examined following single 60-mg oral doses to healthy male and female volunteers. The doses were administered following an overnight fast with 20 ml or 250 ml of water, or immediately following a standard breakfast. Plasma hydrocortisone levels in individual subjects were adequately described by a simple one-compartment kinetic model incorporating first-order drug absorption and elimination, and an absorption lag-time.  The absorption of hydrocortisone was delayed following the nonfasting treatment, compared to the fasting treatments. Peak drug levels in plasma were significantly reduced, and the time taken to achieve these levels was significantly increased when the hydrocortisone was ingested after food. In order to optimize the consistency of patient response to oral hydrocortisone therapy, the drug should be administered routinely on a fasted stomach. PMID: 6926818

Behan LA, Rogers B, Hannon MJ, O'Kelly P, Tormey W, Smith D, Thompson CJ, Agha A. Optimizing glucocorticoid replacement therapy in severely adrenocorticotropin-deficient hypopituitary male patients. Clin Endocrinol (Oxf). 2011 Oct;75(4):505-13. 

BACKGROUND: The optimal replacement regimen of hydrocortisone in adults with severe ACTH deficiency remains unknown. Management strategies vary from treatment with 15-30 mg or higher in daily divided doses, reflecting the paucity of prospective data on the adequacy of different glucocorticoid regimens. OBJECTIVE: Primarily to define the hydrocortisone regimen which results in a 24 h cortisol profile that most closely resembles that of healthy controls and secondarily to assess the impact on quality of life (QoL). DESIGN: Ten male hypopituitary patients with severe ACTH deficiency (basal cortisol <100 nm and peak response to stimulation <400 nm) were enrolled in a prospective, randomized, crossover study of 3 hydrocortisone dose regimens. Following 6 weeks of each regimen patients underwent 24 h serum cortisol sampling and QoL assessment with the Short Form 36 (SF36) and the Nottingham Health Profile (NHP) questionnaires. Free cortisol was calculated using Coolen's equation. All results were compared to those of healthy, matched controls. RESULTS: Corticosteroid binding globulin (CBG) was significantly lower across all dose regimens compared to controls (P < 0·05). The lower dose regimen C (10 mg mane/5 mg tarde) produced a 24 h free cortisol profile (FCP) which most closely resembled that of controls. Both regimen A(20 mg mane/10 mg tarde) and B(10 mg mane/10 mg tarde) produced supraphysiological post-absorption peaks. There was no significant difference in QoL in patients between the three regimens, however energy level was significantly lower across all dose regimens compared to controls (P < 0·001). CONCLUSIONS: The lower dose of hydrocortisone (10 mg/5 mg) produces a more physiological cortisol profile, without compromising QoL, compared to higher doses still used in clinical practice. This may have important implications in these patients, known to have excess cardiovascular mortality. PMID: 21521342 (Low CBG—the liver is apparently overdosed with any oral HC. Lower energy in all regimens compared with controls—either all were undertreated, in spite of serum levels, or patients also have undiagnosed or undertreated hypothyroidism. Also, patients were not taking oral T3 or DHEA, both of which strongly counteract cortisol and lead to higher HC does requirement—HHL)
Berg AL, Nilsson-Ehle P. ACTH lowers serum lipids in steroid-treated hyperlipemic patients with kidney disease. Kidney Int. 1996 Aug;50(2):538-42. 


The mechanisms behind secondary hyperlipidemia in patients with various chronic inflammatory diseases are not known in detail. We have recently demonstrated that ACTH exerts strong hypolipidemic effects in healthy volunteers. To test the clinical relevance of this finding, we administrated ACTH during three weeks to nine hyperlipidemic steroid-treated patients with kidney disease. Before administration of ACTH 1-24, plasma ACTH concentrations were low. Treatment with ACTH led to 20 to 50% reductions in serum concentrations of triglycerides, cholesterol, LDL cholesterol and Apo B as well as of Lp(a). HDL cholesterol and Apo A1 concentrations increased by 10 to 25%. HL activity in postheparin plasma decreased by about 40% and LPL activity, which was initially low, increased by about 140%. The effects of ACTH were similar in kidney transplant recipients and in patients with inflammatory kidney disease. Our results indicate that hyperlipidemia in steroid treated patients with kidney disease may at least partly be due to iatrogenic ACTH deficiency. (And WHY aren’t we using SQ Cortrosyn for therapy for secondary adrenal insufficiency!  Since the problem is lack of ACTH, we should replace that and NOT the cortisol!  I wrote the manufacturer of Cortrosyn to ask them that question—no response.--HHL)

Bilginer Y, Topaloglu R, Alikasifoglu A, Kara N, Besbas N, Ozen S, Bakkaloglu A. Low cortisol levels in active juvenile idiopathic arthritis. Clin Rheumatol. 2010 Mar;29(3):309-14. Epub 2009 Dec 15.

The aim of our study was to evaluate the neuroendocrine system in patients with juvenile idiopathic arthritis (JIA) regarding the activity of disease. Twenty-one JIA patients (mean age +/- standard deviation 10.5 +/- 4.1 years) were included. None of the patients was taking steroids or antitumor necrosis factor-alpha therapy during this study. Ten healthy volunteers and ten volunteers with upper respiratory tract infection composed the control groups. Furthermore, ten of the 21 JIA patients were also evaluated during the remission period. Erythrocyte sedimentation rate, C-reactive protein, adrenocorticotropic hormone (ACTH), cortisol, prolactin, insulin-like growth factor-1 (IGF-1), insulin-like growth factor-binding protein 3, free T3, free T4, thyroid-stimulating hormone, interleukin-6 (IL-6) levels, and 24-h urinary cortisol were evaluated both during the active period and remission. The median levels of ACTH and cortisol at 08:00 a.m. were significantly lower in patients with active JIA than patients in remission period and the control groups (p < 0.05). Furthermore, the median level of urine cortisol in active JIA patients was significantly lower than remission period and control groups (p < 0.05). The median level of IGF-1 was significantly lower in active patients than that of remission (p < 0.05). The median level of IL-6 in active JIA patients was significantly higher than those in remission and control groups (p < 0.05). Our preliminary study suggested that impaired secretion of adenohypophyseal hormones and distorted bilateral interactions between the immune and endocrine systems in JIA. Further studies are needed to clarify the consequences of the impaired hormone secretion in JIA. PMID: 20013015

Bjorntorp P, Rosmond R. Neuroendocrine abnormalities in visceral obesity.Int J Obes Relat Metab Disord. 2000 Jun;24 Suppl 2:S80-5. 

Central obesity is the subfraction which carries most of the risks for comorbidities. In this overview we suggest that this is due to neuroendocrine perturbations, where the hypothalamic-pituitary-adrenal (HPA) axis assumes a central role. The HPA axis is stimulated by central factors, which are often called stress. This is followed by discrete, periodical elevations of cortisol secretion during every day conditions. Such observations require diurnal measurements under undisturbed conditions. Saliva cortisol is useful for such purposes. It seems likely, based on cross-sectional observations in men and longitudinal studies in animals that a prolonged period of HPA axis stimulation is followed by a continuous degradation of the regulatory mechanisms. An end stage is a rigid cortisol secretion with low morning values. In parallel with this is a diminished function of the feed-back control as well as an inhibition of growth and sex steroid hormones. Evidence also suggests that the sympathetic nervous centers become activated in parallel. The net effects of this cascade of neuroendocrine-endocrine pertubations will be insulin resistance as well as visceral accumulation of body fat. These are effects of cortisol in combination with the diminished secretion of growth and sex steroid secretions, which in normal concentrations antagonize the cortisol effects. Blood pressure will also be elevated, which might be a consequence of central stimulation of the sympathetic nervous system, with added effects of insulin. What has developed is a hypothalamic arousal with the Metabolic Syndrome as a consequence. The feed-back regulation of the HPA axis has a key position in this chain of events. This control is mediated via glucocorticoid receptors in the lower parts of the brain. The gene for this receptor has shown polymorphisms which are associated with poorly regulated cortisol secretion, central obesity, insulin resistance and hypertension.
Bjorntorp P, Holm G, Rosmond R. Hypothalamic arousal, insulin resistance and Type 2 diabetes mellitus. Diabet Med. 1999 May;16(5):373-83.

AIMS: Type 2 diabetes mellitus (DM) develops when insulin resistance overcomes the capacity of compensatory insulin secretion. Insulin resistance may be induced via psychoneuroendocrine pathways, a possibility which has received little previous attention. METHODS: We have used salivary cortisol measurements to monitor the activity of the hypothalamic-pituitary-adrenal (HPA) axis, the major controller of hormones involved in the regulation of peripheral insulin sensitivity under everyday conditions. The influence of external challenges, as well as the sensitivity of feedback regulation, were followed in randomly selected middle-aged population samples. RESULTS: In health there is a rhythmicity of cortisol secretion, with a high plasticity and efficient feedback control. In contrast, a group of subjects were identified with a flat, rigid day curve and poor feedback control, who showed consistent abnormalities in stress-related cortisol secretion, including inhibited secretions of sex steroids and growth hormone; insulin resistance; abdominal obesity; elevated leptin levels; hyperglycaemia; dyslipidaemia and hypertension with elevated heart rate. The endocrine abnormalities are probably responsible for the anthropometric and metabolic abnormalities. The circulatory perturbations seem to be induced by a parallel activation of the central sympathetic nervous system suggesting an 'hypothalamic arousal syndrome', gradually developing into an independent risk for disease. An associated cluster of environmental factors, including psychosocial and socio-economic stress, traits of depression and anxiety, alcohol consumption and smoking, all factors known to activate hypothalamic centres, has been identified. A polymorphism of the glucocorticoid receptor gene, with 13.7% homozygotes in the male Swedish population, parallels receptor dysfunction, and may be responsible for the associated insulin resistance, central obesity and hypertension. CONCLUSIONS: This is the first detailed examination of psychoneuroendocrinological processes in the natural environment on a population basis in relation to somatic health. The results suggest that an hypothalamic arousal syndrome, with parallel activation of the HPA axis and the central sympathetic nervous system, is responsible for development of endocrine abnormalities, insulin resistance, central obesity, dyslipidaemia and hypertension, leading to frank disease, including Type 2 DM. We suggest that this syndrome is probably based on environmental pressures in genetically susceptible individuals.
Bleicken B, Hahner S, Ventz M, Quinkler M. Delayed diagnosis of adrenal insufficiency is common: a cross-sectional study in 216 patients. Am J Med Sci. 2010 Jun;339(6):525-31.

INTRODUCTION: Little information is available on patients with adrenal insufficiency (AI) in regard to complaints before diagnosis, time until correct diagnosis, false diagnosis, and professional changes due to the diagnosis. OBJECTIVE: We retrospectively evaluated circumstances before and at diagnosis of AI in patients with primary and secondary AI by using established Hospital Anxiety and Depression Scale, Short Form-36 and Giessen Complaint List (GBB-24) questionnaires, and a self-established general registration form. METHODS: In this cross-sectional study, questionnaire sets were available from 216 patients (primary AI, n = 99; secondary AI, n = 117). Time duration before treatment, underlying diagnoses, and disease symptoms were verified by questionnaires and review of medical records. Results regarding subjective health status (SHS) were compared with sex- and age-matched controls drawn from questionnaire-specific reference cohorts. RESULTS: Less than 30% of woman and 50% of men with AI were diagnosed within the first 6 months after onset of symptoms. Twenty percent of patients suffered >5 years before being diagnosed. More than 67% of patients consulted at least 3 physicians, and 68% were primarily false diagnosed. The most common false diagnoses were of psychiatric and gastrointestinal origin. Overall, patients with AI showed an impaired SHS compared with controls, and patients who were diagnosed correctly within 3 months showed a significantly better SHS. CONCLUSIONS: Because of the unspecific symptoms, diagnosis is often delayed, not recognized by physicians or diagnosed falsely. An early diagnosis is necessary and might positively influence SHS in patients with AI. PMID: 20400889

Bliesener N, Steckelbroeck S, Redel L, Klingmuller D. Dose distribution in hydrocortisone replacement therapy has a significant influence on urine free cortisol excretion. Exp Clin Endocrinol Diabetes. 2003 Oct;111(7):443-6. 


We investigated the influence of dose distribution in hydrocortisone replacement therapy on urine free cortisol excretion. To this end, we measured 24-hour urine free cortisol (24-h UFC) in 13 patients with hypocortisolism. The patients took 25 mg hydrocortisone/day according to the following schedules: either a single 25 mg hydrocortisone dose at 8:00 a.m., or 15 mg hydrocortisone at 8:00 a.m. and 10 mg hydrocortisone at 2:00 p.m., or 5 mg hydrocortisone at 8:00 a.m., 10:00 a.m., 2:00 p.m., 6:00 p.m. and 10:00 p.m. 24-h UFC decreased significantly with increasing division of the daily 25 mg hydrocortisone dose. When taking 25 mg hydrocortisone in a single morning dose, the mean 24-h UFC was 649 +/- 52 nmol/day (mean +/- SEM). When the daily dose was divided into doses of 15 mg and 10 mg hydrocortisone, 24-h UFC was reduced by 28 % to 466 +/- 39 nmol/day (p < 0.002). After division into five doses of 5 mg, 24-h UFC was reduced by 42.8 % to 371 +/- 36 nmol/day (p < 0.001) compared to the single 25 mg dose. These data demonstrate that consideration of the dose distribution in hydrocortisone replacement therapy when analysing 24-h UFC is of clinical importance. (as advocated by Dr. Jeffries—HHL)

Bonfig W, Pozza SB, Schmidt H, Pagel P, Knorr D, Schwarz HP. Hydrocortisone dosing during puberty in patients with classical congenital adrenal hyperplasia: an evidence-based recommendation. J Clin Endocrinol Metab. 2009 Oct;94(10):3882-8. 

CONTEXT: Patients with congenital adrenal hyperplasia (CAH) are at risk for early pubertal development and diminished pubertal growth. Liberal treatment with glucocorticoids will prevent early puberty but may inhibit growth outright. OBJECTIVE: The aim of the study was to determine an optimal range for hydrocortisone dosing during puberty in children with classical CAH who were exclusively treated with hydrocortisone. METHODS: The effects of glucocorticoid treatment for classical CAH were retrospectively analyzed in 92 patients (57 females). Growth pattern, final height (FH), and mean daily hydrocortisone dose were recorded. RESULTS: Pubertal growth was significantly reduced in all patients: salt-wasting (SW) females, 13.8 +/- 7.4 cm; simple virilizing (SV) females, 13.1 +/- 6.2 cm; vs. reference, 20.3 +/- 6.8 cm (P < 0.05); and SW males, 17.7 +/- 6.7 cm; SV males, 16.2 +/- 5.7 cm; vs. reference, 28.2 +/- 8.2 cm (P < 0.05). Decreased pubertal growth resulted in FH at the lower limit of genetic potential (corrected FH in SW females, -0.6 +/- 0.9; SV females, -0.3 +/- 0.9; SW males, -0.8 +/- 0.8; and SV males, -1.0 +/- 1.0). During puberty, mean daily hydrocortisone dose was 17.2 +/- 3.4 mg/m(2) in females (SW, 17.0 +/- 3.3; SV, 17.4 +/- 3.5) and 17.9 +/- 2.5 mg/m(2) in males (SW, 17.4 +/- 2.0; SV, 18.7 +/- 3.1). In a logistic regression model, a significant correlation between hydrocortisone dose and FH was found (P < 0.01), and the positive predictive value for short stature rose from below 30% to above 60% when hydrocortisone dose exceeded 17 mg/m(2). CONCLUSION: With conventional hydrocortisone treatment, pubertal growth is significantly reduced in both sexes, resulting in a FH at the lower limit of genetic potential. These deleterious effects on pubertal growth can be reduced if hydrocortisone does not exceed 17 mg/m2. PMID: 19622620

Borges MH, Pinto AC, DiNinno FB, Camacho-Hübner C, Grossman A, Kater CE, Lengyel AM. IGF-I levels rise and GH responses to GHRH decrease during long-term prednisone treatment in man. J Endocrinol Invest. 1999 Jan;22(1):12-7.


Glucocorticoid excess is associated with a blunted GH response to GHRH. IGF-I levels in hypercortisolism are controversial and have been reported as low, normal or high. The aim of this study was to evaluate longitudinally time-dependent changes in the GH response to GHRH, IGF-I, IGFBP-3 and albumin values in patients during corticotherapy. Six patients received GHRH before and after one week and one month of prednisone administration (20-60 mg/d, orally). IGF-I, IGFBP-3 and albumin were determined in each test, at time 0. Ten normal controls were also evaluated in one occasion. There were no differences in basal GH values, GH response to GHRH, IGF-I and IGFBP-3 levels between controls and patients before starting corticotherapy. Albumin (g/l; mean+/-SE) values were lower in patients before treatment (31+/-4) than in controls (43+/-1). After one week of prednisone administration there was a significant decrease in peak GH (microg/l) levels (before: 18.8+/-7.4; 1 week: 5.0+/-1.3), which was maintained after one month (8.1+/-3.5). IGF-I (microg/l) levels increased significantly, from 145+/-23 to 205+/-52 after one week of therapy, reaching levels of 262+/-32 after one month. IGFBP-3 (mg/l) values did not increase significantly (before: 2.1+/-0.2; 1 week: 2.5+/-0.3; 1 month: 2.8+/-0.2). Albumin levels showed a significant rise both after one week (36+/-4) and one month (42+/-3) of corticotherapy. In summary, we observed a marked decrease in the GH response to GHRH after one week and one month of prednisone administration associated with an increase in circulating IGF-I and albumin values. The physiological implications of these findings are still uncertain. It is possible that glucocorticoids increase hepatic IGF-I and albumin synthesis, although other mechanisms may have a role.(This effect helps explain large rises in IGF-1 in cortisol insufficient patients given physiological cortisol doses---HHL)

Boscaro M, Betterle C, Sonino N, Volpato M, Paoletta A, Fallo F. Early adrenal hypofunction in patients with organ-specific autoantibodies and no clinical adrenal insufficiency. J Clin Endocrinol Metab. 1994 Aug;79(2):452-5. 


Idiopathic Addison's disease occurs frequently in association with other organ-specific autoimmune diseases, and autoantibodies to adrenal cortex are markers of this condition. A variable asymptomatic period with subtle adrenal dysfunction may precede the onset of clinical manifestations. We studied the pituitary-adrenal axis by measuring plasma ACTH, cortisol, and 17 alpha-hydroxyprogesterone after ovine CRH (100 micrograms as an iv bolus) stimulation in 19 patients with organ-specific autoimmune disease and adrenal autoantibodies, in whom adrenal steroids were normal under baseline conditions and normally responsive to a standard ACTH stimulation test (250 micrograms). In all subjects, oCRH produced a normal increase in plasma ACTH. Plasma cortisol, which was normoresponsive in 11 subjects, showed little or no increase in 8 subjects. Two of these patients developed overt adrenal failure after 1 yr. The 17 alpha-hydroxyprogesterone response to oCRH, tested in 10 of 19 patients, paralleled that of plasma cortisol, excluding a steroidogenic block at the 21-hydroxylase site. Our data demonstrate the existence of a very early phase of Addison's disease in which adrenal function shows an impaired response to ovine CRH-stimulated ACTH.(Just a lower ACTH dose than the supraphysiological 250mcg Cortrosyn injection.  The 1mcg Cortrosyn test may work just as well—HHL)

Boulton R, Hamilton MI, Dhillon AP, Kinloch JD, Burroughs AK. Subclinical Addison's disease: a cause of persistent abnormalities in transaminase values. Gastroenterology. 1995 Oct;109(4):1324-7. 


A common reason for referring patients to hepatologists is persistently abnormal serum transaminase levels with vague constitutional symptoms. In the United Kingdom, these abnormalities are most often caused by a fatty liver either related to obesity or alcohol abuse; they are less commonly caused by chronic liver disease, particularly chronic viral hepatitis, autoimmune hepatitis, or chronic biliary disease. Endocrine disease is rarely a cause of these abnormalities, although hypothyroidism and hyperthyroidism are well-recognized causes. Addison's disease has been only reported once in the literature by R. G. Olsson as a cause of increased transaminase levels associated with constitutional symptoms; it is not mentioned in textbooks on hepatology. Three patients with Addison's disease are reported here, all of whom had increased serum transaminase levels for more than 6 months before the recognition of the hypoadrenalism with resolution to normal after steroid replacement. Hepatologists should consider subclinical Addison's disease as a cause of persistently increased transaminase levels with constitutional symptoms in the absence of evidence for fatty liver as well as viral and autoimmune markers.

Bouwer C, Claassen J, Dinan TG, Nemeroff CB. Prednisone augmentation in treatment-resistant depression with fatigue and hypocortisolaemia: a case series. Depress Anxiety. 2000;12(1):44-50.


Abnormalities of the hypothalamic-pituitary-adrenal (HPA) axis have long been implicated in major depression with hypercortisolaemia reported in typical depression and hypocortisolaemia in some studies of atypical depression. We report on the use of prednisone in treatment-resistant depressed patients with reduced plasma cortisol concentrations. Six patients with treatment-resistant major depression were found to complain of severe fatigue, consistent with major depression, atypical subtype, and to demonstrate low plasma cortisol levels. Prednisone 7.5 mg daily was added to the antidepressant regime. Five of six patients demonstrated significant improvement in depression on prednisone augmentation of antidepressant therapy. Although hypercortisolaemia has been implicated in some patients with depression, our findings suggest that hypocortisolaemia may also play a role in some subtypes of this disorder. In treatment-resistant depressed patients with fatigue and hypocortisolaemia, prednisone augmentation may be useful.
Braatvedt GD, Joyce M, Evans M, Clearwater J, Reid IR. Bone mineral density in patients with treated Addison's disease. Osteoporos Int. 1999;10(6):435-40.

Some studies have reported low bone mineral density (BMD) in patients with Addison's disease, whereas others have found BMD to be normal. It is possible that over-replacement of corticosteroids and adrenal androgen deficiency may contribute to a reduction in BMD in these patients. The aims of this study were to examine BMD using dual-energy X-ray absorptiometry in patients with treated Addison's disease at multiple skeletal sites and to investigate the relationships between these measurements and corticosteroid dose. Nineteen men, 3 premenopausal and 7 postmenopausal women with Addison's disease were studied and data from these patients were analyzed separately and as a group. The mean SEM age and duration of Addison's disease of the men were 44 +/- 3.8 years and 15 +/- 2.2 years, in the premenopausal women 40 +/- 2 years and 5 +/- 2.4 years, and in the postmenopausal women 68 +/- 4 years and 20 +/- 5 years, respectively. Eight men were unexpectedly hypogonadal (serum testosterone <13 nmol/l). BMD was expressed as a percent of values in normal controls (n = 418) adjusted for age, sex, ethnic origin, menopausal status and body weight. In the whole group (n = 29), mean BMD of the patients with Addison's disease was not different from normal at any site [mean (+/- SEM) lumbar spine 99.5% +/- 2.9%; femoral neck 99.3% +/- 2.5%; Ward's triangle 96.2% +/- 3.5%; trochanter 99.2% +/- 2.9%; radius 99.8% +/- 2.1%; total body 98.5% +/- 1.4%]. However, there was a wide range of bone densities, with some patients having a low BMD at multiple sites. Bone density was negatively correlated with current and cumulative corticosteroid dose per kilogram body weight and duration of Addison's disease. In conclusion, BMD in patients with Addison's disease is little different from normal, but may be lower in patients with disease of long duration and a high cumulative corticosteroid dose. Unexpected hypogonadism in men with Addison's disease is common. PMID: 10663342

Bremner JD, Vythilingam M, Anderson G, Vermetten E, McGlashan T, Heninger G, Rasmusson A, Southwick SM, Charney DS.  Assessment of the hypothalamic-pituitary-adrenal axis over a 24-hour diurnal period and in response to neuroendocrine challenges in women with and without childhood sexual abuse and posttraumatic stress disorder. Biol Psychiatry. 2003 Oct 1;54(7):710-8.

BACKGROUND: Preclinical studies showed that early stress results in long-term alterations in the hypothalamic-pituitary-adrenal (HPA) axis. We performed a comprehensive assessment of the HPA axis in women with and without a history of early childhood sexual abuse and posttraumatic stress disorder (PTSD). METHODS: Fifty-two women with and without a history of early childhood sexual abuse and PTSD underwent a comprehensive assessment of the HPA axis, including measurement of cortisol in plasma every 15 min over a 24-hour period and cortisol and corticotropin (ACTH) following corticotropin-releasing factor (CRF) and ACTH challenge. RESULTS: Abused women with PTSD had lower levels of cortisol during the afternoon hours (12:00-8:00 PM) of a 24-hour period compared with non-PTSD women. Their ACTH response to a CRF challenge was blunted compared with nonabused non-PTSD (but not abused non-PTSD) women. There were no differences in cortisol response to CRF and ACTH challenges between the groups. Increased PTSD symptom levels were associated with low afternoon cortisol levels. CONCLUSIONS: These findings suggest that early abuse is associated with increased CRF drive as evidenced by decreased pituitary sensitivity to CRF, whereas in abuse with PTSD there is a specific hypocortisolemia that is most pronounced in the afternoon hours.

Bremner D, Vermetten E, Kelley ME. Cortisol, dehydroepiandrosterone, and estradiol measured over 24 hours in women with childhood sexual abuse-related posttraumatic stress disorder. J Nerv Ment Dis. 2007 Nov;195(11):919-27.

Preclinical studies have shown long-term alterations in several hormonal systems including cortisol, dehydroepiandrosterone (DHEA) and DHEA-Sulfate, and estradiol. The purpose of this study was to assess cortisol, DHEA, and estradiol over a 24-hour period in women with early childhood sexual abuse and posttraumatic stress disorder (PTSD); with early abuse and without PTSD; and women without early abuse or PTSD. Forty-three women with early childhood sexual abuse and PTSD, early abuse without PTSD, and without abuse or PTSD, underwent a comprehensive assessment of hormones in plasma at multiple time points over a 24-hour period. Abused women with PTSD had lower concentrations of cortisol during the afternoon hours (12-8 p.m.) compared with women with abuse without PTSD and women without abuse or PTSD. DHEA-Sulfate was elevated throughout the 24-hour period in PTSD women, although this was of marginal statistical significance. There were no differences between groups in DHEA or estradiol. PTSD women also had increased cortisol pulsatility compared with the other groups. These findings suggest that a resting hypocortisolemia in the afternoon hours with increased cortisol pulsatility is associated with childhood abuse-related PTSD in women.

Briscoe VJ, Ertl AC, Tate DB, Dawling S, Davis SN. Effects of a selective serotonin reuptake inhibitor, fluoxetine, on counterregulatory responses to hypoglycemia in healthy individuals.Diabetes. 2008 Sep;57(9):2453-60. 

OBJECTIVE: Hypoglycemia commonly occurs in intensively-treated diabetic patients. Repeated hypoglycemia blunts counterregulatory responses, thereby increasing the risk for further hypoglycemic events. Currently, physiologic approaches to augment counterregulatory responses to hypoglycemia have not been established. Therefore, the specific aim of this study was to test the hypothesis that 6 weeks' administration of the selective serotonin reuptake inhibitor (SSRI) fluoxetine would amplify autonomic nervous system (ANS) and neuroendocrine counterregulatory mechanisms during hypoglycemia. RESEARCH DESIGN AND METHODS: A total of 20 healthy (10 male and 10 female) subjects participated in an initial single-step hyperinsulinemic (9 pmol . kg(-1) . min(-1))-hypoglycemic (means +/- SE 2.9 +/- 0.1 mmol/l) clamp study and were then randomized to receive 6 weeks' administration of fluoxetine (n = 14) or identical placebo (n = 6) in a double-blind fashion. After 6 weeks, subjects returned for a second hypoglycemic clamp. Glucose kinetics were determined by three-tritiated glucose, and muscle sympathetic nerve activity (MSNA) was measured by microneurography. RESULTS: Despite identical hypoglycemia (2.9 +/- 0.1 mmol/l) and insulinemia during all clamp studies, key ANS (epinephrine, norepinephrine, and MSNA but not symptoms), neuroendocrine (cortisol), and metabolic (endogenous glucose production, glycogenolysis, and lipolysis) responses were increased (P < 0.01) following fluoxetine. CONCLUSIONS: This study demonstrated that 6 weeks' administration of the SSRI fluoxetine can amplify a wide spectrum of ANS and metabolic counterregulatory responses during hypoglycemia in healthy individuals. These data further suggest that serotonergic transmission may be an important mechanism in modulating sympathetic nervous system drive during hypoglycemia in healthy individuals. PMID: 18567822 (Basal cortisol levels were significantly increased (P<0.05) in the fluoxetine group (552 +/- 55 nmol/l) compared with those in the pretreatment and placebo groups (359 +/-27 and 304 +/- 55 nmol/l, respectively). Plasma cortisol responses were also significantly higher (1,242 +/- 110 and 883 +/- 55 nmol/l; P < 0.01) during the final 30 min of postfluoxetine versus pretreatment and following placebo (678 +/- 79 nmol/l). However, no significant differencesoccurred in the placebo group (Fig. 3).
Broadbear JH, Nguyen T, Clarke IJ, Canny BJ. Antidepressants, sex steroids and pituitary-adrenal response in sheep. Psychopharmacology (Berl). 2004 Sep;175(2):247-55. 

The importance of sex differences in major affective diseases such as depression is providing a new focus for investigating the interactions between sex, sex steroids and antidepressants. In this study, we examined the acute effects of sertraline, a selective serotonin reuptake inhibitor (SSRI) and imipramine, a tricyclic antidepressant (TCA) on the endocrine endpoints, adrenocorticotropin (ACTH) and cortisol secretion in gonadectomised male and female sheep. Each sheep was treated with an acute subcutaneous (s.c.) injection containing vehicle, sertraline (5 and 10 mg/kg), or imipramine (10 mg/kg) in the presence and absence of sex steroid replacement. In males, SSRI treatment consisted of testosterone (2 x 200 mg s.c. pellets), and in females, estradiol (1 cm s.c. implant) plus an intravaginal controlled internal drug release device containing 0.3 g progesterone. ACTH and cortisol were measured in jugular blood. Female sheep responded to sertraline treatment with dose-dependent ACTH and cortisol increases that were unchanged by sex steroid replacement. In castrated males, however, only the highest dose of sertraline increased ACTH and cortisol, and this increase was abolished in the presence of testosterone replacement. Imipramine affected neither ACTH nor cortisol secretion in either the sex or sex steroid condition. We conclude that the sex and sex steroid-related differences in the male and female responses to sertraline treatment may reflect sex and sex steroid dependent differences in serotonergic activation of the HPA axis. This highlights the potential significance of sex and circulating sex steroids in modulating neuroendocrine responses to antidepressants, and may have an impact on our understanding of the actions of these drugs in men and women.(i.e. many women improve on SSRI’s because the drugs boost their low cortisol levels!-HHL)

Brown ES, Suppes T, Khan DA, Carmody TJ 3rd. Mood changes during prednisone bursts in outpatients with asthma. J Clin Psychopharmacol. 2002 Feb;22(1):55-61.

Corticosteroids, such as prednisone and dexamethasone, are frequently prescribed medications sometimes associated with severe systemic side effects. Currently there are limited data regarding the psychiatric side effects of these medications, although mood changes and even psychoses have been reported. This study was designed to quantify psychiatric changes during brief courses of prednisone in patients with asthma. Outpatients with asthma (N = 32) receiving bursts of prednisone (>40 mg/day) were evaluated before, during, and after corticosteroid therapy by use of the Hamilton Rating Scale for Depression, the Young Mania Scale, the Brief Psychiatric Rating Scale, and the Internal State Scale. A Structured Clinical Interview for DSM-IV disorders was also conducted to examine past psychiatric history. Highly significant increases in the Young Mania Scale and Activation subscale of the Internal State Scale (both measures of mania) were observed with no increase in depression measures during the first 3 to 7 days of prednisone therapy. Mood changes were not correlated with improvement in airway obstruction, suggesting that mood elevations may not be in response to improvement in asthma symptoms. Subjects with past or current symptoms of depression had a significant decrease in depressive symptoms during prednisone therapy compared with those without depression. Some patients with posttraumatic stress disorder reported increases in depression and memories of the traumatic event during prednisone therapy. In summary, statistically significant changes in mood were observed even during brief courses of corticosteroids at modest dosages. The symptoms were primarily manic, not depressive. Persons with depression did not become more depressed during prednisone therapy, and, in fact, some showed improvement.

Bruno A, Carucci P, Cassader M, Cavallo-Perin P, Gruden G, Olivetti C, Pagano G. Serum glucose, insulin and C-peptide response to oral glucose after intravenous administration of hydrocortisone and methylprednisolone in man. Eur J Clin Pharmacol. 1994;46(5):411-5.

Glucocorticoid-induced glucose intolerance and insulin resistance are dependent on the type of steroid, its dose and route of administration. Although the intravenous (i.v.) route is used mainly, the effects of different steroids have so far been compared using the oral route. The present study was therefore planned to compare the effects on glucose metabolism of hydrocortisone (HC) and methylprednisolone (MP) administered i.v. at equivalent antiinflammatory doses in healthy subjects. Eighteen healthy volunteers with normal glucose tolerance, divided into three groups (A,B,C) matched for age, sex and body mass index were subjected to oral glucose tolerance tests (oGTT) 12 h after HC or MP i.v. injection. The two tests were performed at a 1-month interval and in random sequence. Group A received low doses (HC 100 mg, MP 20 mg), group B intermediate doses (HC 200 mg, MP 40 mg) and group C high doses (HC 400 mg, MP 80 mg). Serum glucose, insulin and C-peptide were measured during both fasting and oGTT. Serum glucose values were not significantly different after HC or MP, during both fasting and oGTT. However, there was a positive correlation between fasting serum glucose or the area under the glucose curve and the dose.kg-1 body weight of HC (r = 0.748; r = 0.462) and MP (r = 0.708; r = 0.736). Serum insulin values were significantly higher after MP than after HC when fasting (A: 115 vs 223; B: 95 vs 215, C: 158 vs 268 pmol.l-1) and as area under the oGTT curve (A: 57.8 vs 87; B: 48.5 vs 92.1; C:57.8 vs 94.5 pmol.l-1 x 2 h).(ABSTRACT TRUNCATED AT 250 WORDS) (At the usually-considered equivalent dose ratio of 1:5, MP causes much more insulin resistance than hydrocortisone—HHL)

Bryan SM, Honour JW, Hindmarsh PC. Management of altered hydrocortisone pharmacokinetics in a boy with congenital adrenal hyperplasia using a continuous subcutaneous hydrocortisone infusion. J Clin Endocrinol Metab. 2009 Sep;94(9):3477-80.

BACKGROUND: Conventional hydrocortisone dosing schedules do not mimic the normal circadian rhythm of cortisol, making it difficult to optimize treatment in congenital adrenal hyperplasia (CAH). CASE DETAILS: We report a 14.5-year-old boy with CAH who had reduced bioavailability [42% (normal 80% orally and 100% by im route)] and increased clearance [half-life 50 min (normal range, 70-100 min)] of oral doses of hydrocortisone leading to ambient serum 17-hydroxyprogesterone concentrations of 400 nmol/liter (14.5 ng/ml) and androstenedione concentrations of 24.9 nmol/liter (7.1 ng/ml). INTERVENTION: Using a continuous but variable sc hydrocortisone infusion via an insulin pump, rapid control of his CAH was attained with a normal cortisol circadian profile. Average daily hydrocortisone dose was 17.4-18.6 mg/m(2), which produces on average 24-h serum cortisol and 17-hydroxyprogesterone concentrations of 316 nmol/liter (115 ng/ml) and 4.3 nmol/liter (1.4 ng/ml), respectively. Therapy has been maintained over 4 yr with suppression of normal adrenal androgen production and normal progression through puberty. CONCLUSIONS: Continuous sc infusion of hydrocortisone may prove a valuable adjunct to therapy for CAH, particularly in patients requiring high doses of oral hydrocortisone and in those with abnormal hydrocortisone pharmacokinetics. PMID: 19567522

Buijs RM, Wortel J, Van Heerikhuize JJ, Feenstra MG, Ter Horst GJ, Romijn HJ, Kalsbeek A. Anatomical and functional demonstration of a multisynaptic suprachiasmatic nucleus adrenal (cortex) pathway. Eur J Neurosci. 1999 May;11(5):1535-44.


In view of mounting evidence that the suprachiasmatic nucleus (SCN) is directly involved in the setting of sensitivity of the adrenal cortex to ACTH, (and the sensitivity of the thyroid gland to TSH-HHL) the present study investigated possible anatomical and functional connections between SCN and adrenal. Transneuronal virus tracing from the adrenal revealed first order labelling in neurons in the intermedio-lateral column of the spinal cord that were shown to receive an input from oxytocin fibres and subsequently second-order labelling in neurons of the autonomic division of the paraventricular nucleus. The latter neurons were shown to receive an input from vasopressin or vasoactive intestinal peptide (VIP) containing SCN efferents. The true character of this SCN input to second-order neurons was also demonstrated by the fact that third-order labelling was present within the SCN, vasopressin or VIP neurons. The functional presence of the SCN-adrenal connection was demonstrated by a light-induced fast decrease in plasma corticosterone that could not be attributed to a decrease in ACTH. Using intact and SCN-lesioned animals, the immediate decrease in plasma corticosterone was only observed in intact animals and only at the beginning of the dark period. This fast decrease of corticosterone was accompanied by constant basal levels of blood adrenaline and noradrenaline, and is proposed to be due to a direct inhibition of the neuronal output to the adrenal cortex by light-mediated activation of SCN neurons. As a consequence, it is proposed that the SCN utilizes neuronal pathways to spread its time of the day message, not only to the pineal, but also to other organs, including the adrenal, utilizing the autonomic nervous system.

Buske-Kirschbaum A, Jobst S, Psych D, Wustmans A, Kirschbaum C, Rauh W, Hellhammer D. Attenuated free cortisol response to psychosocial stress in children with atopic dermatitis. Psychosom Med. 1997 Jul-Aug;59(4):419-26.

OBJECTIVE: Atopic dermatitis (AD) is an inflammatory skin disease characterized by a hyperactivity of the humoral immune system with an onset in infancy or early childhood. Although most of the research has focused on the pathophysiological role of the immune system in AD, the impact of endocrine signals in the pathology of AD has received only little attention. However, because the endocrine system may play a regulatory role in immune functioning, it might be of major interest to study endocrine reactivity in AD patients. The present two-part study investigated the relationship between adrenocortical stress response, heart rate response, and psychological parameters in children with AD. METHOD AND RESULTS: In Study 1, a protocol for induction of psychosocial stress in children aged 8 to 14 years was evaluated. Healthy children (N = 16) were exposed to the Trier Social Stress Test for Children (TSST-C) that mainly consists of public speaking and mental arithmetic tasks in front of an audience. Salivary cortisol was measured 35, 15, and 1 minute before as well as 1, 10, 20, and 30 minutes after the stress; heart rate was monitored continuously. Results showed that the protocol induced a highly significant increase in free cortisol response (p < .001) and heart rate (p < .001). In Study 2, the TSST-C was applied to AD children (N = 15) and age- and sex-matched healthy controls (N = 15). All patients were in remission and medication-free for at least 3 weeks. Again, the stress test induced significant increases in cortisol and heart rate. However, the AD children showed a significantly blunted cortisol response to the stressor compared with the control group (p < .05). Heart rate responses were similar in both experimental groups. Neither subjective stress ratings nor personality traits were related to the blunted cortisol response. CONCLUSIONS: These findings suggest that the adrenocortical response to stress is attenuated in atopic children. A hyporesponsive hypothalamus-pituitary-adrenal (HPA) axis might explain in part the stress-induced eruptions of AD symptoms.

Carr BR, Parker CR Jr, Madden JD, MacDonald PC, Porter JC. Plasma levels of adrenocorticotropin and cortisol in women receiving oral contraceptive steroid treatment. J Clin Endocrinol Metab. 1979 Sep;49(3):346-9.

The secretion rate and plasma concentration of the adrenocortical steroid cortisol is modified in subjects treated with estrogenic and/or progestational steroids. The effects of contraceptive steroids on the secretion of ACTH are poorly documented, however, In the current investigation, we found that concentrations of ACTH and cortisol in plasma obtained at 0800--0900 h from a group of women with normal cyclic menses (n = 4) ranged from 78--120 pg/ml and 77--137 ng/ml, respectively. Although significant cyclic changes in the plasma levels of LH, FSH, 17 beta-estradiol, and progesterone occurred during the ovarian cycle, no obvious cyclic fluctuations in plasma levels of ACTH or cortisol were observed. In women treated with Norinyl 1 + 80 (1.0 mg norethindrone plus 0.08 mg mestranol), plasma concentrations of LH, FSH, 17 beta-estradiol, and progesterone were significantly lower (P less than 0.001) than plasma levels of these hormones in normal women during the ovarian cycle. The mean daily plasma concentrations of ACTH were significantly lower (P less than 0.001), whereas plasma cortisol levels were significantly higher (P less than 0.001) in women treated with oral contraceptive steroids compared to the levels of these hormones in the untreated ovulatory women. PIP: The effects of oral contraceptive treatment on the pituitary-adrenal axis were studied. Secretion rate and plasma concentration of the adrenocortical steroid cortisol was modified in subjects treated with estrogenic and/or progestational steroids. Concentrations of adrenocorticotropin (ACTH) and cortisol in plasma obtained at 0800-0900 hours from a group of women with normal cyclic menses (n=4) ranged from 78-120 pg/ml and 77-137 pg/ml, respectively. Although significant cyclic changes in plasma levels of luteinizing hormone (LH) follicle stimulating hormone (FSH), estradiol, and progesterone occurred during the ovarian cycle, no obvious cyclic fluctuations in plasma levels of ACTH or cortisol were observed. Plasma concentrations of women treated with Norinyl 1 + 80 (1 mg of norethindrone and .08 mg of mestranol) of LH, FSH, estradiol, and progesterone were significantly lower (P .001) than plasma levels of these hormones in normal women during the ovarian cycle. Mean daily plasma concentrations of ACTH were significantly lower ( P .001), whereas plasma cortisol levels were significantly higher (P .001) in women treated with oral contraceptives compared to the levels of these hormones in untreated ovulatory women. PMID: 224073

Catley D, Kaell AT, Kirschbaum C, Stone AA. A naturalistic evaluation of cortisol secretion in persons with fibromyalgia and rheumatoid arthritis. Arthritis Care Res. 2000 Feb;13(1):51-61.

OBJECTIVE: To compare cortisol levels, diurnal cycles of cortisol, and reactivity of cortisol to psychological stress in fibromyalgia (FM) and rheumatoid arthritis (RA) patients in their natural environment, and to examine the effect on results of accounting for differences among the groups in psychological stress and other lifestyle and psychosocial variables. METHODS: Participants were 21 FM patients, 18 RA patients, and 22 healthy controls. Participants engaged in normal daily activities were signaled with a preprogrammed wristwatch alarm to complete a diary (assessing psychosocial- and lifestyle-related variables) or provide a saliva sample (for cortisol assessment). Participants were signaled to provide 6 diary reports and 6 saliva samples on each of two days. Reports of sleep quality and sleep duration were also made upon awakening. RESULTS: FM and RA patients had higher average cortisol levels than controls; however, there were no differences between the groups in diurnal cycles of cortisol or reactivity to psychological stress. While the groups differed on stress measures, surprisingly, the patient groups reported less stress. Furthermore, statistically accounting for psychosocial- and lifestyle-related differences between the groups did not change the cortisol findings. CONCLUSION: The results provide additional evidence of hypothalamic-pituitary-adrenal axis disturbance in FM and RA patients. While such elevations are consistent with other studies of chronically stressed groups, the elevations in cortisol in this study did not appear to be due to ongoing daily stress, and there was no evidence of disturbed cortisol reactivity to acute stressors. (Goes against my experience that FM and RA patients have lower cortisol levels on salivary testing—HHL)

Charmandari E, Johnston A, Brook CG, Hindmarsh PC. Bioavailability of oral hydrocortisone in patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. J Endocrinol. 2001 Apr;169(1):65-70.


The management of congenital adrenal hyperplasia due to 21-hydroxylase (CYP21) deficiency requires glucocorticoid substitution with oral hydrocortisone given twice or thrice daily. In paediatric practice little is known of the bioavailability of oral hydrocortisone tablets used in these patients. The aim of this study was to assess the bioavailability of oral hydrocortisone and to evaluate current replacement therapy in the light of cortisol pharmacokinetic properties. We determined the bioavailability of hydrocortisone following oral and intravenous administration in sixteen (median age: 10.9 years, range: 6.0-18.4 years) adequately controlled CYP21 deficient patients. Serum total cortisol concentrations were measured at 20-min intervals for 24 h while patients were on oral substitution therapy, and at 10-min intervals for 6 h following an intravenous bolus of hydrocortisone in a dose of 15 mg/m(2) body surface area. The area under the serum total cortisol concentration versus time curve (AUC) following oral and intravenous administration of hydrocortisone was calculated using the trapezoid method. The bioavailability was estimated by dividing the corrected for dose AUC after oral hydrocortisone administration by the corrected for dose AUC after the intravenous hydrocortisone administration and was exemplified as a percentage. After oral administration of hydrocortisone in the morning, median serum total cortisol concentrations reached a peak of 729.5 nmol/l (range: 492-2520 nmol/l) at 1.2 h (range: 0.3-3.3 h) and declined monoexponentially thereafter to reach undetectable concentrations 7 h (range: 5-12 h) after administration. Following administration of the evening hydrocortisone dose, median peak cortisol concentration of 499 nmol/l (range: 333-736 nmol/l) was attained also at 1.2 h (range: 0.3-3.0 h) and subsequently declined gradually, reaching undetectable concentrations at 9 h (5-12 h) after administration of the oral dose. After the intravenous hydrocortisone bolus a median peak serum total cortisol concentration of 1930 nmol/l (range: 1124-2700 nmol/l) was observed at 10 min (range: 10-20 min). Serum cortisol concentrations fell rapidly and reached undetectable levels 6 h after the hydrocortisone bolus. The absolute bioavailability of oral hydrocortisone in the morning was 94.2% (90% confidence interval (CI): 82.8-105.5%) whereas the apparent bioavailability in the evening was estimated to be 128.0% (90% CI: 119.0-138.0%). We conclude that the bioavailability of oral hydrocortisone is high and may result in supraphysiological cortisol concentrations within 1-2 h after administration of high doses. The even higher bioavailability in the evening, estimated using as reference the data derived from the intravenous administration of hydrocortisone bolus in the morning, is likely to reflect a decrease in the hydrocortisone clearance in the evening. Decisions on the schedule and frequency of administration in patients with congenital adrenal hyperplasia should be based on the knowledge of the bioavailability and other pharmacokinetic parameters of the hydrocortisone formulations currently available.

Chikanza IC, Petrou P, Kingsley G, Chrousos G, Panayi GS. Defective hypothalamic response to immune and inflammatory stimuli in patients with rheumatoid arthritis.  Arthritis Rheum. 1992 Nov;35(11):1281-8. 


OBJECTIVE. To determine the integrity of the hypothalamic-pituitary-adrenal (HPA) axis responses to immune/inflammatory stimuli in patients with rheumatoid arthritis (RA). METHODS. Diurnal secretion of cortisol and the cytokine and cortisol responses to surgery were studied in subjects with active RA, in subjects with chronic osteomyelitis (OM), and in subjects with noninflammatory arthritis, who served as controls. RESULTS. Patients with RA had a defective HPA response, as evidenced by a diurnal cortisol rhythm of secretion which was at the lower limit of normal in contrast to those with OM, and a failure to increase cortisol secretion following surgery, despite high levels of interleukin-1 beta (IL-1 beta) and IL-6. The corticotropin-releasing hormone stimulation test in the RA patients showed normal results, thus suggesting a hypothalamic defect, but normal pituitary and adrenal function. CONCLUSION. These findings suggest that RA patients have an abnormality of the HPA axis response to immune/inflammatory stimuli which may reside in the hypothalamus. This hypothalamic abnormality may be an additional, and hitherto unrecognized, factor in the pathogenesis of RA. (Ergo—they need physiological cortisol supplementation!--HHL)

Chiodini I, Torlontano M, Scillitani A, Arosio M, Bacci S, Di Lembo S, Epaminonda P, Augello G, Enrini R, Ambrosi B, Adda G, Trischitta V. Association of subclinical hypercortisolism with type 2 diabetes mellitus: a case-control study in hospitalized patients.  Eur J Endocrinol. 2005 Dec;153(6):837-44. 

OBJECTIVE: Subclinical hypercortisolism (SH) may play a role in several metabolic disorders, including diabetes. No data are available on the relative prevalence of SH in type 2 diabetes (T2D). In order to compare the prevalence of SH in T2D and matched non-diabetic control individuals, we performed a case-controlled, multicenter, 12-month study, enrolling 294 consecutive T2D inpatients (1.7% dropped out the study) with no evidence of clinical hypercortisolism and 189 consecutive age- and body mass index-matched non-diabetic inpatients (none of whom dropped out). DESIGN AND METHODS: Ascertained SH (ASH) was diagnosed in individuals (i) with plasma cortisol after 1 mg overnight dexamethasone suppression >1.8 microg/dl (50 nmol/l), (ii) with more than one of the following: (a) urinary free cortisol >60.0 microg/24 h (165.6 nmol/24 h), (b) plasma ACTH <10.0 pg/ml (2.2 pmol/l) or (c) plasma cortisol >7.5 microg/dl (207 nmol/l) at 24:00 h or >1.4 microg/dl (38.6 nmol/l) after dexamethasone-CRH (serum cortisol after corticotrophin-releasing hormone stimulus during dexamethasone administration) test, and (iii) in whom the source of glucocorticoid excess was suggested by imaging and by additional biochemical tests (for ACTH-dependent ASH). RESULTS: Prevalence of ASH was higher in diabetic individuals than in controls (9.4 versus 2.1%; adjusted odds ratio, 4.8; 95% confidence interval, 1.6-14.1; P = 0.004). In our population the proportion of T2D which is statistically attributable to ASH was approx. 7%. Among diabetic patients, the presence of severe diabetes (as defined by the coexistence of hypertension, dyslipidaemia and insulin treatment) was significantly associated with SH (adjusted odds ratio, 3.8; 95% confidence interval, 1.4-10.2; P = 0.017). CONCLUSIONS: In hospitalized patients, SH is associated with T2D.

Chriguer RS, Elias LL, da Silva IM Jr, Vieira JG, Moreira AC, de Castro M. Glucocorticoid sensitivity in young healthy individuals: in vitro and in vivo studies. J Clin Endocrinol Metab. 2005 Nov;90(11):5978-84. 

CONTEXT: Interindividual variation and tissue specificity of glucocorticoid (GC) sensitivity may occur in healthy subjects. OBJECTIVE AND PARTICIPANTS: The objective of this study was to evaluate the GC sensitivity in 40 healthy young subjects (21 women and 19 men; 22-42 yr old). DESIGN: We measured salivary and plasma cortisol levels before and after the administration of 0.25, 0.5, and 1 mg dexamethasone (DEX), given at 2300 h. We also evaluated the pattern of DEX-mediated inhibition of concanavalin A-stimulated peripheral blood mononuclear cell proliferation using different DEX doses, the number of binding sites, and the affinity of the GC receptor (Kd). RESULTS: The increasing DEX doses resulted in a dose-dependent decrease in cortisol levels. The majority of the subjects (70%) suppressed cortisol with DEX doses lower than 0.5 mg, and two did not suppress even with 1 mg DEX. The binding capacity was 4.1 +/- 0.3 fmol/mg protein, and the Kd was 8.1 +/- 1.3 nm. Four individuals presented with elevated Kd. Peripheral blood mononuclear cell proliferation was inhibited by DEX in a dose-dependent pattern. The median IC50 value was 7.1 x 10(-7) mol/liter. We found 77.5% (31 of 40) concordance among all three tests; 29 subjects showed all parameters between the 10th and 90th percentiles (P10-P90), one above P90, and one below P10. These two subjects could be classified as more GC resistant or sensitive, respectively. No concordance between in vivo and in vitro tests in two subjects suggested a tissue-specific sensitivity. CONCLUSIONS: This is the first report that, taking advantage of three bioassays performed on the same subject, demonstrated a considerable interindividual variability and tissue-specific GC sensitivity in a young healthy population. PMID: 16091495

Cleare AJ, Heap E, Malhi GS, Wessely S, O'Keane V, Miell J. Low-dose hydrocortisone in chronic fatigue syndrome: a randomised crossover trial. Lancet. 1999 Feb 6;353(9151):455-8.


BACKGROUND: Reports of mild hypocortisolism in chronic fatigue syndrome led us to postulate that low-dose hydrocortisone therapy may be an effective treatment. METHODS: In a randomised crossover trial, we screened 218 patients with chronic fatigue. 32 patients met our strict criteria for chronic fatigue syndrome without co-morbid psychiatric disorder. The eligible patients received consecutive treatment with low-dose hydrocortisone (5 mg or 10 mg daily) for 1 month and placebo for 1 month; the order of treatment was randomly assigned. Analysis was by intention to treat. FINDINGS: None of the patients dropped out. Compared with the baseline self-reported fatigue scores (mean 25.1 points), the score fell by 7.2 points for patients on hydrocortisone and by 3.3 points for those on placebo (paired difference in mean scores 4.5 points [95% CI 1.2-7.7], p=0.009). In nine (28%) of the 32 patients on hydrocortisone, fatigue scores reached a predefined cut-off value similar to the normal population score, compared with three (9%) of the 32 on placebo (Fisher's exact test p=0.05). The degree of disability was reduced with hydrocortisone treatment, but not with placebo. Insulin stress tests showed that endogenous adrenal function was not suppressed by hydrocortisone. Minor side-effects were reported by three patients after hydrocortisone treatment and by one patient after placebo. INTERPRETATION: In some patients with chronic fatigue syndrome, low-dose hydrocortisone reduces fatigue levels in the short term. Treatment for a longer time and follow-up studies are needed to find out whether this effect could be clinically useful.

Cohen PG. Estradiol induced inhibition of 11beta-hydroxysteroid dehydrogenase 1: an explanation for the postmenopausal hormone replacement therapy effects. Med Hypotheses. 2005;64(5):989-91.


The adverse and beneficial effects of postmenopausal hormone replacement therapy include: ischemic heart disease, stroke, pulmonary embolism, breast cancer, an increased rate of onset of asthma as well as reductions in the incidence of diabetes in women with known coronary artery disease and osteoporotic fractures. These varied effects can be explained by the down regulation of 11beta-hydroxysteroid dehydrogenase by estradiol, which results in a reduction of tissue specific cortisol production. The reduction in local cortisol production which diminishes the endogenous anti-inflammatory effects, also allows for the progression of both vascular and pulmonary inflammation. The decrease in cortisol activation reduces insulin resistance and anti-proliferative effects thereby reducing the potential for diabetes but allowing for the emergence of malignancy. Furthermore, the decreased local tissue availability of cortisol reduces the tendency for the development of osteoporosis. New techniques and drugs are being developed to evaluate the modulation of 11beta-HSD1 activity. Further study should result in new ways to control both inflammation and metabolism.

Cohen S, Janicki-Deverts D, Doyle WJ, Miller GE, Frank E, Rabin BS, Turner RB. Chronic stress, glucocorticoid receptor resistance, inflammation, and disease risk. Proc Natl Acad Sci U S A. 2012 Apr 17;109(16):5995-9.

We propose a model wherein chronic stress results in glucocorticoid receptor resistance (GCR) that, in turn, results in failure to down-regulate inflammatory response. Here we test the model in two viral-challenge studies. In study 1, we assessed stressful life events, GCR, and control variables including baseline antibody to the challenge virus, age, body mass index (BMI), season, race, sex, education, and virus type in 276 healthy adult volunteers. The volunteers were subsequently quarantined, exposed to one of two rhinoviruses, and followed for 5 d with nasal washes for viral isolation and assessment of signs/symptoms of a common cold. In study 2, we assessed the same control variables and GCR in 79 subjects who were subsequently exposed to a rhinovirus and monitored at baseline and for 5 d after viral challenge for the production of local (in nasal secretions) proinflammatory cytokines (IL-1β, TNF-α, and IL-6). Study 1: After covarying the control variables, those with recent exposure to a long-term threatening stressful experience demonstrated GCR; and those with GCR were at higher risk of subsequently developing a cold. Study 2: With the same controls used in study 1, greater GCR predicted the production of more local proinflammatory cytokines among infected subjects. These data provide support for a model suggesting that prolonged stressors result in GCR, which, in turn, interferes with appropriate regulation of inflammation. Because inflammation plays an important role in the onset and progression of a wide range of diseases, this model may have broad implications for understanding the role of stress in health. PMID: 22474371

Cucinelli F, Soranna L, Barini A, Perri C, Leoni F, Mancuso S, Lanzone A. Estrogen treatment and body fat distribution are involved in corticotropin and cortisol response to corticotropin-releasing hormone in postmenopausal women. Metabolism. 2002 Feb;51(2):137-43.

To assess the effect of transdermal estrogen substitution on the hypothalamic-pituitary-adrenal (HPA) axis responsiveness/sensitivity and the impact of the antrophometric characteristics on these parameters, 20 postmenopausal women seeking treatment for the relief of postemenopausal symptoms were studied. They received transdermal 50 microg/d estradiol for 12 weeks (estrogen replacement therapy [ERT]). Patients were classified as low waist-to-hip ratio (WHR) (peripheral fat distribution women; n = 12) and high WHR (central fat distribution women; n = 8) according to the cut-off value of 0.85. Plasma hormone and lipid concentration were assessed at baseline and after 12 weeks of treatment. Results were compared with a group of 8 placebo-treated patients who served as controls. Corticotropin (ACTH) and cortisol (F) were expressed as fasting values, area under the curve (AUC), and time course over 90 minutes after corticotropin-releasing hormone (CRH) intravenous (IV) bolus (1 microg/kg body weight [BW]). Adrenal sensitivity to CRH stimulus was expressed as time course over 90 minutes and AUC of the F/ACTH molar ratio. The plasma F levels in response to ACTH stimulation did not change after ERT; however, a highly significant improvement of adrenal sensitivity was observed (P <.01). In fact, estrogen treatment significantly decreased the amount of ACTH produced after CRH stimulation, both as absolute time course and AUC (P <.01). No significant change was observed in controls. Considering body fat distribution, the high WHR group showed higher ACTH (P <.01), lower F/ACTH values, and superimposable F plasma values compared with the low WHR group. Estrogen treatment induced a significant ACTH reduction after CRH (P <.01) only in the high WHR group, whereas cortisol response was similar in both groups both before and after treatment. A significant negative correlation was found between WHR and adrenal sensitivity before treatment. ERT significantly improved adrenal sensitivity only in the low WHR group (P <.01). These data suggest that different mechanisms can prevail in the control of the HPA axis in menopause. Estrogens could exert different effects on the hypothalamic-pituitary axis, as well as on adrenal function, and these changes seem to be partially dependent on the pattern of body fat distribution. PMID: 11833038

Cutolo M, Straub RH, Foppiani L, Prete C, Pulsatelli L, Sulli A, Boiardi L, Macchioni P, Giusti M, Pizzorni C, Seriolo B, Salvarani C. Adrenal gland hypofunction in active polymyalgia rheumatica. effect of glucocorticoid treatment on adrenal hormones and interleukin 6. J Rheumatol. 2002 Apr;29(4):748-56.

OBJECTIVE: To evaluate hypothalamic-pituitary-adrenal (HPA) axis function in patients with recent onset polymyalgia rheumatica (PMR) not previously treated with glucocorticoids; and to detect possible correlations between adrenal hormone levels, interleukin 6 (IL-6), and other acute phase reactants at baseline and during 12 months of glucocorticoid treatment. METHODS: Forty-one PMR patients of both sexes with recent onset disease and healthy sex and age matched controls were enrolled into a longitudinal study. Patients were monitored for serum cortisol, dehydroepiandrosterone sulfate (DHEAS), androstenedione (ASD), and clinical and laboratory measures of disease activity such as C-reactive protein and IL-6 concentrations at baseline and after 1, 3, 6, 9 and 12 months of glucocorticoid treatment. To assess dynamic HPA axis function, serum cortisol and plasma adrenocorticotropic hormone (ACTH) levels were evaluated in another 8 patients with recent onset PMR not treated with glucocorticoid in comparison to controls after challenge with ovine corticotropin releasing hormone (oCRH) test. In addition, serum cortisol and 17-hydroxyprogesterone (17-OHP) levels were evaluated after stimulation with low dose (1 microg) intravenous ACTH. RESULTS: Serum cortisol and ASD levels of all PMR patients at baseline did not differ from controls. During followup, cortisol levels dipped at one and 3 months. Serum DHEAS levels in all patients were significantly lower than in controls at baseline. In female PMR patients a significant correlation was found at baseline between cortisol levels and duration of disease. Serum concentrations of IL-6 at baseline were significantly higher in PMR patients than in controls. During 12 months of glucocorticoid treatment IL-6 levels dropped significantly at one month; thereafter they remained stable and did not increase again despite tapering of the glucocorticoid dose. After oCRH stimulation, a similar cortisol response was found in patients and controls. After ACTH administration, a significant cortisol peak was detected in patients and controls, whereas no significant difference in cortisol area-under-the-curve (AUC) was found between the groups. In contrast, ACTH induced a significantly higher (p < 0.05) peak of 17-OHP and AUC in PMR patients than in controls. CONCLUSION: This study found reduced production of adrenal hormones (cortisol, DHEAS) at baseline in patients with active and untreated PMR. The defect seems mainly related to altered adrenal responsiveness to the ACTH stimulation (i.e., increased 17-OHP), at least in untreated patients. The 12 month glucocorticoid treatment of patients reduced the production of inflammatory mediators (i.e., IL-6) in a stable manner that persisted after glucocorticoids were tapered.

Cutolo M, Sulli A, Pizzorni C, Secchi ME, Soldano S, Seriolo B, Straub RH, Otsa K, Maestroni GJ. Circadian rhythms: glucocorticoids and arthritis.  Ann N Y Acad Sci. 2006 Jun;1069:289-99. 


Circadian rhythms are driven by biological clocks and are endogenous in origin. Therefore, circadian changes in the metabolism or secretion of endogenous glucocorticoids are certainly responsible in part for the time-dependent changes observed in the inflammatory response and arthritis. More recently, melatonin (MLT), another circadian hormone that is the secretory product of the pineal gland, has been found implicated in the time-dependent inflammatory reaction with effects opposite those of cortisol. Interestingly, cortisol and MLT show an opposite response to the light. The light conditions in the early morning have a strong impact on the morning cortisol peak, whereas MLT is synthesized in a strictly nocturnal pattern. Recently, a diurnal rhythmicity in healthy humans between cellular (Th1 type) or humoral (Th2 type) immune responses has been found and related to immunomodulatory actions of cortisol and MLT. The interferon (IFN)-gamma/interleukin (IL)-10 ratio peaked during the early morning and correlated negatively with plasma cortisol and positively with plasma MLT. Accordingly, the intensity of the arthritic pain varies consistently as a function of the hour of the day: pain is greater after waking up in the morning than in the afternoon or evening. The reduced cortisol and adrenal androgen secretion, observed during testing in rheumatoid arthritis (RA) patients not treated with glucocorticoids, should be clearly considered as a "relative adrenal insufficiency" in the presence of a sustained inflammatory process, and allows Th1 type cytokines to be produced in higher amounts during the late night. In conclusion, the right timing (early morning) for the glucocorticoid therapy in arthritis is fundamental and well justified by the circadian rhythms of the inflammatory mechanisms.

Dadoun F, Darmon P, Achard V, Boullu-Ciocca S, Philip-Joet F, Alessi MC, Rey M, Grino M, Dutour A. Effect of sleep apnea syndrome on the circadian profile of cortisol in obese men. Am J Physiol Endocrinol Metab. 2007 Aug;293(2):E466-74.     

It has been hypothesized that sleep apnea syndrome (SAS) increases hypothalamic-pituitary-adrenal axis activity and, through increased cortisol levels, participates in the pathophysiology of metabolic and cardiovascular complications. We compared the circadian profiles of cortisol in obese men with [obSAS+; apnea-hypopnea index (AHI) >or= 20/h] and without SAS (obSAS-; AHI <or= 5/h). 1) Salivary cortisol (5 samples: before/30 min after dinner, 2100, upon/30 min after awakening) was measured in 15 obSAS+, 19 obSAS-, and 19 normal-weight controls (NWC). 2) Plasma cortisol (every 30 min for 24 h under highly controlled conditions and portable EEG device) was measured in 9 obSAS+, 8 obSAS-, and 10 NWC men. Visceral adipose tissue surface was measured by CT scan. In both studies, obSAS+ and obSAS- men were comparable for age, BMI, waist circumference, and waist-to-hip ratio. First, no difference was found, using ANOVA for repeated measures, between obSAS+ and obSAS- subjects for any salivary cortisol measurement. No correlation was found between salivary cortisol and AHI or nocturnal SaO(2). Similarly, obSAS+ and obSAS- men showed no difference in plasma cortisol rhythmicity: 24-h minimum, maximum, and mean, ANOVA for repeated measures, mathematical modeling of cortisol rhythm (COSINOR), and morning secretory peak. Conversely, ANOVA for repeated measures showed decreased cortisol levels in obese vs. NWC men during both the trough (2200-0130) and the peak (0600-0900) independently of SAS status. We show that SAS per se is not associated with any change of the level or of the features of salivary and plasma cortisol rhythmicity and confirm that men with visceral obesity display lower plasma cortisol levels than NWC men.

Da Silva JA, Jacobs JW, Kirwan JR, Boers M, Saag KG, Inês LB, de Koning EJ, Buttgereit F, Cutolo M, Capell H, Rau R, Bijlsma JW.  Safety of low dose glucocorticoid treatment in rheumatoid arthritis: published evidence and prospective trial data. Ann Rheum Dis. 2006 Mar;65(3):285-93. 

Adverse effects of glucocorticoids have been abundantly reported. Published reports on low dose glucocorticoid treatment show that few of the commonly held beliefs about their incidence, prevalence, and impact are supported by clear scientific evidence. Safety data from recent randomised controlled clinical trials of low dose glucocorticoid treatment in RA suggest that adverse effects associated with this drug are modest, and often not statistically different from those of placebo.  
DeBattista C, Posener JA, Kalehzan BM, Schatzberg AF. Acute antidepressant effects of intravenous hydrocortisone and CRH in depressed patients: a double-blind, placebo-controlled study. Am J Psychiatry. 2000 Aug;157(8):1334-7.

OBJECTIVE: The primary objective of this investigation was to examine the acute antidepressant effects of intravenous hydrocortisone and ovine corticotropin releasing hormone (CRH) infusions in patients with major depression. METHOD: Twenty-two patients who met DSM-III-R criteria for nonpsychotic major depression were randomly assigned to receive intravenously 1 mg/kg of ovine CRH, 15 mg of hydrocortisone, or saline under double-blind conditions on day 1. Standard depression rating scales were completed on day 1 before the study medications were administered and again the following day (day 2). RESULTS: Patients treated with hydrocortisone demonstrated a significantly greater reduction in total 21-item Hamilton Depression Rating Scale scores (mean reduction=8.4 points or 37%) than patients given ovine CRH (mean=1.2 points) or placebo (mean=1.3 points). CONCLUSIONS: Acute hydrocortisone infusion is associated with a rapid and robust reduction in depressive symptoms. The authors discuss the therapeutic implications of these findings.

De Kloet ER, Vreugdenhil E, Oitzl MS, Joëls M. Brain corticosteroid receptor balance in health and disease. Endocr Rev. 1998 Jun;19(3):269-301.

In this review, we have described the function of MR and GR in hippocampal neurons. The balance in actions mediated by the two corticosteroid receptor types in these neurons appears critical for neuronal excitability, stress responsiveness, and behavioral adaptation. Dysregulation of this MR/GR balance brings neurons in a vulnerable state with consequences for regulation of the stress response and enhanced vulnerability to disease in genetically predisposed individuals. The following specific inferences can be made on the basis of the currently available facts. 1. Corticosterone binds with high affinity to MRs predominantly localized in limbic brain (hippocampus) and with a 10-fold lower affinity to GRs that are widely distributed in brain. MRs are close to saturated with low basal concentrations of corticosterone, while high corticosterone concentrations during stress occupy both MRs and GRs. 2. The neuronal effects of corticosterone,(cortisol in humans) mediated by MRs and GRs, are long-lasting, site-specific, and conditional. The action depends on cellular context, which is in part determined by other signals that can activate their own transcription factors interacting with MR and GR. These interactions provide an impressive diversity and complexity to corticosteroid modulation of gene expression. 3. Conditions of predominant MR activation, i.e., at the circadian trough at rest, are associated with the maintenance of excitability so that steady excitatory inputs to the hippocampal CA1 area result in considerable excitatory hippocampal output. By contrast, additional GR activation, e.g., after acute stress, generally depresses the CA1 hippocampal output. A similar effect is seen after adrenalectomy, indicating a U-shaped dose-response dependency of these cellular responses after the exposure to corticosterone. 4. Corticosterone through GR blocks the stress-induced HPA activation in hypothalamic CRH neurons and modulates the activity of the excitatory and inhibitory neural inputs to these neurons. Limbic (e.g., hippocampal) MRs mediate the effect of corticosterone on the maintenance of basal HPA activity and are of relevance for the sensitivity or threshold of the central stress response system. How this control occurs is not known, but it probably involves a steady excitatory hippocampal output, which regulates a GABA-ergic inhibitory tone on PVN neurons. Colocalized hippocampal GRs mediate a counteracting (i.e., disinhibitory) influence. Through GRs in ascending aminergic pathways, corticosterone potentiates the effect of stressors and arousal on HPA activation. The functional interaction between these corticosteroid-responsive inputs at the level of the PVN is probably the key to understanding HPA dysregulation associated with stress-related brain disorders. 5. Fine-tuning of HPA regulation occurs through MR- and GR-mediated effects on the processing of information in higher brain structures. Under healthy conditions, hippocampal MRs are involved in processes underlying integration of sensory information, interpretation of environmental information, and execution of appropriate behavioral reactions. Activation of hippocampal GRs facilitates storage of information and promotes elimination of inadequate behavioral responses. These behavioral effects mediated by MR and GR are linked, but how they influence endocrine regulation is not well understood. 6. Dexamethasone preferentially targets the pituitary in the blockade of stress-induced HPA activation. The brain penetration of this synthetic glucocorticoid is hampered by the mdr1a P-glycoprotein in the blood-brain barrier. Administration of moderate amounts of dexamethasone partially depletes the brain of corticosterone, and this has destabilizing consequences for excitability and information processing. 7. The set points of HPA regulation and MR/GR balance are genetically programmed, but can be reset by early life experiences involving mother-infant interaction. 8. Chronically too low or chronically too high levels of corticosteroid hormones during stress and the resultant MR/GR imbalance impair information processing and enhance vulnerability of specific hippocampal neurons. Well documented animal studies show apoptotic cell death and altered neurogenesis after adrenalectomy in dentate gyrus, while hippocampal pyramidal CA3 neurons show atrophy during episodes of chronic stress. Therefore, it is proposed that the maintenance in corticosteroid homeostasis and the balance in MR/GR-mediated effects limit vulnerability to stress-related diseases in genetically predisposed individuals.9. Corticosteroids control the expression of “candidate vulnerability genes” in individuals genetically predisposed for stress-related diseases, such as depression.
Demir H, Tanriverdi F, Ozogul N, Calis M, Kirnap M, Durak AC, Kelestimur F. Evaluation of the hypothalamic-pituitary-adrenal axis in untreated patients with polymyalgia rheumatica and healthy controls. Scand J Rheumatol. 2006 May-Jun;35(3):217-23. 


OBJECTIVE: To explore the hypothalamic-pituitary-adrenal (HPA) axis in polymyalgia rheumatica (PMR). SUBJECTS AND METHODS: This study was carried out on 13 female patients with PMR who were diagnosed according to the criteria of Chuang et al (Ann Intern Med 1982;97:672-80) and 10 healthy female subjects in the Department of Physical Medicine and Rehabilitation, Erciyes University Medical School. In the patient and control groups, basal cortisol, adrenocorticotrophic hormone (ACTH), 17alpha-hydroxyprogesterone (17-OHP), 11-deoxycortisol (11-S), dehydroepiandrosterone sulfate (DHEAS), androstenedione (A), prolactin (PRL), and thyroid stimulating hormone (TSH) levels were measured. Cortisol, 17-OHP, 11-S and A responses after the low-dose (1 microg) ACTH stimulation test and cortisol and DHEAS responses after the dexamethasone suppression test were detected. We also measured acute phase reactants including C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). RESULTS: Age and sex characteristics were similar in both patient and control groups. The levels of basal hormones including cortisol, ACTH, 17-OHP, 11-S, DHEAS, A, prolactin and TSH and cortisol and DHEAS levels after the low-dose dexamethasone suppression test were not significantly different between the patient and control groups. However, cortisol/CRP and ACTH/CRP ratios were significantly lower in the patient group. Cortisol and DHEAS responses after the low-dose dexamethasone suppression test were not significantly different between the patient and control groups. Cortisol response after the 1 microg ACTH stimulation test was significantly lower in the patients than in the control group, but there were no significant differences in 17-OHP, 11-S and A responses between the patients and controls. Correlation analysis showed that there was a negative correlation between peak cortisol levels after the ACTH stimulation test and disease duration, and also a positive correlation between cortisol levels after the low-dose dexamethasone suppression test and acute phase reactants including CRP and ESR. CONCLUSION: A significant low cortisol response to ACTH stimulation was detected in the patients with PMR. In addition, a negative correlation after the 1 microg ACTH stimulation test between peak cortisol levels and disease duration was detected. These findings may indicate hypoactivation in the HPA axis.

De Nayer P, Dozin B, Vandeput Y, Bottazzo FC, Crabbe J. Altered interaction between triiodothyronine and its nuclear receptors in absence of cortisol: a proposed mechanism for increased thyrotropin secretion in corticosteroid deficiency states. Eur J Clin Invest. 1987 Apr;17(2):106-10.

Thyroid hormones occasionally appear less effective when administered alone to patients with panhypopituitarism, and manifestations suggestive of hypothyroidism have been reported in patients suffering from untreated Addison's disease. In the latter condition, thyrotropin secretion is increased: this occurs already after as little as 2 days of temporary withdrawal of therapy with substitution doses of corticosteroids while circulating levels of thyroid hormones remain within normal limits. Therefore, a possible role of cortisol in interaction between triiodothyronine and its nuclear receptors was examined at the level of circulating lymphocytes obtained from patients with primary or secondary adrenocortical failure. The affinity of these receptors was found to be decreased, by more than 50% on average, in the absence of cortisol treatments. This change was promptly corrected upon resumption of therapy. The number of binding sites was not significantly modified. The influence of cortisol on thyroid hormone receptors discussed here might account for the clinical observations mentioned above. PMID:     3108000

Derijk RH, de Kloet ER. Corticosteroid receptor polymorphisms: determinants of vulnerability and resilience. Eur J Pharmacol. 2008 Apr 7;583(2-3):303-11. 

Why some individuals thrive and others break down under similar adverse conditions, is a central question in the neuroendocrinology of stress related psychopathology. The brain mineralocorticoid (MR) and glucocorticoid receptors (GR) operate in balance to coordinate behavioural, autonomic and neuroendocrine response patterns involved in homeostasis and health. Genetic variants of both the MR and GR have been functionally characterized. The four GR-gene single nucleotide polymorphisms (SNPs) (ER22/23EK (allele frequency: 3%), N363S (4%), BclI (37%), A3669G (15%)) and the two MR-gene SNPs (-2 G/C (50%), MR-I180V (11%)) showed in vitro changes in transactivational capacity, or affect stability of the mRNA (GR exon 9beta A3669G). All of these MR-and GR-SNPs change the regulation of the hypothalamus-pituitary-adrenal (HPA) axis at different levels including basal level (-2 G/C), dexamethasone induced negative feedback (ER22/23EK, N363S, BclI, 9beta A3669G) or following a psychosocial stress test (Trier Social Stress Test (TSST); all of the MR-and GR-SNPs). Importantly, the MR-I180V increased autonomic output and enhanced cortisol secretion during the TSST. Recently, several of these MR-and GR-variants have been found associated with psychopathology (depression, bipolar disorder). These data provide evidence that dysregulation of MR and GR are causative in the pathogenesis of depression and that these MR-and GR-gene variants are part of the genetic make up that determines individual stress-responsivity and coping style, affecting vulnerability to disease.

Dover AR, Hadoke PW, Walker BR, Newby DE. Acute effects of glucocorticoids on endothelial fibrinolytic and vasodilator function in humans. J Cardiovasc Pharmacol. 2007 Sep;50(3):321-6.


Acute coronary events occur most commonly in the morning, when circadian variations dictate that endogenous fibrinolytic activity is low and cortisol levels are high. We hypothesized that glucocorticoids would impair the acute fibrinolytic capacity of the endothelium because chronic glucocorticoid excess is associated with a prothrombotic state and endothelial vasomotor dysfunction. Twelve healthy subjects attended on 3 occasions and received oral metyrapone followed by intravenous saline or low-dose or high-dose hydrocortisone. Forearm blood flow and fibrinolytic indices were measured using venous occlusion plethysmography during intrabrachial bradykinin, acetylcholine, and sodium nitroprusside infusion.Hydrocortisone infusion had no effect on systemic concentrations of plasminogen activator inhibitor type 1 (PAI-1) or tissue plasminogen activator (t-PA; P = 0.10 and 0.95, respectively). Bradykinin caused a dose-dependent increase in plasma t-PA concentrations (P < 0.0001) that was unaffected by systemic hydrocortisone administration. Intrabrachial infusions of bradykinin, acetylcholine, and sodium nitroprusside all caused dose-dependent increases in forearm blood flow (P < 0.05) that were unaltered by hydrocortisone infusions.Short-term variations in plasma cortisol concentrations within the physiological range do not affect endothelial fibrinolytic or vasomotor function in healthy volunteers. These findings suggest that glucocorticoids do not exert acute effects on endothelial function in vivo in humans.

Drafta D, Schindler AE, Stroe E, Neacsu E. Age-related changes of plasma steroids in normal adult males. J Steroid Biochem. 1982 Dec;17(6):683-7. 


Plasma cortisol, 17-hydroxyprogesterone (17-OH-P), testosterone (T), 5 alpha-dihydrotestosterone (DHT, estrone (E1) and estradiol (E2), were measured in 94 normal adult men aged between 20-99, using RIA methods after chromatographic separation of steroids on Sephadex LH-20 columns. All plasma steroids except 17-OH-P, were age dependent: cortisol, testosterone and DHT decreased significantly with age, whereas estrone and estradiol were significantly increased in elderly men. Cortisol, testosterone, T/DHT ratio and estradiol levels were significantly correlated with age. The age related changes of plasma steroids in elderly men, were suggestive of decreased cortisol secretion, and decreased testicular function with increased peripheral conversion of androgens into estrogens. Testosterone was positively correlated with its precursor (17-OH-P) and respectively its peripheral metabolites (DHT and E2). The negative correlation between estrone and 17-OH-P found in elderly men, suggested that increased estrogen level in aging males may be considered able to inhibit the testicular androgen production.
Dunne FP, Elliot P, Gammage MD, Stallard T, Ryan T, Sheppard MC, Stewart PM. Cardiovascular function and glucocorticoid replacement in patients with hypopituitarism. Clin Endocrinol (Oxf). 1995 Nov;43(5):623-9.

OBJECTIVE: Retrospective analysis suggests an increased mortality from cardiovascular disease in hypopituitary adults; GH deficiency has been postulated to account for this. However, glucocorticoid replacement doses of 30 mg/day of hydrocortisone (HC) may be excessive, and could therefore be implicated in the increased cardiovascular mortality in this group of patients. The aims of this study were to establish whether patients with hypopituitarism have any abnormalities of the cardiovascular system compared to a control group and whether any of these parameters might be improved by reducing the replacement dose of glucocorticoid. PATIENTS AND MEASUREMENTS: A prospective analysis of cardiovascular function was carried out in 13 patients with hypopituitarism on routine replacement therapy and 20 normal controls who were matched for age and body mass index (BMI). Twenty-four-hour ambulatory blood pressure (BP), erect and supine BP, echocardiography, forearm plethysmography and cardiovascular reflexes in response to tilt, Valsalva and isometric hand grip were performed on controls and on patients taking 30 mg/day of HC and repeated following a reduction in HC dose to 15 mg/day for 3 months. Weight, plasma and urinary electrolytes, 24-hour urinary cortisol excretion, glucose, HbA1C and pituitary function were also assessed on HC 30 mg/day and 15 mg/day. RESULTS: Mean 24-hour ambulatory BP, in addition to day and night time BP, was lower in patients than in controls (achieving statistical significance in the male subgroup) and did not change significantly with a reduction in HC dose. Erect and supine BP was also lower in patients compared to controls and there was no evidence of postural hypotension following a reduction in HC dose to 15 mg/day. Systolic and diastolic left ventricular dimensions, interventricular septal thickness, ejection fraction and fractional shortening were similar in controls and patients and did not alter with a reduction in HC dose. Systolic and diastolic BP and heart rate responded appropriately to all tests of cardiovascular reflexes (tilt, Valsalva and isometric handgrip) in hypopituitary patients though again measurements of systolic BP were significantly lower in patients during these tests, independent of HC dose. Forearm plethysmography was similar in patients receiving 30 mg of HC and controls but forearm blood flow increased significantly when the HC dose was reduced to 15 mg/day. There was no change in weight, plasma and urinary electrolytes, glucose and HbA1C or pituitary function in the patient group throughout the study. CONCLUSIONS: In contrast to other studies we have failed to confirm cardiovascular dysfunction in GH deficient hypopituitary adults. Indeed, cardiovascular protection may be conferred on this group by the lower BP levels. Although a reduction in hydrocortisone dose was well tolerated in all patients, it appeared to confer no additional clinical benefit over the 3-month study period. In view of the conflicting data on cardiovascular function in hypopituitary patients, further prospective mortality studies are required in patients with adult GH deficiency.

Ebrecht M, Buske-Kirschbaum A, Hellhammer D, Kern S, Rohleder N, Walker B, Kirschbaum C. Tissue specificity of glucocorticoid sensitivity in healthy adults. J Clin Endocrinol Metab. 2000 Oct;85(10):3733-9.

Contradicting data exist as to whether interindividual patterns in glucocorticoid (GC) sensitivity vary between different target tissues in humans. This study therefore measured GC sensitivity in 36 healthy subjects in three target tissues: the immune system; the cardiovascular system, and the hypothalamus-pituitary-adrenal axis. For this purpose, dexamethasone inhibition of lipopolysaccharide-induced interleukin-6 and tumor necrosis factor-alpha production in peripheral leukocytes, beclomethasone dipropionate-induced skin blanching, and suppression of cortisol levels after low-dose (0.5 mg) dexamethasone suppression test were determined in each subject. The results showed the expected glucocorticoid-induced suppression of interleukin-6 and tumor necrosis factor-alpha production (both P < 0.001), dose-dependent skin blanching (P < 0.001), and suppression of salivary cortisol response to awakening (P < 0.001). However, neither simple correlations nor cluster analysis revealed a significant association among the three bioassays for GC sensitivity. In contrast to the idea that interindividual variation in GC sensitivity is an intrinsic trait affecting all tissues, these results suggest that this variability is target tissue specific in healthy subjects. PMID: 11061532

Edwards AV, Jones CT. Autonomic control of adrenal function. J Anat. 1993 Oct;183 ( Pt 2):291-307.


Recent studies of adrenal function in conscious calves are reviewed. These have involved collecting the whole of the adrenal effluent blood from the right adrenal gland at intervals and, where necessary, prior functional hypophysectomy by destruction of the pituitary stalk under general halothane anaesthesia 3 d previously. The adrenal medulla was found to release numerous neuropeptides, in addition to catecholamines, in response to stimulation of the peripheral end of the right splanchnic nerve, which was carried out below behavioural threshold. Many of these responses were enhanced by stimulating intermittently at a relatively high frequency. Intra-aortic infusions of a relatively low dose of acetylcholine (4.5 nmol min-1 kg-1) elicited similar responses. In the adrenal cortex, agonists which either potentiated the steroidogenic response to ACTH or exerted a direct steroidogenic action included VIP, CGRP, CRF and ACh acting via muscarinic receptors. Stimulation of the peripheral end of the right splanchnic nerve strongly potentiated the steroidogenic response to ACTH and there is compelling evidence that the innervation normally plays an important part in cortisol secretion.

Eisalo A, Viranko M, Talanti S. THE EFFECT OF SU-4885 ON THE HYPOTHALAMO-HYPOPHYSEAL NEUROSECRETORY SYSTEM OF THE RAT. Acta Neuroveg (Wien). 1964;25:560-3

Summary  The effect of Su-4885 (metapyrone) on the hypothalamo-hypophyseal neurosecretory system of the rat was studied by histological means. No changes in the amount of the neurosecretory material or in the activity of the neurosecretory ganglion cells could be observed. It was concluded that the release of ACTH and the activity of the hypothalamo-hypophyseal system do not go in parallel.

Fehm HL, Holl R, Klein E, Voigt KH. The meal-related peak in plasma cortisol is not mediated by radioimmunoassayable ACTH. Clin Physiol Biochem. 1983;1(6):329-33.

There is evidence for the existence of ACTH-unrelated mechanisms in the regulation of cortisol secretion in man. The present study was designed to elucidate the interrelations between plasma ACTH and cortisol levels during the 'midday surge' in cortisol concentrations. For comparison, a 'midday surge' was imitated by infusing small amounts of ACTH in dexamethasone-suppressed subjects. The meal-related cortisol bursts were not preceded by an adequate increase in ACTH levels. In contrast, markedly elevated ACTH levels were necessary to produce a comparable cortisol peak by administration of ACTH. Apparently, the meal-related bursts in cortisol levels were not mediated by radioimmunoassayable ACTH. These findings argue against the classic concept that the adrenal cortex is inseparably linked to immediately preceding hormonal events occurring in the hypothalamo-pituitary system. PMID: 6094080

Fehm HL, Holl R, Steiner K, Klein E, Voigt KH. Evidence for ACTH-unrelated mechanisms in the regulation of cortisol secretion in man. Klin Wochenschr. 1984 Jan 2;62(1):19-24.

In an attempt to elucidate the significance of ACTH independent mechanisms in the regulation of cortisol secretion in man, the dynamics of plasma ACTH and cortisol levels were studied in response to different stimuli. The cortisol response to small amounts of exogenous ACTH and to insulin induced hypoglycemia was preceded by an increase in ACTH levels appropriate to explain the increase in cortisol. In contrast, after administration of methamphetamine, there was an increase in cortisol levels in the absence of any changes in ACTH concentrations. Apparently, the methamphetamine induced cortisol secretion was not mediated by radioimmunoassayable ACTH. A diurnal rhythm was observed for the responses to hypoglycemia and to methamphetamine with larger cortisol responses in the evening as compared to the forenoon. These changes were not accompanied by parallel changes in the ACTH responses. From these differences, additional evidence is provided for the importance of ACTH independent mechanisms in the regulation of cortisol secretion.

Fernald LC, Burke HM, Gunnar MR. Salivary cortisol levels in children of low-income women with high depressive symptomatology. Dev Psychopathol. 2008 Spring;20(2):423-36.

Children (N = 324 boys, 315 girls) between the ages of 2.5 and 6 (mean age = 3.63) were identified in a house to house survey in low-income areas (income <20th percentile nationally) of urban Mexico. The Center for Epidemiologic Studies-Depression Scale was administered to mothers of all children. Salivary cortisol samples were taken in children as a measure of hypothalamic-pituitary-adrenocortical (HPA) system activity at time of arrival (baseline, Time 0), 25 min after arrival (Time 1), and 50 min after arrival (Time 2). Between Time 0 and Time 1, children were administered several cognitive tests. Results of hierarchical linear modeling analyses revealed that higher levels of maternal depressive symptoms were associated with lower baseline cortisol levels in their children (p < .05), while controlling for age, gender, and time since awakening. Higher levels of maternal depressive symptoms were associated with less of an increase in salivary cortisol to the arrival of the experimenters and subsequent cognitive testing (p < .05). All results were moderated by gender, with enhanced cortisol response in girls and no response in boys. These results suggest that among very low-income families, high maternal depressive symptoms are associated with hypoactivity of the HPA system in children, particularly boys.

Filipsson H, Monson JP, Koltowska-Haggstrom M, Mattsson A, Johannsson G. The impact of glucocorticoid replacement regimens on metabolic outcome and comorbidity in hypopituitary patients. J Clin Endocrinol Metab. 2006 Oct;91(10):3954-61.
BACKGROUND: Hypopituitary patients with untreated GH deficiency and patients on inappropriately high doses of glucocorticoid (GC) share certain clinical features. OBJECTIVE: The aim of the study was to examine the influence of GC substitution on clinical characteristics in hypopituitary patients before and after GH replacement therapy. METHOD: A total of 2424 hypopituitary patients within the KIMS (Pfizer International Metabolic Database) were grouped according to ACTH status. Comparisons were performed between subjects on hydrocortisone (HC) (n = 1186), cortisone acetate (CA) (n = 487), and prednisolone/dexamethasone (n = 52), and ACTH-sufficient patients (AS) (n = 717) before and after 1 yr of GH treatment in terms of body mass index, waist and hip circumference, blood pressure, glucose, glycosylated hemoglobin (HbA1c), serum lipids, IGF-I, and comorbidity. Hydrocortisone equivalent (HCeq) doses were calculated, and measurements were adjusted for sex and age. RESULTS: At baseline, the HC group had increased total cholesterol, triglycerides, waist circumference, and HbA1c, and the prednisolone/dexamethasone group had increased waist/hip ratio as compared with AS. After HCeq dose adjustment, the HC group retained higher HbA1c than the CA group. GC-treated patients showed a dose-related increase in serum IGF-I, body mass index, triglycerides, low-density lipoprotein cholesterol and total cholesterol levels. Subjects with HCeq doses less than 20 mg/d (n = 328) at baseline did not differ from AS in metabolic endpoints. The 1-yr metabolic response to GH was similar in all GC groups and dose categories. All new cases of diabetes (n = 12), stroke (n = 8), and myocardial infarction (n = 3) during GH treatment occurred in GC-treated subjects. CONCLUSION: HCeq doses of at least 20 mg/d in adults with hypopituitarism are associated with an unfavorable metabolic profile. CA replacement may have metabolic advantages compared with other GCs. (Authors used traditional ratios for prednisone and dexamethasone, although studies show that that the synthetics have a higher rations when it comes to adverse effects, so many of the adverse effects seen with Hceq< or >20mg may have been due to these inappropriate ratios  Also DHEA was suppressed and not replaced, and it counteracts the negative metabolic effects of cortisol.—HHL)

Fonseca E, Basurto L, Velázquez S, Zárate A. Hormone replacement therapy increases ACTH/dehydroepiandrosterone sulfate in menopause.Maturitas. 2001 Jul 25;39(1):57-62.

OBJECTIVE:To demonstrate that hypoestrogenism in menopause is in part responsible for the decrease in circulating dehydroepiandrosterone sulfate (DHEA-S) and ACTH levels. To test this hypothesis, 25 postmenopausal women aged 47-60 years, were given orally conjugated equine estrogen (CEE) to study the effect on circulating DHEA-S, cortisol and ACTH. DESIGN: A prospective, non-blinded study was performed. Hormonal levels were analyzed before and after three cycles of CEE 0.625 mg/day for 21 days followed each by chlormadinone acetate for 5 days. RESULTS: Low baseline levels of DHEA-S increased significantly after HRT (1.71+/-0.75 to 3.3+/-1.5 micromol/l, (P<0.001). ACTH levels augmented moderately from 3.26+/-1.4 to 4.7+/-1.8 pmol/l (P<0.05) and cortisol from 350.4+/-118 to 450.8+/-144 nmol/l (P<0.01). A positive correlation was obtained between 17 beta-estradiol and ACTH (r=0.48), estradiol and cortisol (r=0.52) as well as estradiol and DHEA-S (r=0.60). In addition, the correlation was highly significant (P<0.001) between ACTH and DHEA-S at the term of HRT. CONCLUSION: HRT increased DHEA-S, ACTH and cortisol concentrations, which may suggest that this therapy may exert a stimulatory effect on the pituitary gland when baseline hypoestrogenism is present, but further studies are required to clarify the mechanism underlying this process. PMID: 1451621

Fries E, Hesse J, Hellhammer J, Hellhammer DH. A new view on hypocortisolism. Psychoneuroendocrinology. 2005 Nov;30(10):1010-6. 


Low cortisol levels have been observed in patients with different stress-related disorders such as chronic fatigue syndrome, fibromyalgia, and post-traumatic stress disorder. Data suggest that these disorders are characterized by a symptom triad of enhanced stress sensitivity, pain, and fatigue. This overview will present data on the development, mechanisms and consequences of hypocortisolism on different bodily systems. We propose that the phenomenon of hypocortisolism may occur after a prolonged period of hyperactivity of the hypothalamic-pituitary-adrenal axis due to chronic stress as illustrated in an animal model. Further evidence suggests that despite symptoms such as pain, fatigue and high stress sensitivity, hypocortisolism may also have beneficial effects on the organism. This assumption will be underlined by some studies suggesting protective effects of hypocortisolism for the individual.

Gaillard RC, Turnill D, Sappino P, Muller AF.  Tumor necrosis factor alpha inhibits the hormonal response of the pituitary gland to hypothalamic releasing factors. Endocrinology. 1990 Jul;127(1):101-6. 


Tumor necrosis factor alpha (TNF alpha), a monokine produced by activated macrophages and monocytes, may be an essential mediator of the pathogenesis and of the hormonal response to endotoxic shock. It has been suggested that an elevated level of TNF alpha is a marker for morbidity and mortality during septic shock, and that treatment with antibodies against TNF alpha decreases mortality. Because monokines have been shown to interact at the hypothalamic-pituitary level, we have studied the effect of TNF alpha on basal and stimulated hormone release from normal rat anterior pituitary cells. After 3 days of incubation, primary cultures of rat anterior pituitary cells were stimulated with either 0.5 ng/ml CRF, 3 ng/ml AVP, 10 ng/ml angiotensin II (AII), 10(-6) M TRF, 10(-8) M LHRH, or 10(-8) M GHRH, alone or in the presence of 20 or 50 ng/ml human or murine recombinant TNF alpha. The culture media were analyzed for ACTH, GH, LH, and PRL content. Each experiment was performed in triplicate and was repeated 3 to 8 times. Time-course experiments (n = 3) demonstrated that TNF alpha inhibited CRF-stimulated ACTH production over a period of 8, 16, and 24 h, but had no effect before a period of 4 h. At doses ranging from 1 to 100 ng/ml, TNF alpha did not affect basal ACTH secretion but inhibited CRF-stimulated ACTH release in a dose-dependent manner (ED50 approximately 10 ng/ml). At a dose of 50 ng/ml, TNF alpha inhibited AVP-stimulated ACTH release by 30% and blocked the effect of AII. TNF alpha (20 and 50 ng/ml) completely prevented the CRF-AVP potentiation of ACTH release. Similarly, TNF alpha inhibited the stimulated release of GH (100% inhibition), LH (35% inhibition), and PRL (100% inhibition). TNF alpha had no effect on the basal secretion of GH or LH but inhibited basal PRL in a dose-dependent manner. The administration of the monokine did not cause any cellular damage because 48 h after removal of the TNF alpha treatment the cells showed normal basal and stimulated hormone levels in response to their specific stimuli. Incubation of TNF alpha solutions with antibody to TNF alpha reversed all TNF alpha actions. These data suggest that TNF alpha inhibits the secretion of pituitary hormones and particularly suppresses the response of the corticotroph cells. This inhibitory effect may contribute to the increased mortality observed in cases of severe septic shock with high circulating TNF alpha levels. (TNF alpha reduces conversion of DHEA-S to DHEA.  DHEA supplementation reduces TNF alpha levels—and thus may improve ACTH secretion and cortisol levels.-- HHL)

Garde AH, Persson R, Hansen AM, Osterberg K, Orbæk P, Eek F, Karlson B. Effects of lifestyle factors on concentrations of salivary cortisol in healthy individuals.Scand J Clin Lab Invest. 2008 Nov 4:1-9.

Objective . Salivary cortisol is widely used in occupational health research. However, many ordinary daily activities can influence the concentrations of cortisol and the interpretation of field studies. The aim of the present study was to evaluate the effect of lifestyle factors on salivary cortisol in everyday settings. Material and methods . Healthy employees participated in one or more sub-studies on the effect of eating a vegetable salad versus protein-rich mid-day meal (n = 40), drinking coffee and smoking (n = 12), drinking alcohol (n = 32), awakening at different times (n = 29) and exercising (n = 21). Cortisol in saliva was measured by radioimmunoassay (RIA). Results . When eating a mid-day meal, salivary cortisol was increased by 10 % (CI -1 % to 24 %) 1 h after eating compared to before eating in the case of both types of meal. Salivary cortisol increased by 80 % (CI 9 % to 199 %) after exercising compared to before exercise. The relative awakening response was approximately 100 % when using an alarm clock on both work-days and days off. However, the awakening response was 39 % (CI 10 % to 75 %) on a day off with spontaneous awakening. No effects of alcohol, coffee or smoking were observed. Discussion . In field studies, the biological variation in salivary cortisol may be reduced by restricting physical exercise and in collecting pre-meal samples. However, the protein content of food and moderate consumption of alcohol had no effect on concentrations of cortisol. Differences in relative awakening responses on work-days and days off are related to time and mode of awakening.

Geiss A, Rohleder N, Kirschbaum C, Steinbach K, Bauer HW, Anton F. Predicting the failure of disc surgery by a hypofunctional HPA axis: evidence from a prospective study on patients undergoing disc surgery. Pain. 2005 Mar;114(1-2):104-17.

Patients with postoperative ongoing sciatic pain have been shown to exhibit reduced cortisol levels along with enhanced IL-6 levels. The aim of the present study was to clarify the relationship between a reduced cortisol secretion and enhanced cytokine levels by performing a prospective study on patients with disc herniation. Twenty-two patients were examined before and after their disc surgery. Twelve healthy, pain-free subjects matched for age, education and gender constituted the control group. The preoperative examinations included the assessment of the diurnal pattern of cortisol secretion and the feedback sensitivity of the hypothalamus-pituitary-adrenal (HPA) axis. Patients' subjective stress levels also were assessed during the preoperative examination. The diurnal pattern of cortisol secretion was again assessed during the postoperative examination. Furthermore, blood samples were collected to measure catecholamine, adrenocorticotropic hormone (ACTH)- and interleukin-6 (IL-6) levels before and after measuring the pressure pain thresholds (PPTs). An assessment of the sensitivity of circulating monocytes to the immunosuppressive effects of glucocorticoids was further included in the postoperative examinations. Failed back syndrome (FBS) patients (n=12) showed a reduced cortisol secretion in the morning hours and enhanced feedback sensitivity of the HPA axis. Furthermore, FBS patients displayed an increased in-vitro production of proinflammatory cytokines and a relative glucocorticoid resistance of pro-inflammatory cytokine producing monocytes as compared to non-FBS patients (n=10) and controls. After PPT measurement FBS patients exhibited an increased norepinephrine but decreased epinephrine response, together with lower ACTH levels and a four times higher plasma IL-6 response. These findings suggest that chronically stressed patients are at a higher risk for a poor surgical outcome as their reduced cortisol secretion promotes the postoperative ongoing synthesis of proinflammatory cytokines.

Gell JS, Oh J, Rainey WE, Carr BR.  Effect of estradiol on DHEAS production in the human adrenocortical cell line, H295R. J Soc Gynecol Investig. 1998 May-Jun;5(3):144-8. 


OBJECTIVE: To determine if estradiol regulates DHEA and DHEAS production in a human adrenocortical (H295R) cell line and to determine if this effect is receptor mediated. METHODS: NCI-H295 (H295R) cells were rinsed and placed in phenol red free Dulbecco's Modified Eagle's-F12 medium supplemented with 0.1% charcoal-stripped serum. After 24 hours, cells were rinsed and treated based on experimental design. The effects of estradiol were investigated by: 1) treatment of cells with increasing concentrations of estradiol (300-3000 nmol/L) with or without forskolin (10 mumol/L), 2) treatment of cells with the nonsteroidal synthetic estrogen diethylstilbestrol (DES) (300-3000 nmol/L) with or without forskolin (10 mumol/L), and 3) treatment of cells with an estradiol antagonist (ICI 182, 780) in the presence of estradiol. RESULTS: Estradiol alone increased the basal production of DHEAS in H295R cells in a concentration-dependent manner with a maximal effect at 1000 nmol/L. Forskolin treatment increased the basal production of DHEAS ten-fold. Estradiol also increased the forskolin stimulation of DHEAS production two-fold. In contrast, DES alone or DES in addition to forskolin did not stimulate DHEAS production. Estradiol, in contrast, inhibited H295R adrenal cell production of cortisol whereas DES exhibited a similar inhibition. The estrogen receptor antagonist ICI 182,780 was unable to inhibit the stimulatory effect of estradiol. Finally, estradiol in a concentration-dependent manner suppressed 3 beta-hydroxysteroid dehydrogenase (3 beta HSD) activity in H295R adrenal cells. CONCLUSION: These experiments support the role of estradiol in regulation DHEAS production by inhibiting 3 beta HSD activity; however, the mechanism appears to require high concentrations of estradiol and appears to be independent of the estrogen receptor. (3 beta HSD needed to make cortisol and androstenedione in adrenal gland.  Estradiol inhibits 3 beta HSD. This provides a mechanism for elevated estrogen to cause cortisol deficiency and allergies and autoimmune diseases. HHL)

Genazzani AR, Pluchino N, Begliuomini S, Stomati M, Bernardi F, Pieri M, Casarosa E, Palumbo M, Genazzani AD, Luisi M. Long-term low-dose oral administration of dehydroepiandrosterone modulates adrenal response to adrenocorticotropic hormone in early and late postmenopausal women. Gynecol Endocrinol. 2006 Nov;22(11):627-35.

OBJECTIVE: The aging process is associated with a decline in the circulating Delta5-androgen dehydroepiandrosterone (DHEA) and its sulfate ester, dehydroepiandrosterone sulfate (DHEAS). The present study aimed to evaluate the effects of a long-term (12 months) oral DHEA administration (25 mg/day) on adrenal function, before and after 3, 6 and 12 months of treatment. METHOD: Postmenopausal women belonging to two age groups, 50-55 years (n = 10) and 60-65 years (n = 10), were studied. Adrenal function was assessed in basal conditions, after suppression with dexamethasone (DXM) and following a stimulation test with adrenocorticotropic hormone (ACTH) (10 microg bolus). Serum levels of DHEA, DHEAS, androstenedione (Delta4-A), allopregnanolone, 17-hydroxyprogesterone (17-OHP) and cortisol were measured and the effects of DHEA supplementation on specific adrenal enzymatic pathways were evaluated by calculating precursor/product ratios (17-OHP/cortisol, 17-OHP/Delta4-A, DHEA/Delta4-A and DHEA/DHEAS). RESULTS: DHEA supplementation annulled the age-related differences in DHEA and DHEAS levels and induced a marked increase in all steroids, except for cortisol, after 3-6 months of treatment. Serum cortisol levels decreased from the 3rd month, both in younger and older subjects. DHEA supplementation did not affect DXM-induced suppression of adrenal steroidogenesis. During the treatment period all adrenal androgens and progestins showed a significant increase in their response to ACTH, while the cortisol response decreased significantly. The results suggest a significant DHEA-induced change in adrenal enzymatic activities, as also evidenced by the change in precursor/product ratios during therapy. CONCLUSION: Chronic DHEA administration is capable of modifying circulating levels of androgens and progestins in both early and late postmenopausal women by modulating the age-related changes in adrenal function.
Gibson N, Ferguson JW. Steroid cover for dental patients on long-term steroid medication: proposed clinical guidelines based upon a critical review of the literature. Br Dent J. 2004 Dec 11;197(11):681-5.

Based to a great extent upon mainly anecdotal case reports and theory, there is a general acceptance that patients on long-term systemic steroid medication should receive supplementary glucocorticoids or "steroid cover" when undergoing certain types of stressful treatment including dentistry. The theoretical basis to this practice is that exogenous steroids suppress adrenal function to an extent that insufficient levels of cortisol can be produced in response to stress, posing the risk of acute adrenal crisis with hypotension and collapse. The purpose of this paper is to review relevant literature and propose clinical guidelines for dental practitioners. Of numerous reported cases of adrenal crisis following procedural interventions, few stand up to critical evaluation. Other reviewers have reached similar conclusions. A number of studies confirm the low likelihood of significant adrenal insufficiency even following major surgical procedures. Various authors have suggested modified guidelines for management of patients on steroid medications. Patients on long-term steroid medication do not require supplementary "steroid cover" for routine dentistry, including minor surgical procedures, under local anaesthesia. Patients undergoing general anaesthesia for surgical procedures may require supplementary steroids dependent upon the dose of steroid and duration of treatment.

Giese-Davis J, Sephton SE, Abercrombie HC, Duran RE, Spiegel D. Repression and high anxiety are associated with aberrant diurnal cortisol rhythms in women with metastatic breast cancer. Health Psychol. 2004 Nov;23(6):645-50. 


Previous research has provided evidence of autonomic, endocrine, and immunological dysregulation in repressers and a possible association with cancer incidence and progression. Recently published data from the authors' laboratory demonstrated that flatter diurnal cortisol slopes were a risk factor for early mortality in women with metastatic breast cancer. In the current analysis of this same sample (N=91), the authors tested differences at baseline between groups scored using the Weinberger Adjustment Inventory on diurnal cortisol slope and mean cortisol levels. When compared with self-assured and nonextreme groups, the represser and high-anxious groups had a significantly flatter diurnal slope. Diurnal slope was similar for repressers and high-anxious groups. Groups did not differ on mean cortisol levels, nor did they differ on intercept (morning) values. ((c) 2004 APA, all rights reserved).

Gill J, Vythilingam M, Page GG. Low cortisol, high DHEA, and high levels of stimulated TNF-alpha, and IL-6 in women with PTSD. J Trauma Stress. 2008 Dec;21(6):530-9.

Posttraumatic stress disorder (PTSD) has been associated with hypothalamic-pituitary-adrenal (HPA) axis and immune function alterations; however, few studies have simultaneously investigated these systems in participants with PTSD. In this study, HPA axis and immune function in 26 women with PTSD with and without major depressive disorder was compared to 24 traumatized controls and to 21 nontraumatized controls. Posttraumatic stress disorder was associated with low cortisol and higher levels of DHEA and greater production of tumor necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6) compared to traumatized and healthy controls. Women with PTSD and depression exhibited greater production of IL-6 and higher levels of dehydroepiandrosterone (DHEA) than those with PTSD, but without depression. These findings suggest dysregulated HPA axis and immune function in women with PTSD, and that comorbid depression may contribute to these abnormalities. PMID: 19107725

Giordano R, Di Vito L, Lanfranco F, Broglio F, Benso A, Gianotti L, Grottoli S, Ghigo E, Arvat E.  Elderly subjects show severe impairment of dehydroepiandrosterone sulphate and reduced sensitivity of cortisol and aldosterone response to the stimulatory effect of ACTH(1-24). Clin Endocrinol (Oxf). 2001 Aug;55(2):259-65. 


OBJECTIVE: Hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis in ageing has been reported both in humans and in animals and may be involved in age-related changes in body composition, structure functions and metabolism, as well as in brain ageing. Despite the supposed HPA hyperactivity and its refractoriness to negative glucocorticoid feedback, low levels of dehydroepiandrosterone (DHEA) and its sulphate have been clearly demonstrated in human ageing and may suggest another cause of age-related changes in structure function and metabolism. Thus, our aim was to verify the adrenal responsiveness to various ACTH doses in normal elderly subjects. DESIGN: We studied cortisol (F), aldosterone (A) and DHEA responses to the sequential administration of very low, low and supramaximal ACTH1-24 doses (0.06 microg or 0.5 microg followed by 250 microg ACTH1-24 i.v. at 0 and +60 minutes) in healthy elderly subjects (ES) [six females and two males, aged 63-75 years, body mass index (BMI) 22-26 kg/m2]. The results in ES were compared with those recorded in healthy young subjects (YS) (six females and six males, aged 22-34 years, BMI 20-25 kg/m2). RESULTS: Basal DHEA levels in ES were lower (P < 0.05) than in YS, while F and A levels were similar in both groups. DHEA, F and A responses to ACTH were dose-dependent in both groups. In ES, however, DHEA levels showed no response to the 0.06 microg dose, a modest increase after 0.5 microg and a clearer rise after 250 microg ACTH; at any dose, the DHEA response in ES was clearly lower than in YS (P < 0.04). The F responses to 0.5 microg and 250 microg ACTH in ES were similar to those in YS; whereas, in ES, 0.06 microg ACTH elicited a non significant F increase which was significantly lower than in YS (P < 0.05). Similarly, the A responses to the highest ACTH doses were similar in both groups but, in ES, 0.06 microg ACTH elicited no increase in A secretion, which was clearly lower than in YS (P < 0.03). CONCLUSIONS: Normal elderly subjects show severe reduction of DHEA response to a wide range of ACTH doses, in agreement with peculiar impairment of the activity of the adrenal reticularis zone in ageing. In contrast to young adults, elderly subjects also show no cortisol and aldosterone response to a very low ACTH dose. This evidence indicates a reduced sensitivity to ACTH in the fasciculata and glomerulosa zones of the adrenal gland in ageing. (So, there is a HYPOactivity of the HPA axis with aging!—HHL)

Giordano R, Pellegrino M, Oleandri S, Baldi M, Balbo M, Laureti S, Falorni A, Ghigo E, Arvat E.  Adrenal sensitivity to adrenocorticotropin 1-24 is reduced in patients with autoimmune polyglandular syndrome. J Clin Endocrinol Metab. 2004 Feb;89(2):675-80. 


Autoimmune polyglandular syndromes are fairly common diseases that are classified into four constellations based on the clinical clustering of the various component diseases. In types 1, 2, and 4, primary adrenal insufficiency due to an autoimmune process is usually present, but its diagnosis is often delayed because it is difficult to detect in a subclinical phase. It is widely accepted that the classical dose of 250 microg ACTH(1-24) is supramaximal, whereas 0.06 microg has been shown to be one of the lowest ACTH doses that is able to stimulate adrenal secretion in normal young subjects. The aim of this study was to clarify the sensitivity and maximal secretory response of the adrenal gland to ACTH in a group of patients with at least two autoimmune diseases, without clinical signs and symptoms of overt or subclinical hypocortisolism. Cortisol (F), aldosterone (A), and dehydroepiandrosterone (DHEA) responses to the sequential administration of very low and supramaximal ACTH(1-24) doses [0.06 microg followed by 250 microg ACTH(1-24) i.v. at 0 and +60 min] were studied in 18 patients with at least two autoimmune diseases (AP; age, 20-40 yr; body mass index, 22-26 kg/m(2)). The results in the patients were compared with the results recorded in 12 normal age-matched control subjects (CS; age, 22-34 yr; body mass index, 20-25 kg/m(2)). At baseline, ACTH levels in AP were within the normal range but higher (P < 0.05) than in CS, whereas F, A, DHEA, urinary-free F, and plasma renin activity were similar in both groups. F, A, and DHEA responses to ACTH were dose dependent in both groups. However, in AP, F, A, and DHEA levels showed no response to the 0.06- micro g ACTH dose, which, in turn, elicited clear responses (P < 0.01) in CS. On the other hand, F, A, and DHEA responses to 250 microg ACTH in AP were not different from those in CS.  In conclusion, patients with autoimmune diseases who displayed a normal basal adrenal function showed a loss of F, A, and DHEA response to the very low ACTH dose, although they were normal responders to the high ACTH dose. These data are likely to indicate that a reduced sensitivity to ACTH in all adrenal zones occurs in patients with different types of autoimmune disease.

Goichot B, Vinzio S, Luca F, Schlienger JL. [Do we still have glucocorticoid-induced adrenal insufficiency?].Presse Med. 2007 Jul-Aug;36(7-8):1065-71.

Adrenal insufficiency (AI) induced by glucocorticoids was first described more than 50 years ago in patients undergoing surgical stress. Although considered the most frequent cause of AI, the true incidence of this complication of glucocorticoid treatment remains unknown. No factors are known to predict AI after glucocorticoid treatment. In particular, neither the dose nor the duration of treatment seems predictive. The minimum dose of cortisol necessary for the body to cope with medical or surgical stress is unknown. The adrenocorticotropin test is often used during corticosteroid withdrawal because it is well correlated with adrenal response to surgical stress, but not with clinical events. Studies over the past 15 years have shown that the perioperative risk of AI has been overestimated and that hydrocortisone doses should be decreased. A prospective study of patients after steroid withdrawal is the only means of assessing the true incidence of this complication to propose a rational strategy to prevent it. PMID: 17603919

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.

Greenfield JR, Samaras K. Evaluation of pituitary function in the fatigued patient: a review of 59 cases. Eur J Endocrinol. 2006 Jan;154(1):147-57. 


OBJECTIVE: The aim of this study was to review the results of dynamic pituitary testing in patients presenting with fatigue. METHODS: We reviewed clinical histories and insulin tolerance test (ITT) results of 59 patients who presented with fatigue and other symptoms of glucocorticoid insufficiency over a 4-year period. All patients referred for ITT had an early-morning cortisol level of <400 nM (14.5μg/dl) and a low or normal ACTH level. RESULTS: Peak cortisol and GH responses following insulin-induced hypoglycaemia were normal in only seven patients (12%). Median age of the remaining 52 patients was 47 years (range, 17-67 years); all but five were female. Common presenting symptoms were neuroglycopaenia (n = 47), depression (n = 37), arthralgia and myalgia (n = 28), weight gain (n = 25), weight loss (n = 9), postural dizziness (n = 15) and headaches (n = 13). Other medical history included autoimmune disease (n = 20; particularly Hashimoto's thyroiditis, Graves' disease and coeliac disease), postpartum (n = 8) and gastrointestinal (n = 2) haemorrhage and hyperprolactinaemia (n = 13). 31 subjects had peak cortisol levels of <500 nM (suggestive of ACTH deficiency; 18 of whom had levels < 400 nM) and a further six had indeterminate results (500-550 nM). (37 out of 59 had abnormally low ACTH response).   The remaining 15 subjects had normal cortisol responses (median 654 nM; range, 553-1062 nM) but had low GH levels following hypoglycaemic stimulation (5.9 mU/l; 3-11.6 mU/l). CONCLUSION: Our results suggest that patients presenting with fatigue and symptoms suggestive of hypocortisolism should be considered for screening for secondary adrenal insufficiency, particularly in the presence of autoimmune disease or a history of postpartum or gastrointestinal haemorrhage. Whether physiological glucocorticoid replacement improves symptoms in this patient group is yet to be established. (Of course it would help!-HHL)

Groer MW, Morgan K. Immune, health and endocrine characteristics of depressed postpartum mothers. Psychoneuroendocrinology. 2007 Feb;32(2):133-9. 

The purpose of the study was to examine demographic, immune, endocrine, stress and health characteristics of depressed mothers, measured between 4 and 6 weeks postpartum, and compare them to non-depressed mothers. The top decile (N=25) of Profile of Mood States depression scores was used to categorize mothers as depressed and these data were then compared to means of the remaining mothers (N=175) in a study of stress and immunity during the postpartum. Depressed mothers were younger, had smaller birth weight infants, and their babies experienced more illness symptoms at 4-6 weeks postpartum. Depressed mothers were less likely to be breastfeeding and had lower serum prolactin levels. Depressed mothers were more likely to smoke, to have daytime sleepiness, and more symptoms of infection than non-depressed mothers. Depressed mothers also had higher perceived stress, postpartum stress, and negative life event reports. There was evidence suggesting that depressed mothers had a downregulated hypothalamic-pituitary-adrenocortical (HPA) axis, in that salivary cortisol was lower in depressed mothers. Depressed mothers also had lower serum levels of Interferon-gamma (IFN-gamma) and a lower IFN-gamma/Interleukin-10 (IL-10) ratio in both sera and in whole blood stimulated cultures, suggesting a depressed Th1/Th2 ratio in depressed mothers. The data supports the possibility that postpartum depression may be associated with a dysregulated HPA axis and possible depressed cellular immunity.

Groves RW, Toms GC, Houghton BJ, Monson JP. Corticosteroid replacement therapy: twice or thrice daily? J R Soc Med. 1988 Sep;81(9):514-6.

Although glucocorticoid replacement is conventionally administered twice daily, the pharmacokinetics of hydrocortisone would predict very low levels of plasma cortisol by mid-afternoon. This study compared plasma cortisol day profiles in 7 hypoadrenal patients while on twice daily and thrice daily hydrocortisone replacement. The twice daily regimen was associated with very low levels of cortisol at 16.00 and 18.00 h. This was eliminated by administering the same total dose in a thrice daily regimen. Furthermore, estimates of 'well-being' by visual analogue scale correlated significantly with simultaneous plasma cortisol levels and 5 of the patients expressed a preference for the thrice daily regimen. The findings suggest that thrice daily glucocorticoid replacement therapy should be adopted routinely. PMID:   3184107

Gudbjornsson B, Skogseid B, Oberg K, Wide L, Hallgren R.  Intact adrenocorticotropic hormone secretion but impaired cortisol response in patients with active rheumatoid arthritis. Effect of glucocorticoids. J Rheumatol. 1996 Apr;23(4):596-602. 


OBJECTIVE. To study the hypothalamic-pituitary-adrenal axis in rheumatoid arthritis (RA) and the influence of glucocorticoid treatment. METHODS. Consecutive untreated patients with RA with moderately high inflammatory activity were studied and compared with healthy subjects of similar age. Subjects were studied both at baseline and after multiple releasing hormone (MRH) stimulations. Patients were reexamined one week after starting prednisolone. RESULTS. The baseline cortisol/adrenocorticotropic hormone (ACTH) ratio was significantly lower in patients with RA. After corticotropin releasing hormone (CRH) stimulation, their serum cortisol response was reduced during the later test phases in spite of intact ACTH response. The baseline and stimulated levels of luteinizing hormone (LH), follicle stimulating hormone (FSH), and thyroid stimulating hormone (TSH) were normal. An impaired prolactin response was seen after MRH stimulation. After one week of prednisolone therapy the absolute response of serum cortisol to CRH was decreased and the stimulated prolactin response was normalized. CONCLUSION. Impaired cortisol secretion in patients with RA in the presence of intact ACTH secretion is consistent with relative adrenal glucocorticoid insufficiency. Adrenal impairment may be secondary to the inflammatory disease process.

Gulcan E, Gulcan A, Taser F, Korkmaz U, Erbilen E. May primary empty sella turcica be a cause of isolated ACTH deficiency? A case report and the review of related literature. Neuro Endocrinol Lett. 2007 Dec;28(6):745-8.

Isolated ACTH deficiency is an uncommon cause of secondary adrenocortical insufficiency and accompaniment with primary empty sella has been reported in several cases. We present a case of isolated ACTH deficiency associated with empty sella. A sixty-two year old woman was admitted to our endocrine clinic with complaints of weakness, fatigue, weight loss, nausea, vomiting, and lack of appetite for about one month. Physical examination indicated orthostatic hypotension and epigastric tenderness. Laboratory investigations revealed hypoglycemia, hyponatremia and anemia, in addition low plasma cortisole and ACTH levels. Serum cortisole responses to short and prolonged ACTH stimulation were tested and partial and accurate responses were obtained, respectively. Plasma ACTH and serum cortisole levels failed to respond after intravenous injection of human corticotropin releasing hormone. Other hypophysial hormone levels were within the normal reference ranges. Although cranial and abdominal computerized tomography images were evaluated as normal, cranial magnetic resonance imaging of the pituitary gland revealed 'primary empty sella turcica'. Replacement therapy with methylprednisolon resulted in the improvement of hypoglycemia, hyponatremia and clinical symptoms. Based on these results, the patient was diagnosed as isolated ACTH deficiency and was scheduled for follow up by our outpatient clinic. Our report is consistent with other reports pointing out that primary empty sella may be responsible for pathogenesis of isolated ACTH deficiency.

Güllner HG, Nicholson WE, Wilson MG, Bartter FC, Orth DN. The response of plasma immunoreactive adrenocorticotropin, beta-endorphin/beta-lipotropin, gamma-lipotropin and cortisol to experimentally induced pain in normal subjects. Clin Sci (Lond). 1982 Oct;63(4):397-400.

1. We examined the effect of ischaemic pain and sustained isometric muscle contraction on plasma immunoreactive gamma-lipotropin (gamma LPH), beta-endorphin/beta-lipotropin (beta END/beta LPH) and corticotropin (ACTH), which are all synthesized from a common precursor (pro-opiocortin), and plasma cortisol in 10 normal subjects. 2. Experimental pain was produced by inflation to 250 mmHg of a sphygmomanometer cuff, placed above the elbow of the 'dominant' arm, after which the subject squeezed a hand dynamometer, loaded to 12 kg, 20 times at 2 s intervals. Blood was drawn before, after 5 and 10 min of pain, and 30 min after release of the cuff. In a control session, the subjects were asked to squeeze the handgrip alone for 5 min at 30% of their maximum strength, a procedure which elevates the blood pressure without causing pain. 3. One subject had unexplained high (30--71 pmol/l) baseline peptide concentrations. Baseline values for the nine other subjects were: ACTH, 7.3 +/- 1.9 pmol/l (mean +/- SEM); gamma LPH, 18.6 +/- 1.0 pmol/l; beta END/beta LPH, 10.0 +/- 1.1 pmol/l; cortisol, 599 +/- 55 nmol/l. Neither procedure significantly increased the plasma concentration of ACTH or any other peptide, whereas plasma cortisol was significantly increased at both 5 min and 10 min. Plasma ACTH was positively correlated with plasma gamma LPH (r = 0.701; P less than 0.001), beta END/beta LPH (r = 0.970; P less than 0.001) and plasma cortisol (r = 0.758; P less than 0.05). 4. The present study demonstrates that, in normal man, plasma endorphins do not change with experimental ischaemic pain. The rise in plasma cortisol without concomitant rise in ACTH is not explained, but suggests the action of some other agent at the level of the adrenal cortex. PMID: 6286207

Gunin AG, Mashin IN, Zakharov DA. Proliferation, mitosis orientation and morphogenetic changes in the uterus of mice following chronic treatment with both estrogen and glucocorticoid hormones. J Endocrinol. 2001 Apr;169(1):23-31. 


Glucocorticoids have been known to be involved in the regulation of some aspects of estrogen action on the uterus. However, the effect of glucocorticoids on changes in uterine morphogens produced by chronic estrogen exposure is not known. Therefore, the aim of this work was to examine the role of glucocorticoids on proliferative and morphogenetic uterine reactions induced by continuous estrogen treatment. Ovariectomized mice received subcutaneous injections of estradiol dipropionate in olive oil (2 microg per 100 g body weight once a week) or vehicle and drank water with or without dexamethasone (2 mg/l) for 30, 60 and 90 days. Treatment with dexamethasone caused a marked reduction in estradiol-induced changes in uterine weight, in proliferation (estimated from the proportion of mitotic and BrdU-labeled cells in all uterine tissues), and in changes in estradiol-dependent morphogenesis, which was redirected from the formation of atypical hyperplasia in animals receiving only estradiol to the appearance of simple or cystic endometrial hyperplasia in animals receiving both estradiol and dexamethasone. Estradiol alone increased dramatically the number of perpendicular oriented mitoses in luminal and glandular epithelia, and administration of dexamethasone inhibited this effect. In the absence of estradiol, chronic treatment with dexamethasone has no effect on all uterine parameters tested. Thus, chronic glucocorticoid treatment produces a complex antiestrogenic effect in the uterus of mice. Estradiol-induced changes in mitosis orientation are probably responsible for changes in the shape of glands and development of endometrial hyperplasia. (Implication: lack of cortisol may allow increased estrogenic proliferation in uterus, breast, and ovarian surface epithelium leading to cancer—and maybe in other tissues also. Hypocortisolism not only reduces quality of life, but quantity also.)

Gunnar MR, Vazquez DM. Low cortisol and a flattening of expected daytime rhythm: potential indices of risk in human development. Dev Psychopathol. 2001 Summer;13(3):515-38. 


Since the work of Hans Selye, stress has been associated with increased activity of the limbic-hypothalamic-pituitary-adrenocortical (LHPA) axis. Recently, a number of studies in adults have shown that this neuroendocrine axis may be hyporesponsive in a number of stress-related states. Termed hypocortisolism, the paradoxical suppression of the LHPA axis under conditions of trauma and prolonged stress presently challenges basic concepts in stress research. Adverse conditions that produce elevated cortisol levels early in life are hypothesized to contribute to the development of hypocortisolism in adulthood. However, as reviewed in this paper, hypocortisolism also may be a common phenomenon early in human childhood. Although preliminary at this point, the ubiquity of these findings is striking. We argue that developmental studies are needed that help explicate the origins of low cortisol and to determine whether the development of hypocortisolism is, in fact, preceded by periods of frequent or chronic activation of the LHPA axis. We also argue that developmental researchers who incorporate measures of salivary cortisol into their studies of at-risk populations need to be aware of the hypocortisolism phenomenon. Lower than expected cortisol values should not necessarily be relegated to the file drawer because they contradict the central dogma that stress must be associated with elevations in cortisol. Lastly, we note that evidence of low cortisol under adverse early life conditions in humans adds to the importance of understanding the implications of hypocortisolism for health and development.

Gur A, Cevik R, Sarac AJ, Colpan L, Em S. Hypothalamic-pituitary-gonadal axis and cortisol in young women with primary fibromyalgia: the potential roles of depression, fatigue, and sleep disturbance in the occurrence of hypocortisolism. Ann Rheum Dis. 2004 Nov;63(11):1504-6. 


OBJECTIVES: To investigate abnormalities of the hypothalamic-pituitary-gonadal (HPG) axis and cortisol concentrations in young women with primary fibromyalgia (FM); and to determine whether depression, fatigue, and sleep disturbance affect these hormones. METHODS: Follicle stimulating hormone (FSH), luteinising hormone (LH), oestradiol, progesterone, prolactin, and cortisol concentrations in 63 women with FM were compared with those in 38 matched healthy controls; all subjects aged <35 years. The depression rate was assessed by the Beck Depression Inventory (BDI) and patients with high and low BDI scores were compared. Additionally, patients were divided according to sleep disturbance and fatigue and compared both with healthy controls and within the group. RESULTS: No significant differences in FSH, LH, oestradiol, prolactin, and progesterone levels were found between patients with FM and controls, but cortisol levels were significantly lower in patients than in controls (p<0.05). Cortisol levels in patients with high BDI scores, fatigue, and sleep disturbance were significantly lower than in controls (p<0.05). Correlation between cortisol levels and number of tender points in all patients was significant (r = -0.32, p<0.05). CONCLUSION: Despite low cortisol concentrations in young women with FM, there is no abnormality in HPG axis hormones. Because fatigue, depression rate, sleep disturbance, and mean age of patients affect cortisol levels, these variables should be taken into account in future investigations.

Gurnell EM, Hunt PJ, Curran SE, Conway CL, Pullenayegum EM, Huppert FA, Compston JE, Herbert J, Chatterjee VK. Long-term DHEA replacement in primary adrenal insufficiency: a randomized, controlled trial. J Clin Endocrinol Metab. 2008 Feb;93(2):400-9. 

CONTEXT: Dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS) are the major circulating adrenal steroids and substrates for peripheral sex hormone biosynthesis. In Addison's disease, glucocorticoid and mineralocorticoid deficiencies require lifelong replacement, but the associated near-total failure of DHEA synthesis is not typically corrected. OBJECTIVE AND DESIGN: In a double-blind trial, we randomized 106 subjects (44 males, 62 females) with Addison's disease to receive either 50 mg daily of micronized DHEA or placebo orally for 12 months to evaluate its longer-term effects on bone mineral density, body composition, and cognitive function together with well-being and fatigue. RESULTS: Circulating DHEAS and androstenedione rose significantly in both sexes, with testosterone increasing to low normal levels only in females. DHEA reversed ongoing loss of bone mineral density at the femoral neck (P < 0.05) but not at other sites; DHEA enhanced total body (P = 0.02) and truncal (P = 0.017) lean mass significantly with no change in fat mass. At baseline, subscales of psychological well-being in questionnaires (Short Form-36, General Health Questionnaire-30), were significantly worse in Addison's patients vs. control populations (P < 0.001), and one subscale of SF-36 improved significantly (P = 0.004) after DHEA treatment. There was no significant benefit of DHEA treatment on fatigue or cognitive or sexual function. Supraphysiological DHEAS levels were achieved in some older females who experienced mild androgenic side effects. CONCLUSION: Although further long-term studies of DHEA therapy, with dosage adjustment, are desirable, our results support some beneficial effects of prolonged DHEA treatment in Addison's disease. PMID: 18000094

Hahner S, Loeffler M, Fassnacht M, Weismann D, Koschker AC, Quinkler M, Decker O, Arlt W, Allolio B. Impaired subjective health status in 256 patients with adrenal insufficiency on standard therapy based on cross-sectional analysis. J Clin Endocrinol Metab. 2007 Oct;92(10):3912-22. 

BACKGROUND: There is mounting evidence that current replacement regimens fail to restore health-related subjective health status fully in patients with adrenal insufficiency (AI). Here we evaluated the subjective health status in primary and secondary AI and the effect of concomitant disease. METHODS: In a cross-sectional study, all AI patients registered with the University Hospital Wuerzburg (n = 148) or with the German Self-Help Network (n = 200) were contacted by mail. Underlying diagnoses and comorbidities were verified by review of medical records. Patients were asked to complete three validated self-assessment questionnaires [Short Form 36 (SF-36), Giessen Complaint List (GBB-24), Hospital Anxiety and Depression Scale (HADS)]. Results were compared to sex- and age-matched controls drawn from the questionnaire-specific reference cohorts. RESULTS: We identified 348 patients, and 256 agreed to participate. Completed questionnaire sets were available from 210 patients [primary AI (n = 132), secondary AI (n = 78)]. Seven of eight SF-36 dimensions, all five GBB-24 scales, and the HADS anxiety score reflected significant impairment of subjective health status in both AI cohorts (all P < 0.001). Even after exclusion of all patients with any concomitant disease, subjective health status remained significantly impaired in five SF-36 subscales and four GBB-24 subscales. Secondary AI patients were slightly more compromised than primary AI, significant with regard to two SF-36 scales (P < 0.05) and the HADS depression score (P < 0.001). A total of 18.3% of the AI patients were out of work, compared to 4.1% in the general population. CONCLUSION: Patients with AI on current standard replacement suffer from significantly impaired health-related subjective health status, irrespective of origin of disease or concomitant disease. Future studies will have to assess whether more physiological glucocorticoid replacement strategies in AI will ameliorate these impairments. PMID:   17684047

Hangaard J, Andersen M, Grodum E, Koldkjaer O, Hagen C. Pulsatile thyrotropin secretion in patients with Addison's disease during variable glucocorticoid therapy.J Clin Endocrinol Metab. 1996 Jul;81(7):2502-7.

The inhibitory action of physiological to pathophysiological serum cortisol levels on TSH secretion were investigated in 12 patients with Addison's disease on 3 occasions. 1) In continuation of the conventional hydrocortisone (HC) substitution, a medium dose of HC (0.5 mg/kg) was infused over 23 h. 2) After 24-h withdrawal of HC, the patients had placebo infusion over 23 h. 3) After 5 days of dexamethasone (1.5 mg/day), a high dose of HC (2.0 mg/kg) was infused over 23 h. Blood sampling was performed every 10 min during the last 10 h of the study period, followed by a TRH test (10 micrograms, iv), To mimic the normal diurnal rhythm for serum cortisol, HC was infused in graduated doses, and during medium dose infusion, the serum cortisol level and the TSH pulsatility pattern were similar to those seen in normal controls. The TSH mean level was 1.0 +/- 0.5 mU/L during medium doses of HC, increasing significantly (P < 0.05) to 2.0 +/- 1.6 mU/L during the low cortisol state and was significantly (P < 0.05) suppressed to 0.4 +/- 0.2 mU/L during high doses of glucocorticoids, when the pulse frequency was also significantly reduced (P < 0.01). Together with a dose-dependent inhibitory action of glucocorticoids on the TSH response to TRH, our data indicate that even physiological serum levels of cortisol have an influence on endogenous TSH secretion, probably caused by regulation of the pituitary sensitivity to TRH. PMID: 8675567

Harbeck B, Kropp P, Mönig H. Effects of short-term nocturnal cortisol replacement on cognitive function and quality of life in patients with primary or secondary adrenal insufficiency: a pilot study. Appl Psychophysiol Biofeedback. 2009 Jun;34(2):113-9. Epub 2009 Apr 23.

Cortisol replacement in patients with adrenal insufficiency usually consists of hydrocortisone (HC) given orally during day time. Due to the short half-life of hydrocortisone, cortisol levels between midnight and early morning are very low in contrast to the physiological rise of cortisol serum levels during this time. We investigated whether short-term cortisol replacement during the night improves cognitive function and well-being in these patients. Fourteen patients with adrenal insufficiency were put on HC infusion between midnight and 8 a.m. They subsequently underwent neurocognitive testing to measure intellectual functioning, concentration, memory and fine motor skills. Quality of life and mood were also evaluated. All tests were repeated after 2-4 weeks during usual oral glucocorticoid replacement therapy. Blood samples were taken for cortisol, epinephrine and norepinephrine measurement. With the exception of the digit symbol test with better scoring in the oral group (p = 0.005) there were no significant differences in neurocognitive testing, vegetative functions and quality of life on the two occasions. However, a higher cortisol level was associated with a worse performance in short-term memory. Plasma epinephrine concentration was subnormal in both groups, but increased only after intravenous hydrocortisone replacement. Mimicking the physiological rise in cortisol secretion during the night in this pilot study did neither significantly affect quality of life nor cognitive performance and vegetative functions. There was no improvement in general well being. Hydrocortisone infusion during night time might improve adrenomedullary reserve in patients with adrenal insufficiency. PMID: 19387826

Harris DS, Reus VI, Wolkowitz OM, Mendelson JE, Jones RT. Altering cortisol level does not change the pleasurable effects of methamphetamine in humans. Neuropsychopharmacology. 2003 Sep;28(9):1677-84.

Preclinical studies have linked corticosteroid secretion and levels with drug self-administration by animals. In a double-blind, cross-over study, subjective, physiological, and endocrine responses to intravenous doses of methamphetamine 0.5 mg/kg or placebo were assessed in eight methamphetamine-experienced subjects after three cortisol-modifying premedication conditions: augmenting cortisol level with oral hydrocortisone 50 mg, blocking cortisol response with the corticosteroid synthesis inhibitor metyrapone 1500 mg orally, or no premedication. Although the pharmacologic manipulations produced the expected hormonal changes, subjective response to the methamphetamine showed few differences. Diminishing cortisol response by pharmacologic blockade did not alter the pleasurable effects of methamphetamine. Hydrocortisone did increase self-reported 'bad drug effect' and decreased craving after saline placebo relative to the period following methamphetamine. Metyrapone was associated with significant premature ventricular complexes in two subjects during methamphetamine administration and may not be safe for those who use methamphetamine. PMID: 12813474

Hastings PD, Fortier I, Utendale WT, Simard LR, Robaey P. Adrenocortical functioning in boys with attention-deficit/hyperactivity disorder: examining subtypes of ADHD and associated comorbid conditions. J Abnorm Child Psychol. 2009 May;37(4):565-78.

Disruptions to hypothalamic-pituitary-adrenal (HPA) axis function have been associated with varying forms of psychopathology in children. Studies suggesting children with ADHD have blunted HPA function have been complicated by the prevalence of comorbid diagnoses and heterogeneity of ADHD. The goals of this research were to assess the relations between waking and stress-response salivary cortisol levels and comorbid disruptive behavior (DBD) and anxiety (AnxD) disorders and problems in boys with ADHD, and to examine whether cortisol levels varied across ADHD subtypes. One hundred seventy elementary school-age boys with ADHD provided salivary cortisol at waking and in reaction to venipuncture. Parent reports were used to assess boys' psychiatric diagnoses and severity of behavioral problems. Boys' comorbid AnxD and anxiety problems were associated with greater cortisol reactivity, whereas boys' comorbid DBD and oppositional problems predicted diminished adrenocortical activity. Reactive cortisol increases were greatest in boys with ADHD and comorbid AnxD, but without DBD. ADHD subtypes were not differentially associated with waking, pre-stress baseline, or reactive cortisol levels. However, comorbid DBD predicted decreased cortisol reactivity in boys with inattentive and hyperactive subtypes of ADHD, but not in boys with combined subtype of ADHD. The results clarify previous patterns of distinct and divergent dysregulations of HPA function associated with boys' varying kinds of psychopathology. PMID: 19132527

Hawken ER, Owen JA, Hudson RW, Delva NJ. Specific effects of escitalopram on neuroendocrine response.Psychopharmacology (Berl). 2009 Nov;207(1):27-34. 

PURPOSE: Citalopram, a selective serotonin reuptake inhibitor, is used as a neuroendocrine probe in human subjects to assess serotonin function as reflected in prolactin and plasma cortisol release. Citalopram is a racemic mixture of equal proportions of the S(+) and R(-) enantiomers. Inhibition of serotonin reuptake and, consequently, antidepressant activity is associated, almost exclusively, with the S(+) enantiomer ("escitalopram"). Studies in animal models indicate that the presence of the R(-) isomer may interfere with the serotonin reuptake activity of escitalopram. The current study compared the neuroendocrine effects of citalopram and escitalopram in healthy human volunteers. METHODS: Plasma cortisol and prolactin levels following a single oral dose of citalopram (40 mg) or escitalopram (20 mg) were compared in samples taken every 15-30 min over a period of 240 min. Plasma citalopram concentration was determined at the same intervals. RESULTS: Escitalopram and citalopram caused equivalent increases in plasma cortisol and prolactin. The administration of dexamethasone prior to the escitalopram challenge blocked the evoked increase in cortisol. CONCLUSION: This is the first study to prove that a single dose of escitalopram acts centrally and not peripherally, providing further support of the use of oral escitalopram as a probe for brain serotonergic function. PMID: 19662384

Heim C, Ehlert U, Hellhammer DH.  The potential role of hypocortisolism in the pathophysiology of stress-related bodily disorders.  Psychoneuroendocrinology. 2000 Jan;25(1):1-35. 
    

Representing a challenge for current concepts of stress research, a number of studies have now provided convincing evidence that the adrenal gland is hypoactive in some stress-related states. The phenomenon of hypocortisolism has mainly been described for patients, who experienced a traumatic event and subsequently developed post-traumatic stress disorder (PTSD). However, as presented in this review, hypocortisolism does not merely represent a specific correlate of PTSD, since similar findings have been reported for healthy individuals living under conditions of chronic stress as well as for patients with several bodily disorders. These include chronic fatigue syndrome, fibromyalgia, other somatoform disorders, rheumatoid arthritis, and asthma, and many of these disorders have been related to stress. Although hypocortisolism appears to be a frequent and widespread phenomenon, the nature of the underlying mechanisms and the homology of these mechanisms within and across clinical groups remain speculative. Potential mechanisms include dysregulations on several levels of the hypothalamic-pituitary adrenal axis. In addition, factors such as genetic vulnerability, previous stress experience, coping and personality styles may determine the manifestation of this neuroendocrine abnormality. Several authors proposed theoretical concepts on the development or physiological meaning of hypocortisolism. Based on the reviewed findings, we propose that a persistent lack of cortisol availability in traumatized or chronically stressed individuals may promote an increased vulnerability for the development of stress-related bodily disorders. This pathophysiological model may have important implications for the prevention, diagnosis and treatment of the classical psychosomatic disorders.

Hickling P, Jacoby RK, Kirwan JR. Joint destruction after glucocorticoids are withdrawn in early rheumatoid arthritis. Arthritis and Rheumatism Council Low Dose Glucocorticoid Study Group. Br J Rheumatol. 1998 Sep;37(9):930-6. 


OBJECTIVE: Prednisolone reduced the progression of joint destruction over 2 yr in early, active rheumatoid arthritis. The response to discontinuation of prednisolone under double-blind conditions is now reported. METHODS: A randomized, double-blind, placebo-controlled trial of prednisolone 7.5 mg daily in addition to routine medication over 2 yr in 128 patients with early rheumatoid arthritis, using radiological progression (changes in the Larsen score) and the development of erosions as primary outcome measures. Study medication was blindly discontinued and follow-up maintained for a further year. Other assessments included disability, joint inflammation, pain and the acute-phase response. RESULTS: Similar results were obtained when all available radiographs were included for each year of assessment (maximum 114) and when only patients with radiographs at all time points were included (75 patients). In these 75, the mean progression in the prednisolone group was 0.21 Larsen units in year 1, 0.04 units in year 2 and 1.01 units in year 3 (P = 0.587, 0.913 and 0.039 for change within each year, respectively). The equivalent placebo group means were 2.34, 1.00 and 1.63 Larsen units (P = 0.001, 0.111 and 0.012; difference between groups: 2.13, 0.96 and 0.67 units, P = 0.082, 0.02 and 0.622). The percentage of hands which had erosions at each time point was: prednisolone group: 27.8, 29.2, 34.7 and 39.2; placebo group: 28.2, 48.7, 59.0 and 66.5. There was little evidence for a flare in clinical symptoms after discontinuation of prednisolone. CONCLUSION: Joint destruction resumed after discontinuation of prednisolone. This corroborates the previously reported therapeutic effect and challenges current concepts of disease pathogenesis.

Hiroi N, Ichijo T, Ueshiba H, Miyachi Y. Intranasal administration of adrenocorticotropin-(1-24) stimulates adrenocortical hormone secretion. J Clin Endocrinol Metab. 2002 Apr;87(4):1750-3.

To determine the efficiency of transmucosal absorption of ACTH, we measured serum cortisol, aldosterone, dehydroepiandrosterone (DHEA), and DHEA sulfate (DHEA-S) levels after intranasal (in) vs. iv administration of ACTH-(1-24) (250 microg) in 12 healthy adult men (mean age, 24.3 +/- 3.2 yr; range, 21-31 yr), who had received no prior medication and had no symptoms of rhinitis. Blood was collected at 0, 30, 60, 120, and 180 min after administration of ACTH-(1-24), and the levels of adrenocortical steroids were measured by specific RIAs. There were no side-effects associated with in or iv ACTH administration. After in administration, serum cortisol and aldosterone increased rapidly by 224.7 +/- 39.2% and 147.2 +/- 50.5%, respectively, peaking 30 min after ACTH-(1-24) administration, and decreasing to basal levels within 120 min. These increases in serum cortisol and aldosterone were lower than those obtained after iv administration. Thirty minutes after in or iv administration of ACTH-(1-24), DHEA increased by 49.1 +/- 27.2% and 81.6 +/- 17.1%, respectively, and remained elevated for 180 min. Serum DHEA-S levels did not change after in administration of ACTH-(1-24) and increased only slightly after iv injection. Adrenocortical steroid levels did not increase after in administration of saline. These data demonstrate that adrenocortical steroids are stimulated by in administration of ACTH-(1-24). We suggest that intranasal administration of ACTH offers both a diagnostic approach as an adrenal function test and a therapeutic approach as ACTH replacement therapy in patients with ACTH deficiency. The latter may be more physiological than glucocorticoid replacement.

Imrich R, Vigas M, Rovensky J, Aldag JC, Masi AT. Adrenal plasma steroid relations in glucocorticoid-naïve premenopausal rheumatoid arthritis patients during insulin-induced hypoglycemia test compared to matched normal control females. Endocr Regul. 2009 Apr;43(2):65-73.

OBJECTIVE: Clinical and experimental data indicate the involvement of adrenal steroids in the complex of rheumatoid arthritis (RA) pathogenesis. A subtle adrenocortical hypocompetence has been suggested in a subset of glucocorticoid-naïve premenopausal females with RA. METHODS: The interrelations among adrenal steroids: cortisol (CORT), 17alpha-hydroxyprogesterone (17-OHP), androstenedione (ASD), dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulphate (DHEAS) were evaluated in 15 glucocorticoid-naïve premenopausal females with RA and in 14 age- and body mass index- matched healthy females at basal and during insulin-induced hypoglycemia states. Spearman's correlations were used to analyze baseline plasma concentrations as well as areas under response curves of these steroids levels as assayed during the basal and/or insulin-induced hypoglycemia status. RESULTS: Six among 15 RA patients, but none of 14 controls had combined "lower" quartile range of basal cortisol (< 431 nmol/l) and lower DHEAS (< 2.79 micromol/l) levels, i.e., concentrations within the lowest quartiles of the control group (p = 0.017). In all subjects combined, basal correlations were significantly positive between ASD and other steroids (CORT, 17OHP, DHEA, DHEAS). When patient and control groups were analyzed separately, the positive basal correlation between ASD and CORT was significant only in RA patients (p = 0.030). In contrast, a positive basal correlation between ASD and DHEA was significant only in controls (p = 0.004). When comparing the areas under response curves (AUCs), the correlation of ASD and CORT was significantly negative in RA (p = 0.009), but positive in controls (RA vs control difference in Spearman's correlations, p = 0.002). The correlation between AUCs of ASD and DHEA was strongly positive in controls (p = 0.006), but not in RA (RA vs. control difference p = 0.044). CONCLUSIONS: The results suggest relative hypocompetence of adrenocortical function in premenopausal RA females. Different patterns of correlations of the adrenal steroids during basal vs. stimulatory testing suggested certain alterations in adrenal synthetic pathways or deficiencies in the dynamics of steroidogenesis in RA. PMID: 19856711

Iranmanesh A, Lizarralde G, Johnson ML, Veldhuis JD. Dynamics of 24-hour endogenous cortisol secretion and clearance in primary hypothyroidism assessed before and after partial thyroid hormone replacement. J Clin Endocrinol Metab. 1990 Jan;70(1):155-61.

Although various abnormalities of hypothalamic pituitary adrenal function have been reported in primary hypothyroidism, neither 24-h patterns of pulsatile cortisol release nor estimation of its endogenous secretion and clearance rates have been fully investigated in this clinical setting. We studied pulsatile and circadian patterns of cortisol secretion in six hypothyroid men [mean free T4 index, 0.59 +/- 0.22 (+/- SE); mean TSH, greater than 50 mU/L] by sampling blood at 20-min intervals for 24 h before (unreplaced) and then after 5-7 months of partial replacement treatment with levo-T4. Compared to a normal group, hypothyroid men had significantly elevated 24-h mean serum concentrations of cortisol (419 vs. 254 nmol/L; P less than 0.001), with no change in serum cortisol-binding globulin concentrations. Cluster analysis of cortisol time series revealed a normal pulse frequency, with significant increases in mean peak amplitude (527 vs. 331 nmol/L; P = 0.001), mean interpulse valley concentrations (384 vs. 204 nmol/L; P less than 0.05), and mean prepeak nadir concentrations (298 vs. 166 nmol/L; P less than 0.05). Cosinor analysis showed preserved circadian rhythmicity (i.e. normal mean circadian amplitude of cortisol release) in hypothyroidism, with a significant delay in the timing of circadian acrophases and an increase in the mesor (mean). Analysis of data by a multiple parameter deconvolution method demonstrated a normal 24-h endogenous cortisol production rate in the presence of significantly prolonged subject-specific half-life of cortisol disappearance (155 vs. 73 min; P less than 0.05). Partial replacement therapy with levo-T4 caused significant decreases in 1) mean 24-h serum cortisol concentrations (419 vs. 323 nmol/L; P less than 0.05); 2) mean cortisol peak amplitudes (527 vs. 375 nmol/L; P less than 0.05); 3) mean prepeak nadir concentrations (298 vs. 221 nmol/L; P less than 0.05); and 4) mean half-life of cortisol disappearance (155 vs. 112 min; P less than 0.0019). In summary, the present study of cortisol secretory dynamics in hypothyroid men has shown elevated mean 24-h serum concentrations of cortisol with preserved circadian rhymicity and normal endogenous production rates, but prolonged half-lives of cortisol disappearance. In conjunction with normal serum cortisol-binding globulin concentrations, these largely reversible findings suggest that significant hypercortisolemia in primary hypothyroidism is primarily due to decreased metabolic clearance of cortisol and a presumptive decrease in the negative feedback effect of cortisol on the hypothalamo-pituitary axis.

Jamieson PM, Nyirenda MJ, Walker BR, Chapman KE, Seckl JR. Interactions between oestradiol and glucocorticoid regulatory effects on liver-specific glucocorticoid-inducible genes: possible evidence for a role of hepatic 11beta-hydroxysteroid dehydrogenase type 1. J Endocrinol. 1999 Jan;160(1):103-9.


In vitro, 11beta-hydroxysteroid dehydrogenase type 1 (11beta-HSD-1) catalyses the interconversion of active corticosterone and inert 11-dehydrocorticosterone. 11beta-HSD-1 is highly expressed in liver, where the reaction direction is 11beta-reduction, thus potentially increasing intrahepatic active glucocorticoid levels. Inhibition of 11beta-HSD-1 increases insulin sensitivity in humans in vivo suggesting that hepatic 11beta-HSD-1 plays a role in the maintenance or control of key glucocorticoid-regulated metabolic functions. We have selectively repressed hepatic 11beta-HSD-1 in rats by oestradiol administration for 42 days. (Thereby decreasing active corticosterone levels and effects-HHL) This nearly completely repressed hepatic 11beta-HSD-1 mRNA expression and enzyme activity and reduced expression of hepatic glucocorticoid-inducible genes including phosphoenolpyruvate carboxykinase (PEPCK), the rate-limiting step in gluconeogenesis. Similar effects were seen after 3 weeks of oestradiol treatment. To examine whether this was due to any direct effect of oestradiol upon PEPCK, the experiment was repeated in adrenalectomised rats+/-glucocorticoid replacement. In adrenalectomised rats, oestradiol did not attenuate hepatic PEPCK, whilst glucocorticoid replacement restored this action. Oestradiol did not alter hepatic metabolism of corticosterone by pathways other than 11beta-HSD-1. These data suggest 11beta-HSD-1 plays an important role in maintaining expression of key glucocorticoid-regulated hepatic transcripts. Enzyme inhibition may provide a useful therapeutic target for manipulating glucose homeostasis. (The estradiol was delivered intradermally—so this is not an effect of oral estradiol only. This effect explains the worsening of cortisol insufficiency seen in women give estradiol. HHL)

Jerjes WK, Peters TJ, Taylor NF, Wood PJ, Wessely S, Cleare AJ. Diurnal excretion of urinary cortisol, cortisone, and cortisol metabolites in chronic fatigue syndrome. J Psychosom Res. 2006 Feb;60(2):145-53.

OBJECTIVE: The aim of this study was to obtain comprehensive information on basal hypothalamic-pituitary-adrenal (HPA) axis activity in chronic fatigue syndrome (CFS) patients who were not affected by medication or comorbid psychiatric disorder likely to influence the HPA axis. METHOD: Steroid analysis of urine collections from 0600 to 2100 h at 3-h intervals in CFS patients and in controls. RESULTS: Urinary free cortisol and cortisone concentrations showed a significant normal diurnal rhythm, but levels were lower across the cycle in CFS. In contrast, while urinary cortisol metabolites also showed a normal diurnal rhythm, levels were not significantly different between the CFS and controls at any time. Derived metabolite ratios were similar in both groups. CONCLUSION: This study provides further evidence for reduced basal HPA axis function in patients with CFS, based on lower free cortisol and cortisone levels, but this is not corroborated by cortisol metabolite data. The difference between these measures cannot be explained by an altered timing of the diurnal rhythm.

Jerjes WK, Taylor NF, Wood PJ, Cleare AJ. Enhanced feedback sensitivity to prednisolone in chronic fatigue syndrome. Psychoneuroendocrinology. 2007 Feb;32(2):192-8. 

OBJECTIVE: Enhancement of negative feedback control of the HPA axis in patients with chronic fatigue syndrome (CFS) has been reported using the low dose dexamethasone suppression test. We have developed the use of prednisolone (5mg) as a more physiologically appropriate alternative to dexamethasone in the investigation of mild degrees of glucocorticoid resistance or supersensitivity. The objective of the study was to use this test to look for alterations in negative feedback control of the HPA axis in CFS patients. METHODS: Fifteen patients with CFS were recruited after fulfilling strict criteria including the absence of comorbid psychiatric diagnosis. They collected urine between 0900 and 1800h and saliva at 0900h pre-prednisolone. At midnight, they took prednisolone (5mg) orally and then collected urine and saliva at the same intervals the following day. RESULTS: Salivary cortisol was lower in CFS subjects pre-prednisolone than controls. Urinary cortisol metabolites were lower in CFS subjects pre-prednisolone, but did not reach significance. Both measures were significantly lower in CF S subjects post-dose. Mean percentage suppression of both salivary cortisol and urinary cortisol metabolites was significantly higher in CFS compared to controls. CONCLUSION: There is enhanced sensitivity of the HPA axis to negative feedback in CFS as demonstrated using the prednisolone suppression test. This provides further evidence of alterations in the control of the HPA axis in patients with established CFS. PMID: 17276605

Jodar E, Valdepenas MP, Martinez G, Jara A, Hawkins F. Long-term follow-up of bone mineral density in Addison's disease. Clin Endocrinol (Oxf). 2003 May;58(5):617-20.

BACKGROUND AND AIMS: There is conflicting evidence regarding the long-term effects of long-term glucocorticoid replacement therapy (GRT) on bone mineral density (BMD) in patients with chronic adrenal insufficiency. Our aim was to evaluate bone turnover and changes in BMD in patients on GRT. PATIENTS AND METHODS: We have studied 25 subjects (six men, 19 women; aged 62.4 +/- 11.3 years, duration of disease 21.7 +/- 11.7 years, fasting cortisol 63 +/- 36 nmol/l) on GRT (hydrocortisone 30 mg/day or prednisone 7.5 mg/day). BMD was assessed at the lumbar spine (LS; L2-L4), proximal femur (PF) and ultra distal radius (UR) by dual energy X-ray absorptiometry (DXA). The rates of bone loss were calculated using previous DXA measurements at the LS (48 and 60 months earlier). Serum calcium, phosphate alkaline phosphatase (ALP), bone ALP, serum osteocalcin (BGP), intact parathyroid hormone (PTH) and 25(OH) vitamin D were also measured. RESULTS: BMD [Z-score; 95% confidence interval (95% CI)] was normal at the LS: (-1.15-+0.07); PF: (-0.90-+0.22) and UDR (-0.77-+0.36). No significant differences were found according to the type of replacement therapy or sex. No significant bone loss (g/cm2; 95% CI) was detected at the LS: (-0.021-+0.023). Fifty-six per cent of patients met osteoporotic criteria; a greater proportion of patients treated with prednisone had osteoporosis compared with those an hydrocortisone. All bone markers were in their normal ranges. CONCLUSIONS: Patients on long-term therapy do not show accelerated bone loss at the lumbar spine. Nevertheless, a considerable proportion of patients, mainly those treated with prednisone, showed densitometric osteoporosis. (Ergo, their ratio for bone loss is not 1:4 but more like 1:5 or 1:6, maybe more!—HHL)

Junghanns K, Tietz U, Dibbelt L, Kuether M, Jurth R, Ehrenthal D, Blank S, Backhaus J. Attenuated salivary cortisol secretion under cue exposure is associated with early relapse. Alcohol Alcohol. 2005 Jan-Feb;40(1):80-5. Epub 2004 Nov 18.

AIMS: To test whether the risk of relapse in alcohol dependence is predicted by the subjective experience of cue exposure (CE) and/or cortisol reactivity to alcohol cues. METHODS: Salivary cortisol and self-ratings of 'tension' and 'desire to drink' were measured in 32 detoxified alcohol-dependent inpatients during CE sessions conducted in the first and third week of motivation enhancement therapy. Subjects completed the Toronto Alexithymia Scale (TAS-20) and the Abbreviated Alcohol Expectancy Questionnaire (B-AEQ) towards the end of the inpatient treatment to measure emotional self-awareness and the expected positive effects of alcohol. RESULTS: Six weeks after the end of the inpatient treatment, 15 patients were abstinent. Relapse was verified or was presumed for 17 patients. Those who had relapsed had shown an attenuated response to CE in the third week as an inpatient but did not differ from abstainers in terms of subjective reaction to cues. Subjective ratings of CE were not related to salivary cortisol or relapse but showed several associations with factors one and two of the TAS-20. The expectancy of enhanced social contacts by using alcohol (factor 1 of the B-AEQ) correlated negatively with the decline in salivary cortisol during the CE session in the third week of treatment. Subjective ratings of CE correlated with Alexithymiascores. CONCLUSIONS: Alcoholic patients who use alcohol to enhance their social contacts typically lack hypothalamo-hypophysical-pituitary-adrenocortical (HPA) reactivity in the early period of abstention. They are at an increased risk of early relapse and perhaps use alcohol to increase cortisol secretion again.   (Ergo, low-dose cortisol supplementation may help prevent relapse!—HHL)

Kalantaridou SN, Makrigiannakis A, Zoumakis E, Chrousos GP. Stress and the female reproductive system. J Reprod Immunol. 2004 Jun;62(1-2):61-8. 


The hypothalamic-pituitary-adrenal (HPA) axis, when activated by stress, exerts an inhibitory effect on the female reproductive system. Corticotropin-releasing hormone (CRH) inhibits hypothalamic gonadotropin-releasing hormone (GnRH) secretion, and glucocorticoids inhibit pituitary luteinizing hormone and ovarian estrogen and progesterone secretion. These effects are responsible for the "hypothalamic" amenorrhea of stress, which is observed in anxiety and depression, malnutrition, eating disorders and chronic excessive exercise, and the hypogonadism of the Cushing syndrome. In addition, corticotropin-releasing hormone and its receptors have been identified in most female reproductive tissues, including the ovary, uterus, and placenta. Furthermore, corticotropin-releasing hormone is secreted in peripheral inflammatory sites where it exerts inflammatory actions. Reproductive corticotropin-releasing hormone is regulating reproductive functions with an inflammatory component, such as ovulation, luteolysis, decidualization, implantation, and early maternal tolerance. Placental CRH participates in the physiology of pregnancy and the onset of labor. Circulating placental CRH is responsible for the physiologic hypercortisolism of the latter half of pregnancy. Postpartum, this hypercortisolism is followed by a transient adrenal suppression, which may explain the blues/depression and increased autoimmune phenomena observed during this period. (Ergo, physiological cortisol supplementation may be the best treatment for post-partum depression.  A simple saliva test would confirm the cortisol deficiency.—HHL)

Kamrath C, Boehles H. The low-dose ACTH test does not identify mild insufficiency of the hypothalamnic-pituitary-adrenal axis in children with inadequate stress response. J Pediatr Endocrinol Metab. 2010 Nov;23(11):1097-104.

OBJECTIVE: To investigate retrospectively the sensitivity of published cortisol cut-off points of the low-dose ACTH test (LDAT) in children with proven mild hypothalamic-pituitary-adrenal (HPA) axis insufficiency. PATIENTS AND METHODS: The HPA axis of 11 pediatric patients (age range: 5.5-14.5 yr) with established mild HPA axis insufficiency was reinvestigated with the LDAT. The sensitivity of the LDAT was calculated on the basis of published stimulated cortisol cut-off points. RESULTS: The LDAT showed both a significantly higher cortisol peak and a greater cortisol rise compared with the ITT (both P < 0.01). The LDAT yielded a low sensitivity of 9-55% using published cortisol cut-off points as references. CONCLUSION: Using published cortisol cut-off points, the LDAT showed a poor sensitivity to detect mild HPA axis insufficiency. We cannot recommend the use of the LDAT as a screening test of HPA axis impairment in such children. PMID: 21284322

Kanter ED, Wilkinson CW, Radant AD, Petrie EC, Dobie DJ, McFall ME, Peskind ER, Raskind MA. Glucocorticoid feedback sensitivity and adrenocortical responsiveness in posttraumatic stress disorder. Biol Psychiatry. 2001 Aug 15;50(4):238-45. 


BACKGROUND: Decreased basal cortisol levels have been reported in individuals with posttraumatic stress disorder (PTSD). There is evidence for enhanced negative feedback sensitivity of the hypothalamic-pituitary-adrenal (HPA) axis in PTSD, which could account for this, but other possible mechanisms have not been ruled out. We examined the HPA axis employing a metyrapone-cortisol infusion protocol designed to study negative feedback sensitivity. METHODS: Vietnam combat trauma-exposed subjects met DSM-IV criteria for PTSD. Exclusion criteria included substance abuse and most medications. Endogenous feedback inhibition was removed by blocking cortisol synthesis with oral metyrapone and reintroduced by intravenous infusion of cortisol. In a placebo condition, subjects received oral placebo and normal saline infusion. Serial blood samples drawn over 4 hours were assayed for adrenocorticotrophic hormone (ACTH), cortisol, and 11-deoxycortisol. Selected samples were assayed for cortisol binding globulin (CBG) and dehydroepiandrosterone (DHEA). RESULTS: Basal plasma cortisol was significantly decreased in PTSD subjects (n = 13) compared with control subjects (n = 16). No significant difference in the ACTH response to cortisol infusion following metyrapone was observed; however 11-deoxycortisol was significantly decreased in PTSD subjects. In addition, CBG was significantly increased in PTSD subjects, and DHEA was significantly decreased in both PTSD and combat-exposed control subjects. CONCLUSIONS: These observations suggest decreased adrenocortical responsiveness may be an additional or alternative mechanism accounting for low cortisol in PTSD. (Ergo, their disorder may be improved with physiological cortisol supplementation.—HHL)

Kapcala LP, Chautard T, Eskay RL. The protective role of the hypothalamic-pituitary-adrenal axis against lethality produced by immune, infectious, and inflammatory stress. Ann N Y Acad Sci. 1995 Dec 29;771:419-37. 

We have shown that ADX and HYPOX rats exhibit a markedly increased sensitivity to the lethal effects of IL-1-beta and LPS compared to sham controls with an intact HPAA. These results indicated that the reports of lethal effects of cytokines and LPS which generates cytokines in mice with a compromised HPAA were not idiosyncratic or specific to mice but represented a general response that would have been expected in any organism with a compromised HPAA. We further demonstrated that protection against lethal effects due to IL-1-beta or LPS could be produced by treating ADX rats with glucocorticoid in a quantity estimated to be equivalent to corticosterone secretion provoked during stress. In contrast, we found that acutely stalk-sectioned rats with pituitaries disconnected from hypothalamic regulation did not show a markedly increased susceptibility to lethal effects of LPS as did ADX or HYPOX rats. Although a minority of stalk-sectioned rats were killed by LPS, the majority of rats were protected from lethal actions of LPS. This response suggested that an intact pituitary-adrenal axis without the normal hypothalamic control could still provide significant protection presumably due to generation of cytokines which stimulated the pituitary over several hours. The results from our lethality studies clearly underscore the importance of activating the stress axis and increasing glucocorticoid secretion to protect against potentially lethal effects of cytokines that can be induced by immune, infectious, or inflammatory stimuli. Cytokine-stimulated effects can initially result in beneficial actions to the host by promoting immune/inflammatory responses that are protective in nature and help defend against a variety of invading stimuli (infectious, immune, inflammatory, traumatic, neoplastic). Normally the HPAA responds to cytokine stimulation by ultimately increasing glucocorticoid secretion in order to counterregulate cytokine actions, modulate the host response, and protect the host from excessively catabolic effects of unregulated cytokine generation and actions. For many years, clinicians have recognized that patients with deficient glucocorticoid secretion (e.g., Addison's disease or pituitary ACTH deficiency) require increased glucocorticoid replacement during episodes of fever, infection, or inflammatory stress. However, the reasons why stress-equivalent glucocorticoid replacement were required were not entirely clear. Now, we understand that glucocorticoids are critically important for protecting the host against its own defense mechanisms so that the stimulation of cytokines can facilitate a protective response against an invading insult without also killing the host. PMID: 8597419

Kappy MS, Drake A, Gao D, Ratliff R. Assessing adrenal function in primary care settings with a single sample subcutaneous glucagon test. J Pediatr. 2006 Nov;149(5):682-6.

OBJECTIVE: To test the efficacy of the low-dose glucagon test in assessing adrenal gland function. STUDY DESIGN: Subcutaneous glucagon was used to assess the hypothalamo-pituitary-adrenal gland (HPA) axis in 215 healthy children. Concordance of this test with the low-dose intravenous ACTH test was established for 42 children. Glucagon testing was conducted for 150 minutes after subcutaneous glucagon administration and for 30 minutes after 1 microg intravenous ACTH. RESULTS: Mean peak serum cortisol concentrations were 22.4 +/- 0.6 microg/dL (SEM) after subcutaneous glucagon and 20.0 +/- 0.6 microg/dL after intravenous ACTH. Specificity of 95% was found at peak cortisol concentrations of 9.5 and 12.5 microg/dL for the glucagon and ACTH tests, respectively. Concordance between the glucagon and ACTH tests was 90.5%. CONCLUSIONS: The glucagon test was found to be as good a test of the HPA axis as the ACTH test and had a 90.5% concordance with it. The ease of performing the glucagon test, namely, obtaining a single sample of blood 150 minutes after the subcutaneous administration of glucagon, makes it a useful method of assessing the HPA axis in primary care settings.

Karl M, Onumah BM, Cole J, Golding J, Burman KD, Wartofsky L.Hypocortisolemia in Graves hyperthyroidism. Endocr Pract. 2009 Apr;15(3):220-4.

OBJECTIVE: To assess the risk of concomitant adrenal sufficiency in 2 patients with Graves thyrotoxicosis. METHODS: We present the clinical course and laboratory findings of 2 patients with hyperthyroidism associated with low basal serum cortisol and briefly review the literature with regard to possible mechanisms of hypocortisolemia in thyrotoxic states. RESULTS:  Two women aged 37 and 43 years with long-standing Graves disease presented with hyperthyroidism secondary to nonadherence to prescribed antithyroid medications. Both women also had symptoms suggestive of adrenal insufficiency including nausea, vomiting, and diffuse abdominal pain in Patient 1 and fatigue and hypotension in Patient 2. In both patients, physical examination findings were consistent with hyperthyroidism. Laboratory results of Patient 1 included the following: thyrotropin, <0.002 mIU/L; free thyroxine, >6 microg/dL; and total triiodothyronine, 539 ng/dL. Laboratory results of Patient 2 included the following: thyrotropin, <0.002 mIU/L; free thyroxine, <6 microg/dL; and total triiodothyronine, 539 ng/dL. Morning basal cortisol levels were 0.9 microg/dL in Patient 1 and 0.6 microg/dL in Patient 2. Because of the low basal serum cortisol levels, the patients underwent a high-dose (250 mcg) cosyntropin-stimulation test; however, both patients had adequate cortisol response. At 60 minutes, serum cortisol concentration was 31.4 microg/dL in Patient 1 and 25.5 microg/dL in Patient 2. After adequately treating the hyperthyroidism, basal cortisol levels in both patients returned to the reference range. CONCLUSION: Symptomatic hypocortisolemia may be present in severe hyperthyroidism, and it resolves with adequate treatment of the hyperthyroidism. PMID: 19364689

Kasperlik-Zaluska AA, Czarnocka B, Czech W, Walecki J, Makowska AM, Brzezinski J, Aniszewski J. Secondary adrenal insufficiency associated with autoimmune disorders: a report of twenty-five cases.  Clin Endocrinol (Oxf). 1998 Dec;49(6):779-83. 

OBJECTIVE: Addison's disease is frequently a component of autoimmune polyendocrinopathies while secondary adrenal insufficiency associated with autoimmune disorders is believed to be a rare event. We present a series of patients with secondary adrenal insufficiency coexisting with autoimmune diseases and/or antithyroid autoantibodies. DESIGN AND PATIENTS: Among a group of 102 patients with secondary adrenal failure of unknown origin diagnosed at the Department of Endocrinology of the Centre for Postgraduate Medical Education (Warsaw, Poland) we have identified a group with associated autoimmune disorders. Thyroid abnormalities occurred most frequently. Other diseases included insulin-dependent diabetes mellitus, pernicious anaemia, vitiligo, premature ovarian failure and autoimmune thrombocytopaenia. There were 23 women and one man aged 17-72 years at the time of investigation. Additionally, we included a woman with Addison's disease in whom the ACTH deficiency appeared 18 years after the onset of primary adrenal hypofunction. MEASUREMENTS: Pituitary-adrenal function tests comprised urinary excretion of 17-hydroxycorticosteroids in basal conditions and during a 2-day tetracosactrin test, plasma concentrations of ACTH and cortisol, and a 2-day metyrapone test (in eight cases). Thyroid function and immunity tests were: TSH, thyroxine, the antithyroglobulin, antimicrosomal and anti-peroxidase autoantibodies. Other endocrine studies included: serum LH, FSH and PRL. RESULTS: The 17-hydroxycorticosteroid values, both basally and during stimulation tests were consistent with a diagnosis of secondary adrenal insufficiency. Serum cortisol and plasma ACTH concentrations were low. In 14 patients primary hypothyroidism was confirmed by low T4 levels. In three patients subclinical primary hypothyroidism was revealed (elevated TSH levels). Three patients who had a past history of Graves' disease were euthyroid at the time of investigation. Twenty-three patients had antibodies against peroxidase. Most patients had gonadotrophins and PRL values within normal limits. CONCLUSIONS: The co-existence of autoimmune disorders with secondary adrenal insufficiency suggests an autoimmune aetiology for the ACTH deficiency. (OR, the ACTH and cortisol deficiency cause autoimmune disorders—HHL)

Kebapcilar L, Bilgir O, Alacacioglu A, Yildiz Y, Taylan A, Gunaydin R, Yuksel A, Karaca B, Sari I. Impaired hypothalamo-pituitary-adrenal axis in patients with ankylosing spondylitis. J Endocrinol Invest. 2010 Jan;33(1):42-7.

Background: To investigate the hypothalamic-pituitary-adrenal (HPA) axis in patients with ankylosing spondylitis (AS) and healthy controls. Methods: 49 AS patients and 20 healthy controls were included. Low dose adrenocorticotropin (ACTH) test was used to assess the HPA axis. Basal cortisol, stimulated peak cortisol levels and acute phase reactants (CRP, ESR and fibrinogen) were studied. Bath Ankylosing Spondylitis Functional Index (BASFI), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and Bath Ankylosing Spondylitis Metrology Index (BASMI) were also evaluated. Results: Patient and control groups were not different regarding age, sex, BMI and waist circumference (WC). Basal cortisol levels did not show a significant difference between groups. However, cortisol increment after low-dose ACTH was significantly impaired in AS subjects than in controls (20.0+/-4.4 vs. 24+/-2.2 mu/dL, p<0.001). 11 AS patients had impaired cortisol peak after LDST when a cortisol cut-off is accepted as 500nmol/L (18mu/dL) and none of the controls exhibited a peak cortisol responses to LDST lower than 500 nmol/L. Comparison of AS subjects who were recieving anti-TNF (n=23), and conventional therapy (n=26) yielded similar basal and peak cortisol concentrations. Peak cortisol cocentrations were associated with basal cortisol, impaired cortisol response, CRP, and fibrinogen. Impaired cortisol response (subjects with peak cortisol levels below 18mu/dL) was significantly correlated with basal and peak cortisol concentrations and BASDAI. Conclusion: Our results indicate an increased prevalence of subclinical glucocorticoid deficiency in AS patients. Anti TNF treatment usage seems not to have effect on HPA axis. PMID: 19620823

Kehlet H, Binder C, Value of an ACTH Test in Assessing Hypothalamic-Pituitary-Adrenocortical Function in Glucocorticoid-treated Patients. Br Med J. 1973 April 21; 2(5859): 147–149.

Forty-eight patients receiving glucocorticoid treatment (5-15mg pred/day long-term-HHL) were tested with ACTH stimulation using α1, 24 ACTH (tetracosactrin). All patients subsequently underwent non-acute major surgery without any glucocorticoid administration, and their clinical course and plasma corticosteroids were followed closely. No case of adrenocortical insufficiency was observed. A highly significant correlation was found between the pre-operative adrenocortical response to ACTH and the hypothalmic-pituitary-adrenocortical (H.P.A.) response to surgery. A normal response to ACTH stimulation was never followed by a greatly impaired H.P.A. response to surgery. It seems that a simple ACTH stimulation test is reliable in predicting the integrated H.P.A. response to major stress in glucocorticoid-treated patients.

Keller-Wood M, Silbiger J, Wood CE. Progesterone attenuates the inhibition of adrenocorticotropin responses by cortisol in nonpregnant ewes. Endocrinology. 1988 Jul;123(1):647-51.

This study was designed to test whether increases in plasma progesterone (P) reduce the efficacy of plasma cortisol (F) in inhibition of ACTH responses to stimuli. Five nonpregnant ewes were each infused with ethanol-saline vehicle, F (4 micrograms/kg.min), P (0.5 or 2.0 microgram/kg.min), or P and F for 60 min. One hour after the end of the vehicle or steroid infusions, nitroprusside (20 micrograms/kg.min) was infused for 10 min to induce hypotension-stimulated ACTH secretion. Nitroprusside produced similar decreases in arterial blood pressure in all groups. Infusion of F alone inhibited plasma ACTH responses to hypotension. Whereas infusion of P without F did not significantly change plasma ACTH responses to hypotension, infusion of P with F caused greater ACTH responses to hypotension than did infusion of F alone. The results indicate that P can interfere with the delayed feedback effect of F in vivo. PMID: 2838268

Keller-Wood M, Silbiger J, Wood CE. Progesterone-cortisol interaction in control of renin activity but not aldosterone. Am J Physiol. 1990 Aug;259(2 Pt 2):R350-6.

In addition to its effect of inhibiting adrenocorticotropic hormone (ACTH) secretion, cortisol (hydrocortisone) inhibits the renin-angiotensin system in both fetal and adult sheep. We have found that progesterone attenuates the inhibition of ACTH by cortisol. These studies test whether progesterone interacts with cortisol in control of the renin-angiotensin-aldosterone system. Conscious adult ewes were infused with vehicle, cortisol (4 micrograms.kg-1.min-1), progesterone (0.5 microgram.kg-1.min-1), or cortisol with progesterone for 60 min. Beginning 120 min after the start of the infusion, renin secretion was stimulated by infusing sodium nitroprusside (10 micrograms.kg-1.min-1 iv). Cortisol infusion decreased plasma K+ concentration and reduced the plasma renin activity (PRA) and aldosterone responses to nitroprusside. Progesterone alone had no effect on PRA, aldosterone, or K+. Progesterone reduced the inhibition of PRA, but not aldosterone or K+, by cortisol. The data also indicate that the suppression of renin, as well as the suppression of ACTH, involves receptors or intracellular mechanisms with which progesterone interacts, whereas the inhibition of aldosterone involves a mechanism that progesterone does not affect.

Kerdelhué B, Andrews MC, Zhao Y, Scholler R, Jones HW Jr. Short term changes in melatonin and cortisol serum levels after a single administration of estrogen to menopausal women. Neuro Endocrinol Lett. 2006 Oct;27(5):659-64.

OBJECTIVES: It has been well-documented that serum melatonin levels are insensitive to estrous or menstrual ovarian steroid variations in the female rat or the human. However, a negative coupling has been already demonstrated between the nocturnal serum melatonin peak and serum E2 concentration during the late premenopausal period in the woman. The objection of the present study was designed to determine if diurnal serum melatonin values can be also lowered by a single administration of estrogen. METHODS: We performed a detailed analysis of variations of serum estradiol, LH, FSH, melatonin and cortisol after one single I.M. injection of 2 mg of a conjugated estrogen, delestrogen (estradiol valerate) in 0.1 ml of oil. A 15 ml blood collection was done at 8:00 a.m. before the injection, and at 8:30 a.m., 9:00 a.m., 10:00 a.m., 12:00 noon, and 4:00 p.m. 17beta-estradiol, LH and FSH were determined by microparticle enzyme immunoassays kits. Melatonin determination was made using a RIA kit and cortisol was assayed by a RIA method. RESULTS: A significant rise in serum 17beta-estradiol was already seen by one hour after the injection of estradiol valerate. Then, an almost linear increase was observed up to at last eight hours after the injection of estradiol valerate. A significant decrease in serum LH was not seen before four hours after the injection of estradiol valerate. Overall, there was a trend toward a decline in serum melatonin and cortisol concentration. The decreasing trend of cortisol serum level was tested as significant over time (p< 0.001). However, the decrease in serum concentration did not reach a significant level for melatonin. CONCLUSION: Overall, these results show that after menopause an acute administration of estrogen during the early diurnal period of the day leads to a significant rapid decrease in cortisol serum values, but to only a partial non significant decrease in melatonin serum values.

Keuneke C, Schlöndorff D. [Hypothyreoidism with thyroglobulin antibodies during corticoid replacement in a 54-year-old man with isolated ACTH deficiency] Dtsch Med Wochenschr. 2000;125(37):T18-T21.

Hypothyroidism with thyroglobulin antibodies during corticoid replacement in a 54-year-old man with isolated ACTH deficiency. HISTORY AND ADMISSION FINDINGS: A 54-year-old previously healthy man was admitted because of fatigue, tiredness, diarrhoea and weight loss for the last 3 years. Physical examination revealed dry but normally pigmented skin and markedly reduced Achilles reflex bilaterally. INVESTIGATIONS: Erythrocyte sedimentation rate was slightly elevated at 32 mm/h, C-reactive protein was normal. Both haemoglobin (12.4 mg/dl) and the corpuscular indices were normal, as were serum electrolytes, and sodium bicarbonate. But basal levels of thyroid stimulating hormone (TSH, 8.5 mU/ml) was markedly elevated, while free peripheral triiodothyronine (3.2pg/ml) was normal and free thyroxine (fT4) at 0.7 ng/d was slightly reduced. Thyroid ultrasound was normal. Test for antinuclear antibodies was slightly positive, but double-strand DNA was not demonstrated. Antithyroglobulin antibodies were slightly raised to 1012 IU/ml (normal <350). The basic level of ACTH was repeatedly below detection, as were plasma cortisol and cortisol excretion in 24-hour urine. Nuclear magnetic imaging was normal. Failure to stimulate corticol synthesis in the short ACTH test and by CRH indicated an isolated ACTH deficiency at the level of the anterior pituitary, while other hypophyseal functions were unaffected. TREATMENT AND COURSE: The patient"s condition rapidly improved on replacement with hydrocortisone, 30 mg/d, and thyroxine, 100 mg/d. No thyroglobulin antibodies or antinuclear antibodies were demonstrable after 6 months. Thyroxine was discontinued after 15 months. Frequent monitoring of thyroid function over the next 2 years always indicated a euthyroid state. CONCLUSION: Subnormal concentration of peripheral thyroid hormone combined with elevated TSH levels can, in the presence of hypercorticolism, be due to reversible abnormal thyroid function. PMID: 1275101621

Kidambi S, Raff H, Findling JW. Limitations of nocturnal salivary cortisol and urine free cortisol in the diagnosis of mild Cushing's syndrome. Eur J Endocrinol. 2007 Dec;157(6):725-31.

OBJECTIVE: Cushing's syndrome (CS) is difficult to diagnose due to its nonspecific presentation. Diagnostic tests like 24-h urine free cortisol (UFC) and the overnight 1 mg dexamethasone suppression test (DST) lack sufficient sensitivity and specificity. Measurement of nocturnal salivary cortisol (NSC) is an accurate and reproducible test with a high sensitivity for CS. However, its performance in mild CS has not been reported. We present 11 cases of CS with normal or mildly elevated UFC in whom NSC was helpful in making a diagnosis. DESIGN AND METHODS: All patients had at least one collection of 24-h UFC and NSC and eight had an overnight 1 mg DST. The number of NSC measurements per patient was determined by the clinical index of suspicion and the results of initial testing. Imaging studies included magnetic resonance imaging (MRI) of pituitary or computer tomography scan of abdomen. RESULTS: Only four out of eleven patients had elevations in UFC and none were >2 times the upper limit of normal. Seven out of eight had an abnormal DST. All patients had some elevated NSCs (14-100%). Out of eleven patients, six had an abnormality in the pituitary gland found by MRI and two out of eleven had adrenal masses. The remaining three had normal pituitary MRI but had inferior petrosal sinus (IPS) sampling indicating Cushing's disease. All patients had appropriate surgery, and histopathology of all except one was suggestive of either a cortisol-producing adrenal adenoma or an ACTH-secreting pituitary adenoma. CONCLUSION: Neither a normal UFC nor a normal NSC excludes mild CS. Multiple samples (urine/saliva) and DST are needed to make the diagnosis of mild CS.

Klaitman V, Almog Y. Corticosteroids in sepsis: a new concept for an old drug. Isr Med Assoc J. 2003 Jan;5(1):51-5. 


Sepsis is an inflammatory syndrome caused by infection. Consequently, anti-inflammatory therapy in sepsis has been a subject of extensive research, and corticosteroids have long been used to treat severe infections. However, studies conducted in the 1980s failed to demonstrate any beneficial effects of high dose, short-term steroid therapy in sepsis and this therapy was therefore abandoned in the last decade. Recently, a new concept has emerged with more promising results--low dose, long-term hydrocortisone therapy- and this approach is now being evaluated in the treatment of septic shock. It is supported by the observation that many sepsis patients have relative adrenal insufficiency. Moreover, the anti-inflammatory effects of steroids and their ability to improve reactivity to catecholamines further contribute to their effects in sepsis. Large randomized clinical trials will be required to determine the exact role of corticosteroids in septic shock.

Koetz KR, Ventz M, Diederich S, Quinkler M. Bone mineral density is not significantly reduced in adult patients on low-dose glucocorticoid replacement therapy. J Clin Endocrinol Metab. 2012 Jan;97(1):85-92. 

Context: Patients with primary adrenal insufficiency (PAI) and patients with congenital adrenal hyperplasia (CAH) receive glucocorticoid replacement therapy, which might cause osteoporosis. Objectives: Questions addressed by this study were: 1) Is bone mineral density (BMD) reduced in PAI and CAH on lower glucocorticoid doses than previously reported? 2) Is BMD in PAI influenced by the type of glucocorticoid used? and 3) Does DHEA treatment affect BMD in PAI women? Design and Patients: We conducted a prospective, cross-sectional study including 81 PAI patients and 41 CAH patients. Main Outcome Measures: BMD was measured by dual-energy x-ray absorptiometry. Serum levels of bone turnover markers, minerals, vitamins, hormones, and urinary crosslinks were measured. Results: PAI and CAH patients received average daily hydrocortisone doses of 12.0 ± 2.7 mg/m(2) (range, 4.9-19.1) and 15.5 ± 7.8 mg/m(2) (range, 5.7-33.7), respectively. BMD varied within the normal reference range (-2 to +2) in both cohorts. However, lower Z-scores for femoral neck and Ward's region were found in CAH compared to PAI women, but not in men. Prednisolone treatment showed significant lower osteocalcin levels and lower Z-scores for lumbar spine and femoral neck compared to PAI patients on hydrocortisone. PAI women treated with DHEA had significantly lower urinary collagen crosslinks and bone alkaline phosphatase, and significantly higher Z-scores in lumbar spine and femoral Ward's region compared to non-DHEA-treated women. Conclusions: Adult PAI and CAH patients on low glucocorticoid doses showed normal BMD within the normal reference range. The use of longer acting prednisolone resulted in significantly lower BMD in PAI. In addition, DHEA treatment may have a beneficial effect on bone in Addison's women. PMID: 21994966

Kraan GP, Dullaart RP, Pratt JJ, Wolthers BG, Drayer NM, De Bruin R. The daily cortisol production reinvestigated in healthy men. The serum and urinary cortisol production rates are not significantly different. J Clin Endocrinol Metab. 1998 Apr;83(4):1247-52.

We have measured the urinary cortisol production rate (uCPR) simultaneously with the serum cortisol production rate (sCPR) in four healthy men within a period of 3 days. uCPR, determined by isotope dilution of 11-oxoetiocholanolone was compared with sCPR, which was measured in three different ways (a, b, c). Blood was sampled at 10-min intervals for 24 h, and deconvolution analysis was applied to the cortisol concentrations. The daily serum cortisol production per liter, multiplied by the distribution volume yielded sCPR. The measurement methods are characterized as follows: a) the secretion and elimination terms were free; b) like method a, but with the input of the rate constants alpha and beta into the elimination function; c) the average 24-h cortisol concentration was multiplied by the metabolic clearance rate. uCPR was 25.4 +/- 4.7 [range: 21.3-31.4] micromol/(m2 x day), sCPR (method a) was 28.8 +/- 4.5 [range: 23.5-34.3] micromol/(m2 x day), sCPR (method b) was 27.9 +/- 8.1 [range: 18.5-37.7] micromol/(m2 x day), and sCPR (method c) was 29.3 +/- 4.8 [range: 22.7-33.2] micromol/(m2 x day). uCPR did not significantly differ from each of the 3 sCPR values (P > 0.30; > 0.46; and > 0.06, respectively). The patterns of the cortisol secretory rates in the present and previous studies do not necessarily represent the physiological process of the secretory bursts. We conclude that the estimated CPR, being 25-30 micromol/(m2 x day) [9-11 mg/(m2 x day)], can serve as a guideline for glucocorticoid replacement dose and that the urinary route to measure CPR is preferred because of its relative ease. PMID: 9543150

Kudielka BM, Buske-Kirschbaum A, Hellhammer DH, Kirschbaum C. HPA axis responses to laboratory psychosocial stress in healthy elderly adults, younger adults, and children: impact of age and gender. Psychoneuroendocrinology. 2004 Jan;29(1):83-98.

Data from five independent studies were reanalyzed in order to investigate the impact of age and gender on HPA axis responses to an acute psychosocial laboratory stress task. The total sample consisted of 102 healthy subjects with 30 older adults (mean age: 67.3 y), 41 young adults (mean age: 23.5 y), and 31 children (mean age: 12.1 y). All participants were exposed to the Trier Social Stress Test (TSST).The stress protocol caused highly significant ACTH and total plasma cortisol responses in older and younger male and female adults (all p<0.0001) as well as salivary free cortisol responses in all six age and gender groups (all p<0.0001). Three-way ANOVAs for repeated measurement were applied to investigate the impact of age and gender on ACTH and cortisol responses. Results showed that the ACTH response to stress was higher in younger adults compared to older adults (main effect: p=0.009, interaction: p=0.06). Post hoc analyses revealed that there was no age effect in the subgroup of women (p=n.s.), while younger men had higher ACTH responses compared to older men (p=0.01). For total plasma cortisol, ANOVA results showed that the pattern of reactivity did not differ between age and gender groups (all interactional effects p=n.s.), although older females had hightened overall cortisol levels compared to the other groups, as proofed in post hoc analyses (all p<0.05). For free salivary cortisol, a significant main effect of gender (p=0.05) and an almost significant three-way-interaction (p=0.09) emerged. Post hoc analyses showed an elevated overall free salivary cortisol response in elderly men compared to elderly women (p=0.006), while no gender differences emerged in neither young adults nor children (both p=n.s.).In sum, the stressor induced significant HPA axis responses in all age and gender groups. The observed ACTH response patterns in young and elderly adults may suggest that a heightened hypothalamic drive in young men decreases with age, resulting in similar ACTH responses in elderly men and women. Alternative interpretations are also discussed. The data also supports the idea of a greater adrenal cortex sensitivity to ACTH signals in young females. Free salivary cortisol responses were elevated in elderly men compared to elderly women, an effect which cannot be explained by gender differences in perceived stress responses to the TSST. It can be speculated if corticosteroid binding globulin (CBG) and/or sex steroids are important modulators of these effects.

Lamberts SW. The glucocorticoid insensitivity syndrome. Horm Res. 1996;45 Suppl 1:2-4. 

Recent studies demonstrate that primary (hereditary) abnormalities in the glucocorticoid receptor gene make 6.6% of the normal population relatively 'hypersensitive' to glucocorticoids, while 2.3% are relatively 'resistant'. These abnormalities might explain the well-known phenomenon that some individuals develop severe adverse effects during therapy with a low dose of glucocorticosteroids, while others do not develop side effects even during long-term therapy with a much higher dose. This heterogeneity in glucocorticoid sensitivity in the normal population might eventually allow the prediction of a 'safe' dose of glucocorticosteroids in individual patients. 'Resistance' to the beneficial clinical effects of glucocorticosteroid therapy in some patients with severe rheumatoid arthritis and asthma is probably seldom related to generalized primary (hereditary) glucocorticoid resistance. In most patients this 'resistance' seems to be acquired and localized to the inflammation sites, where it is caused by high local cytokine production which interferes with glucocorticoid action. Recognition of localized, acquired glucocorticoid resistance is of great importance, as alternative drug therapy with other immune-modulating drugs, such as cyclosporin and methotrexate, should be considered. Chronic high-dose glucocorticosteroid treatment in such patients insufficiently reduces symptomatology, while generalized side effects occur, as the rest of the body of the patient has a normal sensitivity to these drugs.

Larsson CA, Gullberg B, Råstam L, Lindblad U. Salivary cortisol differs with age and sex and shows inverse associations with WHR in Swedish women: a cross-sectional study. BMC Endocr Disord. 2009 Jun 21;9:16. doi: 10.1186/1472-6823-9-16.

BACKGROUND: Most studies on cortisol have focused on smaller, selected samples. We therefore aimed to sex-specifically study the diurnal cortisol pattern and explore its association with abdominal obesity in a large unselected population. METHODS: In 2001-2004, 1811 men and women (30-75 years) were randomly selected from the Vara population, south-western Sweden (81% participation rate). Of these, 1671 subjects with full information on basal morning and evening salivary cortisol and anthropometric measurements were included in this cross-sectional study. Differences between groups were examined by general linear model and by logistic and linear regression analyses. RESULTS: Morning and Delta-cortisol (morning - evening cortisol) were significantly higher in women than men. In both genders older age was significantly associated with higher levels of all cortisol measures, however, most consistently with evening cortisol. In women only, age-adjusted means of WHR were significantly lower in the highest compared to the lowest quartile of morning cortisol (p = 0.036) and Delta-cortisol (p < 0.001), respectively. Furthermore, when comparing WHR above and below the mean, the age-adjusted OR in women for the lowest quartile of cortisol compared to the highest was 1.5 (1.0-2.2, p = 0.058) for morning cortisol and 1.9 (1.3-2.8) for Delta-cortisol. All findings for Delta-cortisol remained after adjustments for multiple covariates and were also seen in a linear regression analysis (p = 0.003). CONCLUSION: In summary, our findings of generally higher cortisol levels in women than men of all ages are novel and the stronger results seen for Delta-cortisol as opposed to morning cortisol in the association with WHR emphasise the need of studying cortisol variation intra-individually. To our knowledge, the associations in this study have never before been investigated in such a large population sample of both men and women. Our results therefore offer important knowledge on the descriptive characteristics of cortisol in relation to age and gender, and on the impact that associations previously seen between cortisol and abdominal obesity in smaller, selected samples have on a population level. PMID: 19545400

Lee EE, Nieman LK, Martinez PE, Harsh VL, Rubinow DR, Schmidt PJ. ACTH and cortisol response to Dex/CRH testing in women with and without premenstrual dysphoria during GnRH agonist-induced hypogonadism and ovarian steroid replacement. J Clin Endocrinol Metab. 2012 Jun;97(6):1887-96.

CONTEXT: During conditions of ovarian suppression, women with premenstrual dysphoria (PMD) experience abnormal behavioral responses to physiological levels of ovarian steroids. Although hypothalamic-pituitary-adrenal (HPA) axis dysregulation frequently accompanies depression, and ovarian steroids regulate HPA axis responsivity, the role of HPA axis dysregulation in PMD is not known. We hypothesized that women with PMD would show abnormalities of HPA axis function analogous to those reported in depressive illness, and that ovarian steroids would differentially regulate HPA axis function in women with PMD compared with asymptomatic controls (AC). OBJECTIVE: Our objective was to characterize the HPA axis response to physiological levels of estradiol and progesterone in women with PMD and AC. DESIGN AND SETTING: We conducted an open-label trial of the GnRH agonist depot Lupron with ovarian steroid replacement administered in a double-blind crossover design in an outpatient clinic. PARTICIPANTS: Forty-three wom en (18 with prospectively confirmed PMD and 25 AC) participated. INTERVENTIONS: Women received Lupron for 6 months. After 3 months of hypogonadism, women received 5 wk each of estradiol (100-μg patch daily) or progesterone (suppositories 200 mg twice daily). During each condition, combined dexamethasone-suppression/CRH-stimulation tests and 24-h urinary free cortisol levels were performed. MAIN OUTCOME MEASURES: Plasma cortisol and ACTH levels were evaluated. RESULTS: HPA axis function was similar in PMD compared with AC. In all, progesterone significantly increased the secretion of cortisol compared with estradiol [area under the curve (t(74) = 3.1; P < 0.01)] and urinary free cortisol (t(74) = 3.2; P < 0.01) and ACTH compared with hypogonadism [area under the curve (t(74) = 2.4; P < 0.05)]. CONCLUSIONS: HPA axis regulation is normal in PMD, suggesting that the pathophysiology of PMD differs from major depression. As observed previously, progesterone but not estradiol up-regulates HPA axis function in women. PMID: 22466349

Leiba S, Kaufman H, Winkelsberg G, Bahary C. Transitory hypoadrenalism due to long-term treatment with antiovulatory compounds. Isr J Med Sci. 1979 May;15(5):434-7.

A considerable number of women receiving antiovulatory compounds or estrogens complain of weakness and fatigability, suggesting a state of clinical hypoadrenalism. For this reason, levels of plasma ACTH and plasma cortisol were determined in 25 women with such complaints both during treatment and at various intervals after cessation of this treatment. The results obtained showed that there was a significant inhibition of ACTH secretion during long-term treatment with antiovulatory compounds or estrogens, and in half of the cases, there was a delay in normalization of the pituitary-adrenal axis following interruption of the drug, supporting a state of transitory hypoadrenalism. PIP: 25 women who had been treated with antiovulatory compounds or estrogens were tested to determine the plasma levels of adrenal cortex hormone (ACTH) and plasma cortisol while the subjects were still undergoing treatment (23/25) and after treatment interruption (2/25). These determinations were made to establish a state of clinical hypoadrenalism resulting from use of oral contraceptives (OCs). During treatment with antiovulatory compounds or estrogens, plasma cortisol was significantly increased in 11 cases, and in another 9, it was within the upper range of normal. In contrast, the level of plasma ACTH was lower than normal or at the lower range of normal in 22/23 cases. 2 months after interruption of the OCs, only 11/20 patients who remained under follow-up had normal levels of plasma ACTH; the blood cortisol levels were also normal in 10 of these patients and higher than normal in one patient. These results indicate a normal rebound of pituitary-adrenal function. In 5 cases, ACTH levels were subnormal and cortisol levels were low normal or subnormal from 4-8 months after interruption of treatment, suggesting a state of secondary adrenal insufficiency. In these patients, the tendency to return to normal became apparent 3-4 months later. In 4 cases, the level of ACTH returned to normal earlier than that of plasma cortisol, suggesting a transitory adrenal insufficiency due to delayed normalization of adrenal function in comparison with that of the pituitary. A tendency to normalization of the cortisol secretion was also seen several months later in these patients. These results indicate that there was a significant inhibition of ACTH secretion during long-term treatment with OCs, and in half of the cases, there was a delay in normalization of the pituitary-adrenal axis after interruption of the drug, supporting a state of transitory hypoadrenalism. PMID: 221439

Leitch MM, Ingram CD, Young AH, McQuade R, Gartside SE. Flattening the corticosterone rhythm attenuates 5-HT1A autoreceptor function in the rat: relevance for depression. Neuropsychopharmacology. 2003 Jan;28(1):119-25. 


Depression is associated with glucocorticoid abnormalities, in particular a flattening of the diurnal cortisol rhythm. Recent data suggest that an important factor in the aetiology of depression may be a deficit in the function and expression of 5-HT(1A) receptors, which has been reported in depressed patients. The present study assessed the possibility that this cortisol abnormality is causal in the 5-HT(1A) receptor deficits. First, a rat model of flattened glucocorticoid rhythm was developed. Controlled release corticosterone pellets implanted for 14 days flattened the corticosterone rhythm and maintained levels constant midway between the nadir and zenith levels observed in sham-operated rats. Secondly, using microdialysis to assess 5-HT release in the hippocampus, the inhibitory response to 8-OHDPAT was measured to determine the sensitivity of somatodendritic 5-HT(1A) autoreceptors. Corticosterone treatment was found to induce a significant attenuation in the response to 8-OHDPAT, indicating functional desensitization of somatodendritic 5-HT(1A) autoreceptors. There was no effect of corticosterone treatment on basal extracellular 5-HT levels. The data suggest that the glucocorticoid abnormalities associated with depression may impact on the functioning of 5-HT(1A) receptors in the brain. These findings suggest that resolution of cortisol abnormalities may be a valuable target for pharmacotherapy in the treatment of depression.

Leproult R, Colecchia EF, L'Hermite-Baleriaux M, Van Cauter E. Transition from dim to bright light in the morning induces an immediate elevation of cortisol levels. J Clin Endocrinol Metab. 2001 Jan;86(1):151-7. 


The only well documented effect of light exposure on endocrine function is the suppression of nocturnal melatonin. Bright light exposure has behavioral effects, including the alleviation of sleepiness during nocturnal sleep deprivation. The present study examines the effects of bright light on the profiles of hormones known to be affected by sleep deprivation (TSH) or involved in behavioral activation (cortisol). Eight healthy men participated each in three studies involving 36 h of continuous wakefulness. In one study, the subjects were exposed to constant dim light (baseline). In the two other studies, dim light exposure was interrupted by a 3-h period of bright light exposure either from 0500-0800 h (early morning study) or from 1300-1600 h (afternoon study). Blood samples were obtained every 15 min for 24 h to determine melatonin, cortisol, and TSH concentrations. Alertness was estimated by the number of lapses on two computerized vigilance-sensitive performance tasks. The early morning transition from dim to bright light suppressed melatonin secretion, induced an immediate, greater than 50% elevation of cortisol levels, and limited the deterioration of alertness normally associated with overnight sleep deprivation. No effect was detected on TSH profiles. Afternoon exposure to bright light did not have any effect on either hormonal or behavioral parameters. The data unambiguously demonstrate an effect of light on the corticotropic axis that is dependent on time of day.(The sleep-wake transition also raised cortisol levels in the absence of light—HHL)

Li L, Power C, Kelly S, Kirschbaum C, Hertzman C. Life-time socio-economic position and cortisol patterns in mid-life.Psychoneuroendocrinology. 2007 Aug;32(7):824-33. 


The influence of adversity over long periods of the life-span on adult cortisol metabolism is not established. We assess whether morning cortisol levels are associated with socio-economic position (SEP) from birth to mid-adulthood, and if so, whether the association is due primarily to SEP in childhood, adulthood or both. Data are from 6335 participants in the 1958 British birth cohort, with salivary cortisol samples collected at 45yr. Two saliva samples were obtained on the same day: 45min post-waking (t1) and 3h later (t2). Median t1 and t2 cortisol values were 18.80 and 7.10nmol/l for men; 19.60 and 6.60nmol/l for women. Three outcomes were constructed: (1) extreme t1 cortisol (top and bottom 5%), (2) area-under-curve (AUC), and (3) abnormal t1-t2 pattern. All three outcomes were associated with lifetime SEP but the relative contribution of childhood and adulthood SEP varied by outcome measure. Our results suggest that the impact of less advantaged SEP over a lifetime would lead to an approximate doubling of the proportion of extreme post-waking cortisol levels for both sexes; an 8% and 10% increase, respectively for females and males in AUC, and an increased risk of having an abnormal cortisol pattern of 60% and 91%. SEP differences were independent of time of waking and sample collection, and in most instances, remained after adjustment for smoking and body mas index (BMI). Thus, our study provides evidence for effects of chronic adversity on cortisol in mid-adult life.

Ligeiro de Oliveira AP, Oliveira-Filho RM, da Silva ZL, Borelli P, Tavares de Lima W. Regulation of allergic lung inflammation in rats: interaction between estradiol and corticosterone. Neuroimmunomodulation. 2004;11(1):20-7.

OBJECTIVE: One third of asthmatic women report a decreased expiratory peak flow during menses. Since asthma is characterized by lung inflammation and bronchopulmonary hyperresponsiveness, we investigated the role played by estradiol in allergic lung inflammation. METHODS: Cell migration to the lungs of allergic female rats subjected to oophorectomy (OVx) was compared to that in their sham-operated (sham) control counterparts. Seven days after OVx or sham operation, the rats were sensitized intraperitoneally with ovalbumin (OA, 1 mg/kg) suspended in aluminum hydroxide (day 0). At day 7, a subcutaneous booster of OA was performed and an aerosolized OA challenge was carried out at day 14. One day later (day 15), the rats were killed and cell counts were performed in bronchoalveolar lavages (BAL), in peripheral blood and in bone marrow lavages. RESULTS: After the antigen challenge, OVx rats showed a significant decrease in cell migration to the lung as compared to sham-operated rats. Differential analyses of BAL revealed a reduced number of eosinophils, mononuclear cells and neutrophils. In contrast, in bone marrow as well as in the peripheral blood the numbers of eosinophils, mononuclear cells and neutrophils were increased relative to sham controls. Mast cell numbers were similar in both groups. The estradiol receptor antagonist tamoxifen decreased the allergic lung inflammation in intact rats down to levels similar to those found in untreated OVx rats. In contrast, 17beta-estradiol replacement in OVx rats reestablished the allergic lung inflammation, as observed by an elevated number of eosinophils, mononuclear cells and neutrophils recovered in BAL. Similarly, an elevated number of inflammatory cells were quantified in BAL from allergic OVx rats when corticosterone effects were blocked with metyrapone or RU-486. CONCLUSION: Our results suggest that estradiol has proinflammatory actions on the allergic lung response, and these actions seem to be mediated, at least in part, by endogenous glucocorticoids. (Estradiol inhibits production of 11betaHDS type 1 and therefore reduces tissue cortisol levels. Another reason why women have a much higher incidence of relative cortisol insufficiency.—HHL)

Linder BL, Esteban NV, Yergey AL, Winterer JC, Loriaux DL, Cassorla F. Cortisol production rate in childhood and adolescence. J Pediatr. 1990 Dec;117(6):892-6.

We studied the daily cortisol production rate in 33 normal children and adolescents, using a stable isotope-dilution technique employing high-performance liquid chromatography-mass spectrometry. Two indwelling intravenous catheters were inserted and tracer 9,12,12-2H3-cortisol (deuterated cortisol) was infused continuously for 30 hours. After 6 hours of tracer infusion to allow for equilibration, blood was obtained every 20 minutes for 24 hours. The mean (+/- SD) cortisol production rate was 9.5 +/- 2.5 mg/day (6.8 +/- 1.9 mg/m2/day). Cortisol production rate did not vary with sex or pubertal stage. These results suggest that the cortisol production rate in children and adolescents is significantly lower than previously estimated. PMID: 2104527

Lindqvist D, Isaksson A, Träskman-Bendz L, Brundin L. Salivary cortisol and suicidal behavior--a follow-up study. Psychoneuroendocrinology. 2008 Sep;33(8):1061-8. 

INTRODUCTION: Hyperactivity of the hypothalamic-pituitary-adrenal (HPA)-axis is a common finding in major depressive disorder. Similar studies on suicide attempters are less abundant, and the results are divergent. The main aim of the present study was to investigate HPA-axis parameters by the time of a suicide attempt and at follow-up in search for associations between HPA-axis function and suicidal behavior. METHODS: Thirty-five suicide attempters and 16 non-suicidal controls were admitted to a psychiatric ward between the years of 1986 and 1992. Corticotrophin-releasing hormone (CRH) in cerebrospinal fluid and urinary cortisol were obtained for the suicide attempters. The patients were followed up approximately 12 years after the index admission. Cortisol was measured in saliva, and additional suicide attempts and current psychiatric symptoms were registered. RESULTS: At follow-up, evening salivary cortisol was lower in suicide attempters compared to controls. Low cortisol levels at follow-up were associated with severe psychiatric symptoms. Among women, repeated suicide attempts were associated with low morning and lunch salivary cortisol, and in this subgroup we also found significant correlations between salivary cortisol at follow-up, and CRH as well as urinary cortisol at index. CONCLUSION: We found evidence for an association between low HPA-axis activity and suicidal behavior. This could be due to long-lasting and severe psychiatric morbidity, which in turn has exhausted the HPA-axis of these patients. The potential role of hypocortisolism should be given more attention in studies on suicidal patients.

Loft P, Thomas MG, Petrie KJ, Booth RJ, Miles J, Vedhara K. Examination stress results in altered cardiovascular responses to acute challenge and lower cortisol. Psychoneuroendocrinology. 2007 May;32(4):367-75. 

The present study examined how cardiovascular and salivary cortisol responses varied in response to an acute challenge in medical students under exam stress versus those not under exam stress. One hundred and twenty-nine medical students were randomly assigned to undertake a CO2 inhalation test either prior to an examination period (exam group) or during a regular academic period (non-exam group). Heart rate (HR) and blood pressure (BP) were measured for 5 min before and 5 min after the task, and salivary cortisol samples were collected 1 min before and 10 and 30 min after the CO2 inhalation test. Participants also completed a questionnaire measuring self-reported perceived stress. The exam group exhibited significantly higher HR reactivity following the CO2 inhalation test and slower systolic blood pressure (SBP) recovery compared with the non-exam group. The exam group also reported higher perceived stress and higher stress scores were related to higher HR reactivity following CO2 inhalation. Female students across both groups exhibited significantly lower SBP reactivity compared with male students. Salivary cortisol levels were consistently lower in the exam group. These findings indicate that ongoing natural stress alters cortisol secretion and cardiovascular responses in the face of an acute stress challenge.

Lovallo WR, Al'Absi M, Blick K, Whitsett TL, Wilson MF. Stress-like adrenocorticotropin responses to caffeine in young healthy men. Pharmacol Biochem Behav. 1996 Nov;55(3):365-9. 


The effects of oral caffeine (3.3 mg/kg, equivalent to 2-3 cups of coffee) on plasma adrenocorticotropin (ACTH) and cortisol (CORT) were tested in 47 healthy young men at rest in a double-blind, placebo-controlled, crossover study. Following caffeine, ACTH was significantly elevated at all times from 30 min to 180 min, and CORT was elevated from 60 min to 120 min (Fs > or = 8.4, ps < 0.01). Peak increases relative to placebo were: ACTH, 33% (+5.2 pg/ml) and CORT, 30% (+2.7 micrograms/dl) at 60 min postcaffeine. The results suggest that caffeine can activate important components of the pituitary-adrenocortical response in humans during the resting state. Caffeine's known ability to increase CORT production appears at least partly due to an increase in ACTH release at the pituitary.

Løvås K, Loge JH, Husebye ES. Subjective health status in Norwegian patients with Addison's disease. Clin Endocrinol (Oxf). 2002 May;56(5):581-8.

OBJECTIVE: Many patients with Addison's disease have complaints that might be related to the disease or to its treatment. However, only a few studies have addressed the subjective health status of patients with adrenocortical failure. The aim of the present study was to assess the subjective health status with special emphasis on fatigue among patients with Addison's disease. SUBJECTS, DESIGN AND MEASUREMENT: In a postal survey, 79 patients with confirmed primary adrenal failure (Addison's disease) completed the Short Form 36 (SF-36) and the Fatigue questionnaires. The subjective health status in Addison's disease was compared with normative data from the general population. RESULTS: General health and vitality perception were most consistently impaired in the patients with Addison's disease. The scores on physical functioning and role-physical were low in women. Social functioning and role-emotional scores were also lower than normal in the female patients, but this was confined to the patients with autoimmune polyendocrine syndromes. Patients with autoimmune polyendocrine syndromes tended to have lower scores than patients with solitary Addison's disease. The level of fatigue was higher than normal for both men and women. Working disability at ages 18-67 years was 26%, compared with 10% in the corresponding general Norwegian population. The high working disability increased with age and was higher in subgroups with concomitant endocrine diseases. Most subjective health parameters were lower among the disabled compared to the patients in work. CONCLUSIONS: Patients with Addison's disease under replacement therapy with cortisone acetate and fludrocortisone have reduced general health perception and vitality, and increased fatigue. Female patients reported reduced physical function, which might be due to adrenal androgen depletion. Mental health seems more influenced by concomitant endocrine diseases, but mental fatigue might be a specific feature in adrenal failure. The patient population is heterogeneous, with normal findings in a substantial proportion but markedly reduced subjective health status and working ability in many others. Thus, there might be potential for further refinement of replacement therapy. PMID: 12030907

Løvås K, Husebye ES. Continuous subcutaneous hydrocortisone infusion in Addison's disease. Eur J Endocrinol. 2007 Jul;157(1):109-12.

OBJECTIVE: The conventional replacement therapy in Addison's disease (AD) does not restore the normal diurnal cortisol rhythm. We explored the feasibility and safety of continuous s.c. hydrocortisone infusion (CSHI) as a novel mode of glucocorticoid replacement therapy. DESIGN AND METHODS: Seven patients with AD were treated with CSHI in an open-labelled clinical study for up to three months. Adequacy of glucocorticoid replacement was assessed by 24 h blood and saliva sampling in one patient and by salivary cortisol day curves in six outpatients. Subjective health status was monitored by the Short Form-36 questionnaire. RESULTS: CSHI re-established the circadian variation and normal levels of cortisol in the patients, with minor day-to-day variation. Most of the patients could reduce their glucocorticoid dose considerably without adverse reactions. The treatment was well tolerated and positively evaluated by the patients. CONCLUSIONS: CSHI is technically feasible and safe in patients with AD. A daily dose of approximately 10 mg/m(2) body surface area/day restores the circadian variation and normal levels of salivary cortisol in most patients, which is close to the estimated daily requirement. We hypothesise that selected patients will benefit from restoration of the circadian cortisol rhythm.

Lukert BP, Johnson BE, Robinson RG. Estrogen and progesterone replacement therapy reduces glucocorticoid-induced bone loss. J Bone Miner Res. 1992 Sep;7(9):1063-9.

This is a retrospective study of 15 postmenopausal or amenorrheic women aged 34-78 years who had taken prednisone for 6-108 months and were followed for 1 year while continuing to take doses of 5-15 mg/day. A total of 8 patients were treated with 0.625 mg Premarin daily for 25 days and 5 mg/day of medroxyprogesterone on days 15-25 (ERT, group 2); 7 were followed without ERT (group 1). A group of 17 women, matched for age, were randomly selected from our computerized data base to serve as a control group (group 3), and 10 women of similar age who were taking ERT only (group 4) were selected to compare the response to ERT to that of group 2. Bone density (BD) was measured in the lumbar spine baseline and at 1 year using dual-photon or dual-energy x-ray absorptiometry. Spine density did not change significantly during the year of observation in group 1. Although BD decreased in 5 of 7 patients, the change was not significant (-0.034 +/- 0.018 g/cm2, p = 0.10). In group 2 BD increased significantly, with 7 of 8 patients showing an increase (0.037 +/- 0.011 g/cm2, p = 0.008). BD did not change significantly in the control group (0.013 +/- 0.008 g/cm2, p = 0.16). Loss of bone from the spine was significantly greater in group 1 than in controls (p = 0.02), but changes in group 2 were similar to those in the control group (p = 0.66).(ABSTRACT TRUNCATED AT 250 WORDS)
Mah PM, Jenkins RC, Rostami-Hodjegan A, Newell-Price J, Doane A, Ibbotson V, Tucker GT, Ross RJ. Weight-related dosing, timing and monitoring hydrocortisone replacement therapy in patients with adrenal insufficiency. Clin Endocrinol (Oxf). 2004 Sep;61(3):367-75.

OBJECTIVE: The objective of this study was to examine the variables determining hydrocortisone (HC) disposition in patients with adrenal insufficiency and to develop practical protocols for individualized prescribing and monitoring of HC treatment. DESIGN AND PATIENTS: Serum cortisol profiles were measured in 20 cortisol-insufficient patients (09.00 h cortisol < 50 nmol/l) given oral HC as either a fixed or 'body surface area-adjusted' dose in the fasted or fed state. Endogenous cortisol levels were measured in healthy subjects. Pharmacokinetic analysis was performed using P-Pharm software, and computer simulations were used to assess the likely population distribution of the data. RESULTS: Body weight was the most important predictor of HC clearance. A fixed 10-mg HC dose overexposed patients to cortisol by 6.3%, whereas weight-adjusted dosing decreased interpatient variability in maximum cortisol concentration from 31 to 7%, decreased area under the curve (AUC) from 50 to 22% (P < 0.05), and reduced overexposure to < 5%. Food taken before HC delayed its absorption. Serum cortisol measured 4 h after HC predicted cortisol AUC (r(2) = 0.78; P < 0.001). CONCLUSIONS: We recommend weight-adjusted HC dosing, thrice daily before food, monitored with a single serum cortisol measurement using a nomogram. This regimen was prospectively examined in 40 cortisol-insufficient patients, 85% of whom opted to remain on the new thrice-daily treatment regimen.

Mastorakos G, Ilias I. Maternal hypothalamic-pituitary-adrenal axis in pregnancy and the postpartum period. Postpartum-related disorders. Ann N Y Acad Sci. 2000;900:95-106.

During pregnancy, placenta-derived CRH increases exponentially in the plasma. Circulating levels of CRH-binding protein decrease considerably in the last trimester of pregnancy, resulting in further elevation of bioavailable plasma CRH. The adrenal glands during pregnancy gradually become hypertrophic because of the increase in ACTH, which parallels that of CRH. Thus, pregnancy is a transient period of relative hypercortisolism. The activation of the hypothalamic-pituitary-adrenal axis during pregnancy has been proposed to function as a biological clock. In this model, the placenta is perceived as a stress-sensitive organ and placental CRH as a timing starter, determining a preterm, term, or postterm labor. During pregnancy, as well as during the immediate postpartum period, the hypothalamic maternal CRH secretion is suppressed, because of the circulating levels of cortisol. Hypothalamic CRH secretion normalizes within 12 weeks. This transient postpartum maternal hypothalamic CRH suppression, together with the steroid withdrawal that follows parturition, might be causally related to the mood disorders and the vulnerability to autoimmune diseases such as thyroiditis or rheumatoid arthritis often observed during the postpartum period.

McBeth J, Chiu YH, Silman AJ, Ray D, Morriss R, Dickens C, Gupta A, Macfarlane GJ. Hypothalamic-pituitary-adrenal stress axis function and the relationship with chronic widespread pain and its antecedents. Arthritis Res Ther. 2005;7(5):R992-R1000. 

In clinic studies, altered hypothalamic-pituitary-adrenal (HPA) axis function has been associated with fibromyalgia, a syndrome characterised by chronic widespread body pain. These results may be explained by the associated high rates of psychological distress and somatisation. We address the hypothesis that the latter, rather than the pain, might explain the HPA results. A population study ascertained pain and psychological status in subjects aged 25 to 65 years. Random samples were selected from the following three groups: satisfying criteria for chronic widespread pain; free of chronic widespread pain but with strong evidence of somatisation ('at risk'); and a reference group. HPA axis function was assessed from measuring early morning and evening salivary cortisol levels, and serum cortisol after physical (pain pressure threshold exam) and chemical (overnight 0.25 mg dexamethasone suppression test) stressors. The relationship between HPA function with pain and the various psychosocial scales assessed was modelled using appropriate regression analyses, adjusted for age and gender. In all 131 persons with chronic widespread pain (participation rate 74%), 267 'at risk' (58%) and 56 controls (70%) were studied. Those in the chronic widespread pain and 'at risk' groups were, respectively, 3.1 (95% CI (1.3, 7.3)) and 1.8 (0.8, 4.0) times more likely to have a saliva cortisol score in the lowest third. None of the psychosocial factors measured were, however, associated with saliva cortisol scores. Further, those in the chronic widespread pain (1.9 (0.8, 4.7)) and 'at risk' (1.6 (0.7, 3.6)) groups were also more likely to have the highest serum cortisol scores. High post-stress serum cortisol was related to high levels of psychological distress (p = 0.05, 95% CI (0.02, 0.08)). After adjusting for levels of psychological distress, the association between chronic widespread pain and post-stress cortisol scores remained, albeit slightly attenuated. This is the first population study to demonstrate that those with established, and those psychologically at risk of, chronic widespread pain demonstrate abnormalities of HPA axis function, which are more marked in the former group. Although some aspects of the altered function are related to the psychosocial factors measured, we conclude that the occurrence of HPA abnormality in persons with chronic widespread pain is not fully explained by the accompanying psychological stress.
McBurnett K, Lahey BB, Rathouz PJ, Loeber R. Low salivary cortisol and persistent aggression in boys referred for disruptive behavior. Arch Gen Psychiatry. 2000 Jan;57(1):38-43. 

BACKGROUND: Persistent antisocial behavior in adulthood is often preceded by childhood-onset aggressive conduct disorder. Aggressive syndromes in both children and adults have previously been associated with abnormalities in peripheral responses to stress. One peripheral measure, salivary cortisol concentration, may reflect individual differences in the hypothalamic-pituitary-adrenal axis that underlie propensities for aggression, socialization, and adaptation to stress. METHODS: The relationship between salivary cortisol levels and aggression was tested in 38 clinic-referred school-aged boys. Persistent aggression was measured by collecting disruptive behavior disorder symptoms in 4 annual clinical evaluations and peer nominations of aggression in the first 2 annual evaluations. Salivary cortisol levels were measured during years 2 and 4 of the study. RESULTS: Low cortisol levels were associated with persistence and early onset of aggression, particularly when measures of cortisol concentrations were pooled. Boys with low cortisol concentrations at both time points exhibited triple the number of aggressive symptoms and were named as most aggressive by peers 3 times as often as boys who had higher cortisol concentrations at either sampling time. CONCLUSIONS: This suggests that low hypothalamic-pituitary-adrenal axis activity is a correlate of severe and persistent aggression in male children and adolescents. A restricted (low) range of cortisol variability may be more indicative of persistent aggression than a low concentration of cortisol at any single point in time.

McConnell EM, Bell PM, Ennis C, Hadden DR, McCance DR, Sheridan B, Atkinson AB. Effects of low-dose oral hydrocortisone replacement versus short-term reproduction of physiological serum cortisol concentrations on insulin action in adult-onset hypopituitarism. Clin Endocrinol (Oxf). 2002 Feb;56(2):195-201.

OBJECTIVE: Hypercortisolism is associated with impaired glucose tolerance and insulin resistance. For many years hydrocortisone 30 mg was the standard total daily replacement dose in adult hypopituitarism. The use of this conventional dose has now been shown to result in mild biochemical hypercortisolism and might contribute to the increased cardiovascular risk reported in hypopituitarism. The use of lower doses of hydrocortisone replacement therapy might prevent some of the adverse metabolic effects seen with conventional doses. PATIENTS: In a randomized crossover study we assessed peripheral and hepatic insulin action in 15 ACTH-deficient patients with normal glucose tolerance on two occasions while receiving either a low-dose oral hydrocortisone replacement (LOR) therapy (15 mg at 0800, 5 mg at 1700) or a physiological hydrocortisone infusion (PHI), which achieved physiological serum cortisol concentrations. RESULTS: Exogenous glucose infusion rates required to maintain euglycaemia were similar for the LOR and the PHI protocols (26.2 +/- 0.4 vs. 23.8 +/- 0.6 micromol/kg/min, respectively). Endogenous glucose production was also similar (12.0 +/- 2.5 vs. 11.6 +/- 2.4 micromol/kg/min, respectively) and in the post-absorptive state suppressed to a similar extent following insulin (4.5 +/- 2.0 vs. 5.1 +/- 3.1 micromol/kg/min). CONCLUSION: Hydrocortisone replacement therapy at a dose of 15 mg with breakfast, 5 mg with evening meal does not increase peripheral or hepatic insulin resistance when compared to a hydrocortisone infusion designed to simulate physiological serum cortisol concentrations. (This is a 20mg dose for ACTH-deficient adults who had suppressed DHEAS and had low thyroid hormone effects on TSH-adjusted T4 therapy. Adults taking DHEA and with optimal thyroid replacement and optimal sex steroid replacement would need higher doses.-HHL)
McConnell EM, Bell PM, Hadden DR, McCance DR, Sheridan B, Atkinson AB. Prevalence of diabetes and impaired glucose tolerance in adult hypopituitarism on low dose oral hydrocortisone replacement therapy. Clin Endocrinol (Oxf). 2001 May;54(5):593-9.

OBJECTIVE: The conventional dosage of hydrocortisone, used for many years in the management of hypopituitarism (30 mg per day), has now been shown to be more than is physiologically necessary. On this conventional corticosteroid therapy studies have demonstrated an increased prevalence of diabetes and impaired glucose tolerance, which may contribute to the increased vascular morbidity and mortality reported in the condition. In these studies no information is available on oral glucose tolerance test (OGTT) timing in relation to administration of oral steroid and variable hydrocortisone doses were employed. PATIENTS: In order to assess glucose tolerance in patients treated with lower, more physiological doses, we performed a 75-g OGTT at least 1 month after hydrocortisone therapy was adjusted to 15 mg at 0800 h and 5 mg at 1700 h in 45 adult onset hypopituitary patients (30 M, 15 F). Mean (+/- SD) duration of hypopituitarism was 12 +/- 10 years, mean age 52 +/- 14 years and BMI 29.3 +/- 5.1 kg/m2. All were on hydrocortisone, 43 on thyroxine, 31 on sex steroids, 9 on desmopressin and 33 had documented growth hormone deficiency. Hydrocortisone 15 mg was taken at 0800 and the OGTT commenced at 0900. RESULTS: Using standard WHO criteria 36 patients (80%) had normal glucose tolerance, 1 (2%) had newly diagnosed diabetes and 8 (18%) had impaired glucose tolerance. Using the recently announced American Diabetes Association criteria for diagnosis 96% had normal glucose tolerance, 2% had diabetes and 2% impaired fasting glucose. CONCLUSION: The markedly reduced prevalence of diabetes and impaired glucose tolerance on lower hydrocortisone replacement doses in our series of patients with hypopituitarism, not previously known to be diabetic, is of great interest. This lower prevalence may eventually result in reduced vascular complication rates. PMID: 11380489

McKenzie R, Reynolds JC, O'Fallon A, Dale J, Deloria M, Blackwelder W, Straus SE. Decreased bone mineral density during low dose glucocorticoid administration in a randomized, placebo controlled trial. J Rheumatol. 2000 Sep;27(9):2222-6. 


OBJECTIVE: While osteoporosis and bone fractures are clearly recognized side effects of high dose glucocorticoids, the effect of low dose glucocorticoids remains controversial. We investigated the effect of 3 months of low dose hydrocortisone on bone mineral density (BMD). METHODS: Subjects, 18 to 55 years old with chronic fatigue syndrome and no medical or psychiatric illness requiring medication, were randomized in a double blind, placebo controlled trial to receive oral hydrocortisone, 13 mg/m2 body surface area every morning and 3 mg/m2 every afternoon (25 to 35 mg/day, equivalent to about 7.5 mg prednisone/day) or placebo for 12 weeks. Before and after treatment BMD of the lumbar spine was measured by dual energy x-ray absorptiometry. RESULTS: We studied 23 subjects (19 women, 4 men). For the 11 hydrocortisone recipients there was a mean decrease in BMD: mean change from baseline of the lateral spine was -2.0% (95% CI -3.5 to -0.6. p = 0.03) and mean change of the anteroposterior spine was -0.8% (95% CI -1.5 to -0.1, p = 0.06). Corresponding changes for the 12 placebo recipients were +1.0% (95% CI -1.0 to 3.0, p = 0.34) and +0.2% (95% CI -1.4 to 1.5, p = 0.76). CONCLUSION: A 12 week course of low dose glucocorticoids given to ambulatory subjects with chronic fatigue syndrome was associated with a decrease in BMD of the lumbar spine. This decrease was statistically significant in lateral spine measurements and nearly so in anteroposterior spine measurements.(These subjects had suppression of DHEAS and no replacement, which has been shown to counteract the catabolic effect of cortisol on bone—HHL)
McKenzie R, O'Fallon A, Dale J, Demitrack M, Sharma G, Deloria M, Garcia-Borreguero D, Blackwelder W, Straus SE. Low-dose hydrocortisone for treatment of chronic fatigue syndrome: a randomized controlled trial. JAMA. 1998 Sep 23-30;280(12):1061-6.

CONTEXT: Chronic fatigue syndrome (CFS) is associated with a dysregulated hypothalamic-pituitary adrenal axis and hypocortisolemia. OBJECTIVE: To evaluate the efficacy and safety of low-dose oral hydrocortisone as a treatment for CFS. DESIGN: A randomized, placebo-controlled, double-blind therapeutic trial, conducted between 1992 and 1996. SETTING: A single-center study in a tertiary care research institution. PATIENTS: A total of 56 women and 14 men aged 18 to 55 years who met the 1988 Centers for Disease Control and Prevention case criteria for CFS and who withheld concomitant treatment with other medications. INTERVENTION: Oral hydrocortisone, 13 mg/m2 of body surface area every morning and 3 mg/m2 every afternoon, or placebo, for approximately 12 weeks.(20 or 30mg given in AM plus 5mg in PM-a high dose for most people not taking DHEA or oral thyroid hormones.- HHL).  MAIN OUTCOME MEASURES: A global Wellness scale and other self-rating instruments were completed repeatedly before and during treatment. Resting and cosyntropin-stimulated cortisol levels were obtained before and at the end of treatment. Patients recorded adverse effects on a checklist. RESULTS: The number of patients showing improvement on the Wellness scale was 19 (54.3%) of 35 placebo recipients vs 20 (66.7%) of 30 hydrocortisone recipients (P =.31). Hydrocortisone recipients had a greater improvement in mean Wellness score (6.3 vs 1.7 points; P=.06), a greater percentage (53% vs 29%; P=.04) recording an improvement of 5 or more points in Wellness score, and a higher average improvement in Wellness score on more days than did placebo recipients (P<.001). Statistical evidence of improvement was not seen with other self-rating scales. Although adverse symptoms reported by patients taking hydrocortisone were mild, suppression of adrenal glucocorticoid responsiveness was documented in 12 patients who received it vs none in the placebo group (P<.001). CONCLUSIONS: Although hydrocortisone treatment was associated with some improvement in symptoms of CFS, the degree of adrenal suppression precludes its practical use for CFS.

Mendelson JH, Sholar MB, Goletiani N, Siegel AJ, Mello NK. Effects of low- and high-nicotine cigarette smoking on mood states and the HPA axis in men. Neuropsychopharmacology. 2005 Sep;30(9):1751-63.

The acute effects of smoking a low- or high-nicotine cigarette on hypothalamic-pituitary-adrenal (HPA) hormones, subjective responses, and cardiovascular measures were studied in 20 healthy men who met American Psychiatric Association Diagnostic and Statistical Manual IV criteria for nicotine dependence. Within four puffs (or 2 min) after cigarette smoking began, plasma nicotine levels and heart rate increased significantly (P<0.01), and peak ratings of 'high' and 'rush' on a Visual Analogue Scale were reported. Reports of 'high', 'rush', and 'liking' and reduction of 'craving' were significantly greater after smoking a high-nicotine cigarette than a low-nicotine cigarette (P<0.05). Peak plasma nicotine levels after high-nicotine cigarette smoking (23.9+/-2.6 ng/ml) were significantly greater than after low-nicotine cigarette smoking (3.63+/-0.59 ng/ml) (P<0.001). After smoking a low-nicotine cigarette, adrenocorticotropin hormone (ACTH), cortisol, dehydroepiandrosterone (DHEA), and epinephrine did not change significantly from baseline. After high-nicotine cigarette smoking began, plasma ACTH levels increased significantly above baseline within 12 min and reached peak levels of 21.88+/-5.34 pmol/l within 20 min. ACTH increases were significantly correlated with increases in plasma nicotine (r=0.85; P<0.0001), DHEA (r=0.66; P=0.002), and epinephrine (r=0.86; P<0.0001). Cortisol and DHEA increased significantly within 20 min (P<0.05) and reached peak levels of 424+/-48 and 21.13+/-2.55 ng/ml within 60 and 30 min, respectively. Thus cigarette smoking produced nicotine dose-related effects on HPA hormones and subjective and cardiovascular measures. These data suggest that activation of the HPA axis may contribute to the abuse-related effects of cigarette smoking.

Mills PC, Cross SE.  Regional differences in the in vitro penetration of hydrocortisone through equine skin. J Vet Pharmacol Ther. 2006 Feb;29(1):25-30.

Little is known about the transdermal penetration of hydrocortisone in the horse and, although commercial formulations containing hydrocortisone are registered for topical use in the horse, there have been no studies investigating the movement of this glucocorticoid through different regions of equine skin. Skin was harvested from the thorax, groin and leg (dorsal metacarpal) regions of five Thoroughbred geldings and frozen (-20 degrees C) until required. Defrosted skin was placed in Franz-type diffusion cells and the amount of radiolabelled ((3)H) hydrocortisone, in a saturated solution of unlabelled hydrocortisone in 50% ethanol (w/w), which penetrated through and remained within skin samples was measured over 24 h. Significantly higher (P < 0.001) maximum flux (J(max); mol/cm(2)/h) was measured when hydrocortisone was applied to skin from the leg, compared to thorax and groin, although significantly less hydrocortisone (P < 0.001) was retained within skin from the leg at 24 h. Topical application of hydrocortisone in a vehicle containing ethanol would penetrate faster through leg skin from the lower leg when compared with the thorax or groin, which depending on cutaneous blood flow, may result in higher systemic drug concentrations or greater efficiency in treating local inflamed tissue.

Moore JS, Monson JP, Kaltsas G, Putignano P, Wood PJ, Sheppard MC, Besser GM, Taylor NF, Stewart PM. Modulation of 11beta-hydroxysteroid dehydrogenase isozymes by growth hormone and insulin-like growth factor: in vivo and in vitro studies. J Clin Endocrinol Metab. 1999 Nov;84(11):4172-7.

The interconversion of hormonally active cortisol (F) and inactive cortisone (E) is catalyzed by two isozymes of 11beta-hydroxysteroid dehydrogenase (11betaHSD), an oxo-reductase converting E to F (11betaHSD1) and a dehydrogenase (11betaHSD2) converting F to E. 11betaHSD1 is important in mediating glucocorticoid-regulated glucose homeostasis and regional adipocyte differentiation. Earlier studies conducted with GH-deficient subjects treated with replacement GH suggested that GH may modulate 11betaHSD1 activity. In 7 acromegalic subjects withdrawing from medical therapy (Sandostatin-LAR; 20-40 mg/month for at least 12 months), GH rose from 7.1 +/- 1.5 to 17.5 +/- 4.3 mU/L (mean +/- SE), and insulin-like growth factor I (IGF-I) rose from 43.0 +/- 8.8 to 82.1 +/- 13.7 nmol/L (both P < 0.05) 4 months after treatment. There was a significant alteration in the normal set-point of F to E interconversion toward E. The fall in the urinary tetrahydrocortisols/tetrahydocortisone ratio (THF+allo-THF/THE; 0.82 +/- 0.06 to 0.60 +/- 0.06; P < 0.02) but unaltered urinary free F/urinary free E ratio (a marker for 11betaHSD2 activity) suggested that this was due to inhibition of 11betaHSD1 activity. An inverse correlation between GH and the THF+allo-THF/THE ratio was observed (r = -0.422; P < 0.05). Conversely, in 12 acromegalic patients treated by transsphenoidal surgery (GH falling from 124 +/- 49.2 to 29.3 +/- 15.4 mU/L; P < 0.01), the THF+allo-THF/THE ratio rose from 0.53 +/- 0.06 to 0.63 +/- 0.07 (P < 0.05). Patients from either group who failed to demonstrate a change in GH levels showed no change in the THF+allo-THF/THE ratio. In vitro studies conducted on cells stably transfected with either the human 11betaHSD1 or 11betaHSD2 complementary DNA and primary cultures of human omental adipose stromal cells expressing only the 11betaHSD1 isozyme indicated a dose-dependent inhibition of 11betaHSD1 oxo-reductase activity with IGF-I, but not GH. Neither IGF-I nor GH had any effect on 11betaHSD2 activity. GH, through an IGF-I-mediated effect, inhibits 11betaHSD1 activity. This reduction in E to F conversion will increase the MCR of F, and care should be taken to monitor the adequacy of function of the hypothalamo-pituitary-adrenal axis in acromegalic subjects and in GH-deficient, hypopituitary patients commencing replacement GH therapy. Conversely, enhanced E to F conversion occurs with a reduction in GH levels; in liver and adipose tissue this would result in increased hepatic glucose output and visceral adiposity, suggesting that part of the phenotype currently attributable to adult GH deficiency may be an indirect consequence of its effect on tissue F metabolism via 11betaHSD1 expression. PMID: 10566668

Moss HB, Vanyukov MM, Martin CS. Salivary cortisol responses and the risk for substance abuse in prepubertal boys. Biol Psychiatry. 1995 Oct 15;38(8):547-55. 


Investigations of adults with a psychoactive substance use disorder (PSUD) or antisocial behavior have reported diminished secretion of the adrenal "stress" hormone, cortisol. Consequently, we determined whether prepubertal sons of PSUD fathers, at high risk for later PSUD, differed from controls on salivary cortisol concentrations before, and after, an anticipated stressor. The roles of problematic behavioral disposition and state anxiety in the cortisol responses were also examined. A significant risk-group x time interaction for salivary cortisol concentrations was found, with high-risk boys secreting less salivary cortisol than controls when anticipating the task. High-risk boys also had significantly higher scores for aggressive delinquency and impulsivity that wholly accounted for the risk-group x time effect on salivary cortisol . Thus, cortisol hyporesponsivity was associated with the dysregulated behaviors prevalent among high-risk boys. The results suggest that cortisol hyporesponsivity could be a "marker" for later antisociality and PSUD. PMID: 8562667
Motson RW, Glass DN, Smith DA, Daly JR. The effect of short-and long-term corticosteroid treatment on sleep-associated growth hormone secretion. Clin Endocrinol (Oxf). 1978 Apr;8(4):315-26. 

Eight healthy medical studients and four renal transplant patients had blood sampled two or three times hourly throughout EEG monitored nocturnal sleep. This was carried out on the healthy subjects for a total of 12 nights without medication (control nights asleep), a total of 12 nights following 40 mg of flucortolone the previous morning, and a total of 6 nights with similar blood sampling when sleep was prevented (control nights awake). Four renal transplant patients who were receiving long-term therapy with prednisolone were similarly studied (total of 7 nights asleep). Circulating corticosteroid and growth hormone (GH) levels were determined. A peak of GH was seen during the first 2 h of sleep on the control nights when slow-wave sleep predominated. The GH peak was absent on the control nights awake. The pattern of plasma corticosteroid levels was identical during control nights asleep and awake. Both single-dose and chronic corticosteroid administration inhibited the GH peak associated with slow-wave sleep. Chronic corticosteroid therapy, but no single-dose administration in the morning, suppressed the circadian rise of plasma corticosteroids which normally occurs late in sleep.

Munck A, Náray-Fejes-Tóth A. Glucocorticoids and stress: permissive and suppressive actions. Ann N Y Acad Sci. 1994 Nov 30;746:115-30; discussion 131-3.

Protection against stress by glucocorticoids is discussed in relation to their permissive and suppressive actions. Evidence from the last decade is summarized regarding the physiological nature of the suppressive actions, and the hypothesis that they prevent stress-activated defense mechanisms from overshooting and damaging the organism. Support for this hypothesis has come from observations on how endogenous or administered glucocorticoids control inflammatory and immune responses, protect in endotoxic and hemorrhagic shock, regulate central nervous system responses to stimuli, and moderate many defense reactions through suppression of cytokines and other mediators. Studies showing that glucocorticoids permissively induce receptors for several mediators that they suppress have led to a model in which stimulated activity of a mediator system is increased permissively through induction of mediator receptors and decreased through suppression of mediator production. PMID: 7825870

Nasrallah MP, Arafah BM. The value of dehydroepiandrosterone sulfate measurements in the assessment of adrenal function. J Clin Endocrinol Metab. 2003 Nov;88(11):5293-8.

Dehydroepiandrosterone (DHEA) and its sulfated ester (DHEA-S) are corticotropin-dependent adrenal androgen precursors that are uniformly low in treated patients with corticotropin deficiency. There are no data investigating the diagnostic value of DHEA-S measurements in the prospective assessment of adrenal function. This study examined serum DHEA-S levels as possible markers for hypothalamic- pituitary-adrenal (HPA) function in patients with large pituitary adenomas. Patients were characterized to have normal HPA (n = 47) or abnormal HPA (ABN-HPA, n = 35) function based on their respective responses to insulin-induced hypoglycemia. Patients also underwent low-dose Cortrosyn (1 micro g, LDC) and standard-dose Cortrosyn stimulation testing. All patients with ABN-HPA had very low age- and gender-matched serum DHEA-S levels. When the normal response to LDC was set at a cortisol level of at least 18.1 micro g/dl, 10 of 31 patients with ABN-HPA exhibited normal responses. Receiver operating characteristic curves for baseline DHEA-S and for maximal cortisol responses to LDC had areas of 0.984 (confidence interval, 0.962-1.000) and 0.893 (confidence interval, 0.817-0.969), respectively. LDC- or SDC-stimulated serum cortisol levels have significant limitations in defining HPA function. A normal age- and gender-specific serum DHEA-S level makes the diagnosis of corticotropin deficiency extremely unlikely. However, when serum DHEA-S levels are low, further testing is necessary to define HPA function. PMID: 14602764

Neeck G, Crofford LJ.  Neuroendocrine perturbations in fibromyalgia and chronic fatigue syndrome. Rheum Dis Clin North Am. 2000 Nov;26(4):989-1002. 


A large body of data from a number of different laboratories worldwide has demonstrated a general tendency for reduced adrenocortical responsiveness in CFS. It is still not clear if this is secondary to CNS abnormalities leading to decreased activity of CRH- or AVP-producing hypothalamic neurons. Primary hypofunction of the CRH neurons has been described on the basis of genetic and environmental influences. Other pathways could secondarily influence HPA axis activity, however. For example, serotonergic and noradrenergic input acts to stimulate HPA axis activity. Deficient serotonergic activity in CFS has been suggested by some of the studies as reviewed here. In addition, hypofunction of sympathetic nervous system function has been described and could contribute to abnormalities of central components of the HPA axis. One could interpret the clinical trial of glucocorticoid replacement in patients with CFS as confirmation of adrenal insufficiency if one were convinced of a positive therapeutic effect. If patient symptoms were related to impaired activation of central components of the axis, replacing glucocorticoids would merely exacerbate symptoms caused by enhanced negative feedback. Further study of specific components of the HPA axis should ultimately clarify the reproducible abnormalities associated with a clinical picture of CFS. In contrast to CFS, the results of the different hormonal axes in FMS support the assumption that the distortion of the hormonal pattern observed can be attributed to hyperactivity of CRH neurons. This hyperactivity may be driven and sustained by stress exerted by chronic pain originating in the musculoskeletal system or by an alteration of the CNS mechanism of nociception. The elevated activity of CRH neurons also seems to cause alteration of the set point of other hormonal axes. In addition to its control of the adrenal hormones, CRH stimulates somatostatin secretion at the hypothalamic level, which, in turn, causes inhibition of growth hormone and thyroid-stimulating hormone at the pituitary level. The suppression of gonadal function may also be attributed to elevated CRH because of its ability to inhibit hypothalamic luteinizing hormone-releasing hormone release; however, a remote effect on the ovary by the inhibition of follicle-stimulating hormone-stimulated estrogen production must also be considered. Serotonin (5-HT) precursors such as tryptophan (5-HTP), drugs that release 5-HT, or drugs that act directly on 5-HT receptors stimulate the HPA axis, indicating a stimulatory effect of serotonergic input on HPA axis function. Hyperfunction of the HPA axis could also reflect an elevated serotonergic tonus in the CNS of FMS patients. The authors conclude that the observed pattern of hormonal deviations in patients with FMS is a CNS adjustment to chronic pain and stress, constitutes a specific entity of FMS, and is primarily evoked by activated CRH neurons.

Nelson N, Arbring K, Theodorsson E. Neonatal salivary cortisol in response to heelstick: method modifications enable analysis of low concentrations and small sample volumes. Scand J Clin Lab Invest. 2001 Jul;61(4):287-91.

Measuring cortisol in saliva offers important advantages compared to measurement in plasma or serum. However, the sampling procedure and also the detection limit cause problems, especially in paediatric and neonatal care. We describe a simple and efficient sampling procedure, together with a modification of a radioimmunoassay, which enables analysis of low (down to 1 nmol/L) concentrations of salivary cortisol (10 times lower detection limit than in the original procedure). This setting was used in studying salivary cortisol concentrations before and after heelstick on healthy newborn infants. A significant rise (median 81%; p<0.01) in salivary cortisol as response to this invasive stressor was noted. PMID:  11465342

Neylan TC, Lenoci M, Maglione ML, Rosenlicht NZ, Metzler TJ, Otte C, Schoenfeld FB, Yehuda R, Marmar CR. Delta sleep response to metyrapone in post-traumatic stress disorder. Neuropsychopharmacology. 2003 Sep;28(9):1666-76.

Metyrapone blocks cortisol synthesis, which results in the stimulation of hypothalamic cortiocotropin-releasing factor (CRF) and a reduction in delta sleep. We examined the effect of metyrapone administration on endocrine and sleep measures in male subjects with and without chronic PTSD. We hypothesized that metyrapone would result in a decrease in delta sleep and that the magnitude of this decrease would be correlated with the endocrine response. Finally, we utilized the delta sleep response to metyrapone as an indirect measure of hypothalamic CRF activity and hypothesized that PTSD subjects would have decreased delta sleep at baseline and a greater decrease in delta sleep induced by metyrapone. Three nights of polysomnography were obtained in 24 male subjects with combat-related PTSD and 18 male combat-exposed normal controls. On day 3, metyrapone was administered during normal waking hours until habitual sleep onset preceding night 3. Endocrine responses to metyrapone were measured in plasma obtained the morning following sleep recordings, the day before and after administration. Repeated measures ANOVAs were conducted to compare the endocrine and sleep response to metyrapone in PTSD and controls. PTSD subjects had significantly less delta sleep as indexed by stages 3 and 4, and total delta integrated amplitude prior to metyrapone administration. There were no differences in premetyrapone cortisol or ACTH levels in PTSD vs controls. PTSD subjects had a significantly decreased ACTH response to metyrapone compared to controls. Metyrapone caused an increase in awakenings and a marked decrease in quantitative measures of delta sleep that was significantly greater in controls compared to PTSD. The decline in delta sleep was significantly associated with the magnitude of increase in both 11-deoxycortisol and ACTH. The results suggest that the delta sleep response to metyrapone is a measure of the brain response to increases in hypothalamic CRF. These data also suggest that the ACTH and sleep EEG response to hypothalamic CRF is decreased in PTSD. (The implication being that the chronic stress reaction leads to chronic CRF output that downregulates pituitary response to CRF leading to inadequate ACTH and cortisol production relative to the needs of the PTSD patient. Cortisol supplementation would restore adequate cortisol levels and reduce CRF hypersecretion.—HHL)
Nolan LA, Windle RJ, Wood SA, Kershaw YM, Lunness HR, Lightman SL, Ingram CD, Levy A. Chronic iodine deprivation attenuates stress-induced and diurnal variation in corticosterone secretion in female Wistar rats. J Neuroendocrinol. 2000 Dec;12(12):1149-59. 

Many millions of people throughout the world are at risk of developing iodine deficiency-associated disorders. The underlying effects of iodine deficiency on neuroendocrine function are poorly defined. We have studied stress-induced and diurnal variation in corticosterone secretion in female rats rendered chronically hypothyroid by feeding them an iodine-free diet for 6 months. Corticosterone secretory responses in iodine deficient animals were compared to those seen in animals rendered hypothyroid with propylthiouracil and untreated controls. By using a well-validated, automated blood sampling system to collect small samples of blood over the complete daily cycle in unrestrained animals, we have demonstrated for the first time that the normal diurnal rhythm of corticosterone secretion is lost in chronic iodine deficiency and that the corticosterone secretory response to the psychological stress of 10 min exposure to white noise is attenuated. Despite restoration of circulating triiodothyronine and thyrotropin releasing hormone- and thyroid stimulating hormone beta-transcript prevalence in the hypothalamus and pituitary, respectively, 1 month after restoration of normal iodine-containing diet both the diurnal variation in corticosterone levels and the corticosterone secretory response to the noise stress remained reduced in amplitude compared to control animals. Thus, chronic hypothyroidism induced by iodine deficiency significantly attenuates hypothalamo-pituitary-adrenal axis activity, an effect that persists after functional recovery of the thyroid axis.

Odeniyi IA, Fasanmade OA, Ajala MO, Ohwovoriole AE. Comparison of low dose and standard dose adrenocorticotropin stimulation tests in healthy Nigerians. Afr J Med Med Sci. 2010 Jun;39(2):113-8.

Hypothalamo-pituitary-adrenal (HPA) axis dysfunction is a potentially life-threatening condition. It is of paramount importance that safe, reliable diagnostic tests be available to identify patients at risk for adrenal insufficiency. The 250 microg Adrenocorticotropic hormone (ACTH) stimulation test is commonly used to assess adrenocortical function. The 250 microg dose is supraphysiological, therefore several investigators, over the years, have used 1 microg ACTH stimulation test to assess adrenocortical function. The aim of the study was to compare the response of healthy adult Nigerian subjects to the 250 microg and 1 microg ACTH tests. Ten healthy subjects, five males and five females, aged between 20-60 years, (mean, 38.7 years) participated in this study. They all had normal medical histories and physical examinations, were nonsmokers, and had never received any type of glucocorticoid therapy. Serum chemistries, full blood counts, erythrocyte sedimentation rate, were all within normal limits. Both low dose ACTH test and standard dose ACTH test were performed on the 10 subjects in a randomized order on different days.There was no statistically significant difference in mean serum cortisol levels between the two test doses at 30 minutes (928.4 vs 929.8 nmol/L). There was a strong correlation between 30-minute cortisol responses to 1 microg and 250 microg ACTH stimulation tests, r = 0.999; p < 0.001. In agreement with other published data, our study confirms that 1 microg ACTH stimulates adrenocortical secretion in normal subjects in the period 30 minutes post injection comparable to 250 microg ACTH testing. PMID: 21117407

Oki K, Yamane K, Yoneda M, Nojima H, Watanabe H, Kohno N. A Case of Addison's Disease Confirmed with Low Dose Cosyntropin Stimulation Test. Endocr J. 2007 Dec;54(5):765-9. 
An eighty-year-old man who had complained of skin pigmentation and weight loss was referred to our hospital. Upon physical examination, marked hyperpigmentation was found on the whole body including oral mucosa, tongue and fingernails. Endocrinological findings showed increased ACTH (126 pg/ml) and normal serum cortisol (15.4 mug/dl). First, we used a 250 mug cosyntropin stimulation test which is valid to diagnose Addison's disease, resulting in an adequate cortisol response. Second, we performed 1 mug cosyntropin stimulation test, and the cortisol response was blunted. Since the diagnosis of Addison's disease was fairly certain, he was treated with hydrocortisone 15 mg/day, and improvement of his skin pigmentation and an increase in body weight were observed. To our knowledge, this is the first report that 1 mug cosyntropin stimulation test was helpful to make diagnosis as having Addison's disease rather than the 250 mug cosyntropin stimulation test, although it is established that the 1 mug cosyntropin stimulation test is useful in secondary or relative adrenal insufficiency.

O'Reilly DS. Thyroid hormone replacement: an iatrogenic problem. Int J Clin Pract. 2010 Jun;64(7):991-4. 

Thyroid hormone replacement is one of the very few medical treatments devised in the 19th century that still survive. It is safe, very effective and hailed as a major success by patients and clinicians. Currently, it is arguably the most contentious issue in clinical endocrinology. The current controversy and patient disquiet began in the early 1970s, when on theoretical grounds and without proper assessment, the serum thyrotropin (TSH) concentration was adopted as the means of assessing the adequacy of thyroxine replacement. The published literature shows that the serum TSH concentration is a poor indicator of clinical status in patients on thyroxine. The adequacy of thyroxine replacement should be assessed clinically with the serum T3 being measured, when required, to detect over-replacement. PMID: 20584231

Orme LM, Bond JD, Humphrey MS, Zacharin MR, Downie PA, Jamsen KM, Mitchell SL, Robinson JM, Grapsas NA, Ashley DM. Megestrol acetate in pediatric oncology patients may lead to severe, symptomatic adrenal suppression. Cancer. 2003 Jul 15;98(2):397-405. 


BACKGROUND: Despite the widespread use of megestrol acetate (MA) among a growing number of pediatric oncology departments, there is only one published study on the use of MA in children with malignant disease. The objectives of the current study were to examine the effect of MA in improving the nutritional status of children with malignant disease and to describe and consider the implications of MA-associated adrenal suppression that was found consistently. METHODS: Medical records of 19 children with malignant disease who were treated with MA were reviewed. During MA therapy, clinical assessments every 4 weeks included anthropometrics, caloric intake, quality-of-life scores, and appetite scores. Serum cortisol levels, lipid profiles (including cholesterol levels) random blood glucose levels, and coagulation screening were measured at 4-6-week intervals. RESULTS: MA use was associated with significant increases in weight, weight z score, middle-upper arm circumference, triceps skin-fold thickness, appetite, and caloric intake. MA was extremely useful in aiding the efficient tapering of nasogastric feeds. However, a significant and potentially dangerous decrease in cortisol was seen in 10 of 11 patients tested, with 1 patient who manifested clinical hypoadrenalism with hemodynamic collapse, requiring inotropic support. This is the first report of MA-associated clinical adrenal suppression in a child with malignant disease. CONCLUSIONS: Although the results of this study support the ability of MA to improve nutritional status, its use was complicated by severe adrenal suppression in almost all patients tested, with a serious clinical adverse event occurring in one patient. Routine hydrocortisone supplementation throughout MA treatment should be considered as well as larger doses for patients with acute illness and patients who undergo surgery. (Megestrol is very similar in structure to Medroxyprogesterone acetate (Provera).-- HHL)

Oswald LM, Zandi P, Nestadt G, Potash JB, Kalaydjian AE, Wand GS. Relationship between Cortisol Responses to Stress and Personality. Neuropsychopharmacology. 2006 Jul;31(7):1583-91.
Although there is growing evidence of links between the cortisol stress response and personality, the nature of the relationships and the underlying mechanisms require further clarification. The purpose of this study was to examine associations between personality traits and cortisol responses to stress using the Revised NEO Personality Inventory five-factor model of personality. In total, 68 healthy adults, aged 18-30 years, completed the personality assessment and underwent a laboratory psychological stress test that consisted of a 5 min speech and 5-min of mental arithmetic. Findings showed that in the sample as a whole, less Openness was associated with lower cortisol responses to the challenge. Cortisol responses also corresponded to certain personality dimensions in a gender-specific manner. Blunted cortisol responses were associated with higher Neuroticism in women and with lower Extraversion in men. These findings suggest that personality traits that have been traditionally associated with greater psychopathology were also associated with blunted HPA axis responses to stress.

Pariante CM. The glucocorticoid receptor: part of the solution or part of the problem? J Psychopharmacol. 2006 Jul;20(4 Suppl):79-84.

Clinical studies have demonstrated hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis and increased levels of cortisol in patients with major depression, because of an impairment of glucocorticoid receptor (GR)-mediated negative feedback (glucocorticoid resistance). Moreover, clinical and experimental studies have shown that antidepressants increase GR function, thus leading to resolution of glucocorticoid resistance. Interestingly, a number of studies have also demonstrated that manipulating GR function with both agonists and antagonists has an antidepressant effect, and indeed that other drugs targeting the HPA axis and cortisol secretion - even drugs with opposite effects on the HPA axis - have antidepressant effects. These studies do not support the notion that cortisol has 'negative' effects on the brain. On the contrary, this paper concludes that a lack of the 'positive' effects of cortisol on the brain, because of glucocorticoid resistance, is likely to be involved in the pathogenesis of depression. PMID: 16785275

Pariante CM, Thomas SA, Lovestone S, Makoff A, Kerwin RW. Do antidepressants regulate how cortisol affects the brain? Psychoneuroendocrinology. 2004 May;29(4):423-47. 

Although the effects of antidepressants on glucocorticoid hormones and their receptors are relevant for the therapeutic action of these drugs, the molecular mechanisms underlying these effects are unclear. Studies in depressed patients, animals and cellular models have demonstrated that antidepressants increase glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) expression and function; this, in turn, is associated with enhanced negative feedback by endogenous glucocorticoids, and thus with reduced resting and stimulated hypothalamic-pituitary-adrenal (HPA) axis activity. In a series of studies conducted over the last few years, we have shown that antidepressants modulate GR function in vitro by inhibiting membrane steroid transporters that regulate the intracellular concentration of glucocorticoids. In this paper, we will review the effects of membrane steroid transporters and antidepressants on corticosteroid receptors. We will then present our unpublished data on GR live microscopy in vitro, showing that ligand-induced translocation of the GR starts within 30 seconds and is completed within minutes. Furthermore, we will present our new data using an in situ brain perfusion model in anaesthetised guinea-pigs, showing that entry of cortisol to the brain of these animals is limited at the blood-brain barrier (BBB). Finally, we will present a comprehensive discussion of our published findings on the effects of chemically unrelated antidepressants on membrane steroid transporters, in mouse fibroblasts and rat cortical neurones. We propose that antidepressants in humans could inhibit steroid transporters localised on the BBB and in neurones, like the multidrug resistance p-glycoprotein, and thus increase the access of cortisol to the brain and the glucocorticoid-mediated negative feedback on the HPA axis. Enhanced cortisol action in the brain might prove to be a successful approach to maximise therapeutic antidepressant effects.

Parrott AC, Lock J, Conner AC, Kissling C, Thome J. Dance clubbing on MDMA and during abstinence from Ecstasy/MDMA: prospective neuroendocrine and psychobiological changes. Neuropsychobiology. 2008;57(4):165-80. 

BACKGROUND/AIMS: The present study is the first to prospectively compare a group of recreational Ecstasy users when dance clubbing on 3,4-methylenedioxymethamphetamine (MDMA) and when clubbing during abstinence from Ecstasy/MDMA. METHODS: Twelve normal healthy volunteers (mean age = 23.2 years) were assessed at a Saturday night dance club under self-administered MDMA. On the other weekend they went to the same dance club without taking MDMA (order counterbalanced). Both conditions involved 5 test sessions conducted at similar times: pre-drug baseline, 1 h post-drug clubbing, 2.5 h post-drug clubbing, and 2 and 4 days later. The assessments included body and ambient temperature, physical activity (pedometer), as well as self-ratings for mood state, physical activity, thermal comfort and thirst. Saliva samples were analyzed for MDMA, cortisol and testosterone. RESULTS: The cortisol levels increased significantly by 800% when dance clubbing on MDMA, while testosterone increased significantly by 75%; neither neuroendocrine measure was altered during abstinence. Saliva analyses confirmed the presence of MDMA when dancing on Ecstasy and its absence when dancing off Ecstasy. The pedometer values and self-rated levels of dancing were similar at both weekends. Hot and cold flushes and feeling hot increased significantly under MDMA. The mean body temperature did not change significantly, although there was a borderline trend for increased values after MDMA. Feelings of happiness and excitement increased under MDMA, although they were not significantly greater than when clubbing during abstinence. CONCLUSIONS: Neurohormonal release may be an important part of the acute MDMA experience. The large cortisol increase provides further data on the bioenergetic stress model of recreational Ecstasy/MDMA.

Paulsen SK, Pedersen SB, Jørgensen JO, Fisker S, Christiansen JS, Flyvbjerg A, Richelsen B. Growth hormone (GH) substitution in GH-deficient patients inhibits 11beta-hydroxysteroid dehydrogenase type 1 messenger ribonucleic acid expression in adipose tissue. J Clin Endocrinol Metab. 2006 Mar;91(3):1093-8.

CONTEXT: Local tissue activity of glucocorticoids is in part determined by the isoenzymes 11beta-hydroxysteroid dehydrogenase 1 (11beta-HSD1) and 11beta-HSD2, interconverting inert cortisone and active cortisol. Increased tissue activity of cortisol may play a central role in the features of GH deficiency and the metabolic syndrome. OBJECTIVE: We investigated the effects of GH treatment on adipose tissue 11beta-HSD mRNA. SUBJECTS AND METHODS: A randomized placebo-controlled double-blind study design was used. Twenty-three GH-deficient patients (16 males and seven females) were randomized to 4 months of GH treatment (2 IU/m2) (n = 11) or placebo treatment (n = 12). Adipose tissue biopsies and blood samples were obtained before and after treatment. Biopsies were obtained from the abdominal sc depot at the level of the umbilicus and do not necessarily reflect the metabolically more important visceral adipose tissue. Gene expressions were determined by real-time RT-PCR. RESULTS: GH treatment decreased 11beta-HSD1 mRNA 66% [95% confidence interval (CI), 23-107%; P < 0.01] and increased 11beta-HSD2 mRNA 167% (95% CI, 33-297%; P < 0.05) in adipose tissue. Serum IGF-I and IGF-I mRNA increased in the GH-treated group by 187% (95% CI, 122-250%; P < 0.001) and 470% (95% CI, 88-846%; P < 0.01). The change in 11beta-HSD1 mRNA expression was negatively correlated with the change in serum IGF-I (R = -0.434; P < 0.05). In contrast, the change in 11beta-HSD2 mRNA expression was positively correlated with the change in serum IGF-I (R = 0.487; P < 0.05), and even stronger with the change in IGF-I mRNA expression (R = 0.798; P < 0.0001). CONCLUSION: GH treatment is able to decrease 11beta-HSD1 mRNA and increase 11beta-HSD2 and accordingly may be able to reduce the amount of locally produced cortisol in adipose tissue.

Petrelluzzi KF, Garcia MC, Petta CA, Grassi-Kassisse DM, Spadari-Bratfisch RC. Salivary cortisol concentrations, stress and quality of life in women with endometriosis and chronic pelvic pain. Stress. 2008;11(5):390-7.

The objective of this study was to evaluate the perceived stress index, quality of life, and hypothalamus-pituitary-adrenal axis activity in women with endometriosis and chronic pelvic pain. For the study, 93 women with endometriosis and 82 healthy women volunteered. The visual analogue scale (VAS) (0=no pain; 10=severe pain) was used to determine pain intensity; the perceived stress questionnaire (PSQ) defined stress index, and the health-related quality-of-life (HRQOL)-SF-36 questionnaire was used to evaluate quality of life. Salivary cortisol was measured at 0800, 1600, and 2000 h and the awakening cortisol response was assessed to evaluate the hypothalamus-pituitary-adrenal axis activity. The results show that women with endometriosis and chronic pelvic pain of moderate intensity (4.1+/-0.58, mean+/-SEM) have higher levels of perceived stress (0.55+/-0.01 versus 0.42+/-0.01, p<0.05), a poorer quality of life expressed as lower scores for all items of the inventory and hypocortisolism. Lower levels of salivary cortisol were observed in all three samples collected, as well as in the awakening cortisol response, for women with endometriosis (0.19+/-0.09 microg/dl) when compared with controls (0.78+/-0.08 microg/dl, p<0.05 l), and it was independent of pain intensity and Mental health (MH) scores in SF-36. We concluded that women with endometriosis and chronic pelvic pain show low concentrations of salivary cortisol and a high level of perceived stress, associated with a poor quality of life. Whether the hypocortisolism was an adaptive response to the aversive symptoms of the disorder or a feature related to the etiology of endometriosis remains to be elucidated. (Cortisol is known to deactivate estradiol in endometrial tissue, then low cortisol is likely to be causative in endometriosus-HHL)
Plihal W, Krug R, Pietrowsky R, Fehm HL, Born J. Corticosteroid receptor mediated effects on mood in humans. Psychoneuroendocrinology. 1996 Aug;21(6):515-23.

The present double-blind cross-over study aimed to discriminate effects of dexamethasone (DEX) and cortisol (CORT) on mood in ten healthy men. DEX is assumed to predominantly activate glucocorticoid receptors (GR) whereas CORT binds central nervous mineralocorticoid receptors (MR) as well as GR. Mood was assessed by an extensive adjective checklist (Eigenschaftswoerterliste) every morning during two 7-day experimental periods. During one of these periods, subjects were subchronically treated with placebo, during the other they received DEX (4 mg/day). On days 5 and 7 of these periods, (in a balanced manner) either placebo or CORT (10 mg/h) was infused during the night (9 h) before mood assessment. DEX, acutely, enhanced activation, concentration, and arousal (p < .05). During prolonged DEX administration, the energizing effect of the glucocorticoid decreased, but emotional arousability and negative feelings (anger, sadness) were significantly enhanced. CORT administered during prolonged DEX treatment, counteracted these negative feelings, and enhanced scores on a dimension of "high spirits". Sole administration of CORT also enhanced "high spirits" (p < .05) and, like DEX, activation and concentration (p < .05). Results suggest GR to mediate an energizing effect and, with prolonged activation, a dysphoric influence on mood. Predominant activation of MR appears to mediate changes towards euphoric mood.

Popma A, Vermeiren R, Geluk CA, Rinne T, van den Brink W, Knol DL, Jansen LM, van Engeland H, Doreleijers TA. Cortisol moderates the relationship between testosterone and aggression in delinquent male adolescents. Biol Psychiatry. 2007 Feb 1;61(3):405-11. 

BACKGROUND: In animals, strong evidence exists for an association between testosterone and aggression. In humans, and particularly in children and adolescents, findings have been less consistent. Previous research has suggested that this may partly be due to moderating effects of other factors, e.g., hormones. This study aims to investigate the moderating effect of cortisol on the relationship between testosterone and subtypes of aggression in delinquent male adolescents. METHODS: Participants were 103 boys (mean age 13.7) referred to a delinquency diversion program. Testosterone and cortisol levels were determined from saliva samples collected during resting conditions and related to self-report scores on overt and covert aggression. RESULTS: Linear regression analyses revealed a significant interaction between cortisol and testosterone in relation to overt aggression, with a significant positive relationship between testosterone and overt aggression in subjects with low cortisol levels but not in subjects with high cortisol levels. Using the same model for covert aggression, no significant effects of testosterone, cortisol, or testosterone x cortisol interaction were found. CONCLUSIONS: These results indicate a moderating effect of cortisol on the relationship between testosterone and overt aggression in delinquent male adolescents. Implications and directions for future research are discussed.

Puder JJ, Freda PU, Goland RS, Wardlaw SL. Estrogen modulates the hypothalamic-pituitary-adrenal and inflammatory cytokine responses to endotoxin in women. J Clin Endocrinol Metab. 2001 Jun;86(6):2403-8.

Endotoxin stimulates the release of the inflammatory cytokines interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-alpha, which are potent activators of the hypothalamic-pituitary-adrenal (HPA) axis. Recent studies in the rodent and in the primate have shown that the HPA responses to endotoxin and IL-1 were enhanced by gonadectomy and attenuated by estradiol (E2) replacement. In addition, there is some evidence, in the rodent, that estrogen modulates inflammatory cytokine responses to endotoxin. To determine whether estrogen has similar effects in humans, we studied the cytokine and HPA responses to a low dose of endotoxin (2--3 ng/kg) in six postmenopausal women with and without transdermal E2 (0.1 mg) replacement. Mean E2 levels were 7.3 +/- 0.8 pg/mL in the unreplaced subjects and increased to 102 +/- 13 pg/mL after estrogen replacement. Blood was sampled every 20 min for 1--2 h before, and for 7 h after, iv endotoxin administration. Endotoxin stimulated ACTH, cortisol, and cytokine release in women with and without E2 replacement. E2 significantly attenuated the release of ACTH (P < 0.0001) and of cortisol (P = 0.02). Mean ACTH levels peaked at 190 +/- 91 pg/mL in the E2-replaced group vs. 411 +/- 144 pg/mL in the unreplaced women, whereas the corresponding mean cortisol levels peaked at 27 +/- 2.9 microg/dL with E2 vs. 31 +/- 3.2 microg/dL without E2. Estrogen also attenuated the endotoxin-induced release of IL-6 (P = 0.02), IL-1 receptor antagonist (P = 0.003), and TNF-alpha (P = 0.04). Mean cytokine levels with and without E2 replacement peaked at 341 +/- 94 pg/mL vs. 936 +/- 620 pg/mL for IL-6, 82 +/- 14 ng/mL vs. 133 +/- 24 ng/mL for IL-1 receptor antagonist, and 77 +/- 46 pg/mL vs. 214 +/- 87 pg/mL for TNF-alpha, respectively. We conclude that inflammatory cytokine and HPA responses to a low dose of endotoxin are attenuated in postmenopausal women receiving E2 replacement. These data show, for the first time in the human, that a physiological dose of estrogen can restrain cytokine and neuroendocrine responses to an inflammatory challenge. PMID: 11397831

Punthakee Z, Legault L, Polychronakos C. Prednisolone in the treatment of adrenal insufficiency: a re-evaluation of relative potency. J Pediatr. 2003 Sep;143(3):402-5. 
    

Prednisolone has unknown growth-suppressing effects relative to other steroids. We retrospectively studied 9 children (6 with congenital adrenal hyperplasia, CAH) receiving hydrocortisone replacement after switching to prednisolone (dose ratio, 1:5). Growth velocity and, in patients with CAH, 17-OHP decreased significantly. Dose reduction reversed these effects. Roughly, growth suppression relative potency for prednisolone:hydrocortisone was 15:1.

Purnell JQ, Brandon DD, Isabelle LM, Loriaux DL, Samuels MH. Association of 24-hour cortisol production rates, cortisol-binding globulin, and plasma-free cortisol levels with body composition, leptin levels, and aging in adult men and women. J Clin Endocrinol Metab. 2004 Jan;89(1):281-7.


The present study was designed to examine the hypothesis that hypothalamic-pituitary-adrenal axis activity as measured by 24-h cortisol production rate (CPR) and plasma levels of free cortisol is linked to increased body fat in adults, and that increased cortisol levels with aging results from increased CPR. Fifty-four healthy men and women volunteers with a wide range of body mass indexes and ages underwent measurement of CPR by isotope dilution measured by gas chromatography-mass spectroscopy, cortisol-binding globulin, and free cortisol in pooled 24-h plasma, body composition, and leptin. Cortisol clearance rates were determined from the 10-h disappearance curves of hydrocortisone after steady-state infusion in a separate group of lean and obese subjects with adrenal insufficiency. Although CPR significantly increased with increasing body mass index and percentage body fat, free cortisol levels remained independent of body composition and leptin levels due to increased cortisol clearance rates. CPR and free cortisol levels were, however, significantly higher in men than women. In addition, 24-h plasma free cortisol levels were increased with age in association with increased CPR, independent of body size. This increase in hypothalamic-pituitary-adrenal axis activity may play a role in the alterations in body composition and central fat distribution in men vs. women and with aging.

Purnell JQ, Kahn SE, Samuels MH, Brandon D, Loriaux DL, Brunzell JD. Enhanced cortisol production rates, free cortisol, and 11beta-HSD-1 expression correlate with visceral fat and insulin resistance in men: effect of weight loss. Am J Physiol Endocrinol Metab. 2009 Feb;296(2):E351-7.

Controversy exists as to whether endogenous cortisol production is associated with visceral obesity and insulin resistance in humans. We therefore quantified cortisol production and clearance rates, abdominal fat depots, insulin sensitivity, and adipocyte gene expression in a cohort of 24 men. To test whether the relationships found are a consequence rather than a cause of obesity, eight men from this larger group were studied before and after weight loss. Daily cortisol production rates (CPR), free cortisol levels (FC), and metabolic clearance rates (MCR) were measured by stable isotope methodology and 24-h sampling; intra-abdominal fat (IAF) and subcutaneous fat (SQF) by computed tomography; insulin sensitivity (S(I)) by frequently sampled intravenous glucose tolerance test; and adipocyte 11beta-hydroxysteroid dehydrogenase-1 (11beta-HSD-1) gene expression by quantitative RT-PCR from subcutaneous biopsies. Increased CPR and FC correlated with increased IAF, but not SQF, and with decreased S(I). Increased 11beta-HSD-1 gene expression correlated with both IAF and SQF and with decreased S(I). With weight loss, CPR, FC, and MCR did not change compared with baseline; however, with greater loss in body fat than lean mass during weight loss, both CPR and FC increased proportionally to final fat mass and IAF and 11beta-HSD-1 decreased compared with baseline. These data support a model in which increased hypothalamic-pituitary-adrenal activity in men promotes selective visceral fat accumulation and insulin resistance and may promote weight regain after diet-induced weight loss, whereas 11beta-HSD-1 gene expression in SQF is a consequence rather than cause of adiposity. PMID: 19050176

Pruessner JC, Hellhammer DH, Kirschbaum C. Burnout, perceived stress, and cortisol responses to awakening. Psychosom Med. 1999 Mar-Apr;61(2):197-204. 


OBJECTIVE: The effects of burnout and perceived stress on early morning free cortisol levels after awakening were investigated in a group of teachers. Previous studies revealed that cortisol levels show a significant increase after awakening, with high intraindividual stability. METHODS: Sixty-six teachers from local public schools (42 women and 24 men, mean age 42+/-5 years) were asked to sample saliva for cortisol analysis on 3 consecutive days. On each day, cortisol levels were measured at the time of awakening and 15, 30, and 60 minutes thereafter. On the night before the third day, subjects took 0.5 mg dexamethasone orally for testing glucocorticoid feedback inhibition. Burnout and perceived stress were measured by three different questionnaires. RESULTS: Perceived stress correlated with increases of cortisol levels during the first hour after awakening after dexamethasone pretreatment. In addition, teachers scoring high on burnout showed lower overall cortisol secretion on all sampling days, and a higher suppression of cortisol secretion after dexamethasone administration. In the subgroup of teachers with both high levels of perceived stress and high levels of burnout, a lower overall cortisol secretion was observed on the first 2 days, with stronger increases during the first hour after awakening after dexamethasone suppression. This subgroup also showed the lowest self-esteem, the highest external locus of control, and the highest number of somatic complaints. CONCLUSIONS: These results demonstrate differential effects of burnout and perceived stress on hypothalamic-pituitary-adrenal axis regulation.

Putman P, Hermans EJ, Koppeschaar H, van Schijndel A, van Honk A single administration of cortisol acutely reduces preconscious attention for fear in anxious young men. J. Psychoneuroendocrinology. 2007 Aug;32(7):793-802.

Chronically elevated HPA activity has often been associated with fear and anxiety, but there is evidence that single administrations of glucocorticoids may acutely reduce fear. Moreover, peri-traumatic cortisol elevation may protect against development of post-traumatic stress disorder. Hypervigilant processing of threat information plays a role in anxiety disorders and although relations with HPA functioning have been established, causality of these relations remains unclear. Presently, self-reported anxiety and response time patterns on a masked emotional Stroop task with fearful faces were measured in 20 healthy young men after double-blind, placebo-controlled oral administration of 40 mg cortisol. The masked fearful Stroop task measures vocal colornaming response latencies for pictures of neutral and fearful faces presented below the threshold for conscious perception. Results showed increased response times on trials for fearful compared to neutral faces after placebo, but this emotional Stroop effect was acutely abolished by cortisol administration. This effect was most pronounced in subjects with heightened anxiety levels. This is the first evidence showing that exogenous cortisol acutely reduces anxiety-driven selective attention to threat. These results extend earlier findings of acute fear reduction after glucocorticoid administration. This suggests interactions of HPA functioning and vigilant attention in the pathogenesis of anxiety disorders. Possible neuroendocrine mechanisms of action are discussed.

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 /2.76=8.6ng/ml), as compared with normal subjects (1.2 +/- 0.1 nmol/L) 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 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 disorders of the HPA axis. PMID: 19602555

Raison CL, Miller AH. When not enough is too much: the role of insufficient glucocorticoid signaling in the pathophysiology of stress-related disorders. Am J Psychiatry. 2003 Sep;160(9):1554-65. 


OBJECTIVE: Previous theories have emphasized the role of excessive glucocorticoid activity in the pathology of chronic stress. Nevertheless, insufficient glucocorticoid signaling (resulting from decreased hormone bioavailability or reduced hormone sensitivity) may have equally devastating effects on bodily function. Such effects may be related in part to the role of glucocorticoids in restraining activation of the immune system and other components of the stress response, including the sympathetic nervous system (SNS) and corticotropin-releasing hormone (CRH). METHOD: The literature on neuroendocrine function and glucocorticoid-relevant pathologies in stress-related neuropsychiatric disorders, including posttraumatic stress disorder and major depression, was reviewed. RESULTS: Although not occurring together, both hypocortisolism and reduced responsiveness to glucocorticoids (as determined by dexamethasone challenge tests) were reliably found. Stress-related neuropsychiatric disorders were also associated with immune system activation/inflammation, high SNS tone, and CRH hypersecretion, which are all consistent with insufficient glucocorticoid-mediated regulation of stress hyperresponsiveness. Finally, antidepressants, a mainstay in the treatment of stress-related disorders, were regularly associated with evidence of enhanced glucocorticoid signaling. CONCLUSIONS: Neuroendocrine data provide evidence of insufficient glucocorticoid signaling in stress-related neuropsychiatric disorders. Impaired feedback regulation of relevant stress responses, especially immune activation/inflammation, may, in turn, contribute to stress-related pathology, including alterations in behavior, insulin sensitivity, bone metabolism, and acquired immune responses. From an evolutionary perspective, reduced glucocorticoid signaling, whether achieved at the level of the hormone or its receptor, may foster immune readiness and increase arousal. Emphasis on insufficient glucocorticoid signaling in stress-related pathology encourages development of therapeutic strategies to enhance glucocorticoid signaling pathways. (Maybe some safe, physiologic cortisol supplementation?—HHL)

Reimondo G, Bovio S, Allasino B, Terzolo M, Angeli A. Secondary hypoadrenalism. Pituitary. 2008;11(2):147-54.

Secondary adrenal insufficiency (SAI) is a clinical disorder that results from hypothalamic or hypophyseal damage or from prolonged administration of supraphysiological doses of glucocorticoids. Since glucocorticoids are widely used for a variety of diseases, the prevalence of SAI is by far exceeding that of primary adrenal insufficiency. Although the presentation of adrenal insufficiency may be insidious and difficult to recognize, an appropriate adrenocortical hormone replacement could lead to a normal quality of life and longevity can be achieved. The spectrum of adrenal insufficiency ranges from overt adrenal crises to subtle dysfunctions in asymptomatic patients who may be at risk of developing acute adrenal insufficiency since their hypothalamic-pituitary-adrenal (HPA) axis cannot appropriately react to stress. Thus, identification of patients with subtle abnormalities of the HPA is mandatory for avoiding this life-threatening event in stressful conditions. The optimal tests and the optimal testing sequence for adrenal insufficiency are still matter of debate. Insulin tolerance test (ITT) could be the gold standard, as it tests the whole HPA axis, but there are some patients who pass the ITT failing the ACTH test. Various alternatives to the ITT, including the standard cosyntropin stimulation test (SST) and low-dose SST, have been proposed since the adrenal gland in SAI loses the capacity for a prompt response to ACTH stimulation. The standard ACTH dose, but not the 1 microg dose, increases adrenal blood flow and this may contribute to produce an early cortisol response of greater magnitude. Moreover, the loss of the early cortisol response to ACTH stimulation could be a specific property of adrenal insufficiency, thus being a sensitive and early marker of failing adrenal function. While the results of the SSTs are often positive in patients with long-standing and severe disease, in patients with mild or recent-onset SAI these tests, using either 250 microg or 1 microg ACTH, tend to give normal results; thus, a negative cosyntropin test result does not rule out the possibility of SAI. Further studies with a systematic comparison of the different tests in large series of patients submitted to a prolonged follow-up are needed to solve the controversy of the optimal diagnostic strategy of SAI. PMID: 18418713

Reincke M. Subclinical Cushing's syndrome. Endocrinol Metab Clin North Am. 2000 Mar;29(1):43-56.

Classic Cushing's syndrome is a rare disease with an estimated incidence of 1 case per 100,000 persons. With routine use of imaging techniques such as ultrasound and CT, adrenal masses are being detected with increased frequency. A substantial percentage of these incidentalomas are hormonally active, with 5% to 20% of the tumors producing glucocorticoids. Autonomous glucocorticoid production without specific signs and symptoms of Cushing's syndrome is termed subclinical Cushing's syndrome. With an estimated prevalence of 79 cases per 100,000 persons, subclinical Cushing's syndrome is much more common than classic Cushing's syndrome. Depending on the amounts of glucocorticoids secreted by the tumor, the clinical spectrum ranges from slightly attenuated diurnal cortisol rhythm to complete atrophy of the contralateral adrenal gland with lasting adrenal insufficiency after unilateral adrenalectomy. Patients with subclinical Cushing's syndrome lack the classical stigmata of hypercortisolism but have a high prevalence of obesity, hypertension, and type 2 diabetes. All patients with incidentally detected adrenal masses scheduled for surgery must undergo testing for subclinical Cushing's syndrome to avoid postoperative adrenal crisis. The best screening test to uncover autonomous cortisol secretion is the short dexamethasone suppression test. Because the adrenal origin of a pathologic cortisol secretion is anticipated, the author prefers a higher dexamethasone dose (3 mg instead of 1 mg) to reduce false-positive results. A suppressed serum cortisol level of less than 3 micrograms/dL (80 nmol/L) after dexamethasone excludes significant cortisol secretion by the tumor. A serum cortisol level greater than 3 micrograms/dL requires further investigation, including confirmation by high-dose dexamethasone (8 mg) suppression testing, a CRH test, and analysis of diurnal rhythm. Determination of urinary free cortisol is less useful because increased values are a late finding usually associated with emerging clinical signs of Cushing's syndrome. Patients with suppressed plasma ACTH in response to CRH generally have adrenal insufficiency after surgery and require adequate perioperative and postoperative substitution therapy. Whether patients with subclinical Cushing's syndrome should undergo adrenalectomy is a matter of debate. The author performs surgery in young patients (< 50 years), in patients with suppressed plasma ACTH, and in patients with a recent history of weight gain, substantial obesity, arterial hypertension, diabetes mellitus, and osteopenia. In completely asymptomatic patients with normal plasma ACTH concentrations and in patients older than 75 years, the author recommends a nonsurgical approach. A large prospective randomized study is necessary to evaluate the benefits of surgery versus conservative treatment in patients with subclinical Cushing's syndrome.(For the overnight method, a baseline cortisol is measured on the morning of the test, then 1, 3  or 8 mg of dexamethasone is given at 11 p.m. Blood is drawn at 8 a.m. for a cortisol measurement.-HHL)
Roca CA, Schmidt PJ, Deuster PA, Danaceau MA, Altemus M, Putnam K, Chrousos GP, Nieman LK, Rubinow DR. Sex-related differences in stimulated hypothalamic-pituitary-adrenal axis during induced gonadal suppression. J Clin Endocrinol Metab. 2005 Jul;90(7):4224-31.

CONTEXT: Sex-related differences in the stress response are well described in the animal literature but in humans are inconsistent and appear to reflect both the method used to stimulate the hypothalamic-pituitary-adrenal (HPA) axis and the age of the subjects. Sex-related differences in reproductive steroid levels further confound efforts to define the specific role of the sex of the individual in stress axis responsivity. OBJECTIVE: The aim of this study was to address this role independent of differences in reproductive steroid levels. We compared HPA axis response to pharmacological (CRH) and physiological (exercise) stressors in two groups of young to middle-aged (18-45 yr) men (n = 10 and 8) and women (n = 12 and 13) undergoing gonadal suppression with leuprolide acetate (monthly im injection of 7.5 mg in men and 3.75 mg in women). DESIGN: Exercise and CRH stimulation tests were performed during induced hypogonadal conditions. SETTING: The study was conducted at a National Institutes of Health Clinical Center Outpatient Clinic. PATIENT OR OTHER PARTICIPANTS: Male and female normal volunteers participated in the study. MAIN OUTCOME MEASURES: The main outcome measures were stimulated ACTH and cortisol levels. RESULTS: Both CRH (1 microg/kg) stimulation and graded treadmill exercise stimulation occurred in the month after the second leuprolide injection to ensure gonadal suppression. Despite the absence of sex differences in estradiol or testosterone at the time of testing, men showed increased stimulated ACTH (repeated-measures ANOVA for CRH, P < 0.005) and cortisol (repeated-measures ANOVA for exercise, P < 0.05) compared with women. Among the summary measures, area under the curve (AUC) for cortisol was significantly greater in men than women after exercise. Although the AUC for ACTH was not significantly different across sexes, the initial AUC (0-30 min) was significantly greater in men for both procedures. No significant sex differences were found in a measure of adrenal responsivity, the cortisol to ACTH ratio, for either procedure. Cortisol-binding globulin levels did not differ between men and women and were not correlated with stimulated HPA axis measures. These data confirm earlier reports of sex differences in stimulated HPA axis activity and demonstrate that these differences exist even under induced hypogonadal conditions (i.e. in the absence of characteristic differences in reproductive steroids). PMID: 15886244

Roy BN, Reid RL, Van Vugt DA. The effects of estrogen and progesterone on corticotropin-releasing hormone and arginine vasopressin messenger ribonucleic acid levels in the paraventricular nucleus and supraoptic nucleus of the rhesus monkey. Endocrinology. 1999 May;140(5):2191-8. 

Ovarian steroids increase hypothalamic-pituitary-adrenal (HPA) axis activity and sensitize the hypothalamic-pituitary-ovarian (HPO) axis to stress-induced inhibition. The present study investigated the effect of ovarian steroids on CRH and arginine vasopressin (AVP) messenger RNA (mRNA) levels in the rhesus monkey hypothalamus, as both neuropeptides have been shown to stimulate the HPA axis and inhibit the HPO axis in this species. This was accomplished by measuring CRH and AVP mRNA in the paraventricular nucleus (PVN) and supraoptic nucleus (SON) by in situ hybridization histochemistry. Menstrual cycles were simulated in ovariectomized (OVX) rhesus monkeys by sequential addition and removal of SILASTIC brand (Dow Corning Corp.) tubing containing either 17beta-estradiol (E2) or progesterone (P4). On the morning of day 11 of the simulated follicular phase (E2 alone) or day 21 of the luteal phase (E2 + P4), animals were anesthetized, and the brains were perfused with paraformaldehyde via the carotid artery. Coronal sections (30 microm) were cut, and mRNA for CRH and AVP in the paraventricular nucleus (PVN) and supraoptic nucleus (SON) were semiquantified by in situ hybridization. CRH mRNA in the PVN of E2-replaced OVX animals (n = 7) was 2-fold greater than that in untreated OVX controls (n = 4), whereas CRH mRNA after E2 + P4 (n = 4) was no different from that in controls (optical density + SEM, 0.38 +/- 0.06, 0.13 +/- 0.08, and 0.14 +/- 0.09 for OVX + E2, OVX + E2 + P4, and OVX, respectively; P = 0.02). CRH in the SON was undetectable. In contrast to CRH, AVP mRNA in the PVN and the SON was similar in the three treatment groups. We conclude that E2 and E2 + P4 replacement to OVX monkeys exert different effects on CRH and AVP gene expression, as estrogen stimulation of CRH mRNA in the PVN was abrogated by progesterone, whereas no effect of ovarian steroids on AVP mRNA in either the PVN or SON was observed. We postulate that ovarian steroid regulation of CRH synthesis and release may in part explain the central nervous system mechanisms by which ovarian steroids affect the HPA and HPO axes during basal and stress conditions.(Estrogen stimulates CRH-cortisol whereas progesterone inhibits. In the periphery, however, estrogen inhibits conversion of inactive cortisone to cortisol, and progesterone blocks cortisol receptors as a weak agonist.—HHL)

Rubinow DR, Roca CA, Schmidt PJ, Danaceau MA, Putnam K, Cizza G, Chrousos G, Nieman L. Testosterone suppression of CRH-stimulated cortisol in men. Neuropsychopharmacology. 2005 Oct;30(10):1906-12.

Despite observations of age-dependent sexual dimorphisms in hypothalamic-pituitary-adrenal (HPA) axis activity, the role of androgens in the regulation of HPA axis activity in men has not been examined. We assessed this role by performing CRH stimulation tests in 10 men (ages 18-45 years) during gonadal suppression with leuprolide acetate and during testosterone addition to leuprolide. CRH-stimulated cortisol levels as well as peak cortisol and greatest cortisol excursion were significantly lower (p<0.05, 0.005, and 0.01, respectively) during testosterone replacement compared with the induced hypogonadal condition (leuprolide plus placebo); cortisol area under the curve was lower at a trend level (p<0.1). Paradoxically, CRH-stimulated corticotropin (ACTH) was increased significantly during testosterone replacement (p<0.05). The cortisol : ACTH ratio, a measure of adrenal sensitivity, was lower during testosterone replacement (p<0.1). A mixed effects regression model showed that testosterone but not estradiol or CBG significantly contributed to the variance of cortisol. These data demonstrate that testosterone regulates CRH-stimulated HPA axis activity in men, with the divergent effects on ACTH and cortisol suggesting a peripheral (adrenal) locus for the suppressive effects on cortisol. Our results further demonstrate that the enhanced stimulated HPA axis activity previously described in young men compared with young women cannot be ascribed to an activational upregulation of the axis by testosterone.

Sagud M, Pivac N, Muck-Seler D, Jakovljevic M, Mihaljevic-Peles A, Korsic M. Effects of sertraline treatment on plasma cortisol, prolactin and thyroid hormones in female depressed patients.  Neuropsychobiology. 2002;45(3):139-43. 

The aim of the study was to evaluate the effects of 4 and 24 weeks of sertraline treatment (average dose 42.5 mg/day) on plasma hormone levels in 15 female patients with major depression. Baseline levels of triiodothyronine (T(3)) were lower, while cortisol, prolactin (PRL), thyroid-stimulating hormone (TSH), and thyroxin (T(4)) levels did not differ from the values in 16 female controls. There was a positive correlation between the scores on the Montgomery-Asperg Depression Rating Scale and baseline cortisol levels. Treatment with sertraline for 4 weeks increased plasma cortisol levels, while 24 weeks of sertraline treatment increased plasma T(3) levels in depressed patients. Neither 4, nor 24 weeks of sertraline treatment affected PRL, T(4) and TSH levels in depressed patients. The data show different and time-dependent effects of sertraline treatment on plasma cortisol, PRL and thyroid hormones in female depressed patients. 

Samuels MH, Luther M, Henry P, Ridgway EC. Effects of hydrocortisone on pulsatile pituitary glycoprotein secretion. J Clin Endocrinol Metab. 1994 Jan;78(1):211-5.

During states of stress, hypothalamic-pituitary-thyroid and hypothalamic-pituitary-gonadal function can be suppressed. One putative mediator of this stress response may be glucocorticoids, which have widespread effects on thyroid and gonadal function. To characterize dynamic pituitary glycoprotein secretion during glucocorticoid administration, 24-h TSH, LH, FSH, and alpha-subunit pulses were measured in 10 healthy young subjects on 3 occasions: 1) at baseline, 2) during infusions of 100 mg hydrocortisone (HC) over 24 h, and 3) during infusions of 300 mg HC over 24 h. These HC infusions led to serum cortisol levels similar to the endogenous cortisol levels seen in moderate and severe stress. Both HC infusions had profound rapid effects on TSH levels, decreasing TSH pulse amplitude by 60% and abolishing the nocturnal TSH surge. However, TSH pulse frequency was unaltered. In contrast, HC infusions did not change mean or pulsatile LH, FSH, or alpha-subunit secretion. These results suggest that stress levels of cortisol acutely suppress TSH secretion at the pituitary level, with little effect on the TSH pulse generator. On the other hand, the effects of stress and/or hypercortisolism on the gonadal axis may require higher cortisol levels, more prolonged exposure, or other mediators of the stress response. PMID: 8288706

Scheller K, Seibel P, Sekeris CE. Glucocorticoid and thyroid hormone receptors in mitochondria of animal cells. Int Rev Cytol. 2003;222:1-61.

This article concerns the localization of glucocorticoid and thyroid hormone receptors in mitochondria of animal cells. The receptors are discussed in terms of their potential role in the regulation of mitochondrial transcription and energy production by the oxidative phosphorylation pathway, realized both by nuclear-encoded and mitochondrially encoded enzymes. A brief survey of the role of glucocorticoid and thyroid hormones on energy metabolism is presented, followed by a description of the molecular mode of action of these hormones and of the central role of the receptors in regulation of transcription. Subsequently, the structure and characteristics of glucocorticoid and thyroid hormone receptors are described, followed by a section on the effects of glucocorticoid and thyroid hormones on the transcription of mitochondrial and nuclear genes encoding subunits of OXPHOS and by an introduction to the mitochondrial genome and its transcription. A comprehensive description of the data demonstrates the localization of glucocorticoid and thyroid hormone receptors in mitochondria as well as the detection of potential hormone response elements that bind to these receptors. This leads to the conclusion that the receptors potentially play a role in the regulation of transcription of mitochondrial genes. The in organello mitochondrial system, which is capable of sustaining transcription in the absence of nuclear participation, is presented, responding to T3 with increased transcription rates, and the central role of a thyroid receptor isoform in the transcription effect is emphasized. Lastly, possible ways of coordinating nuclear and mitochondrial gene transcription in response to glucocorticoid and thyroid hormones are discussed, the hormones acting directly on the genes of the two compartments by way of common hormone response elements and indirectly on mitochondrial genes by stimulation of nuclear-encoded transcription factors. PMID: 12503846

Schlösser R, Wetzel H, Dörr H, Rossbach W, Hiemke C, Benkert O. Effects of subchronic paroxetine administration on night-time endocrinological profiles in healthy male volunteers. Psychoneuroendocrinology. 2000 May;25(4):377-88.

To evaluate the subchronic effects of paroxetine, a selective serotonin reuptake inhibitor, on nocturnal endocrinological profiles, eight healthy male volunteers with no personal or family history of a psychiatric or neurological disease were administered paroxetine (30 mg/day) or placebo in a double-blind cross-over design. Drugs were given as a single dose at 10:00 h for a period of 4 weeks each. Between days 21 and 28 of each treatment period, sleep EEG was registered for four consecutive nights from 23:00 to 07:00 h. During the last night, hormonal profiles for prolactin, growth hormone (GH), cortisol, corticotropin (ACTH), luteinizing hormone (LH), testosterone and melatonin were determined, and area-under-the-curve values were calculated. None of the endocrinological parameters revealed any statistically significant changes. A trend could be found for an increased cortisol production under paroxetine (P = 0.069). ACTH, LH, and melatonin showed slight and non-significant decreases. Prolactin release was only marginally elevated (+7%). The mean sleep onset GH release (as measured for a time period of 180 min after sleep onset) was decreased by about 30% under paroxetine. However, statistical significance could not be reached. For hGH, there was a delayed mean GH-peak under paroxetine. Nocturnal testosterone secretion remained almost unaltered. The lack of significant endocrinological alterations might be partially explained by both adaptational phenomena under subchronic treatment conditions and the extended time span between the single morning dose and the registration period, respectively.

Seale JV, Wood SA, Atkinson HC, Harbuz MS, Lightman SL. Gonadal steroid replacement reverses gonadectomy-induced changes in the corticosterone pulse profile and stress-induced hypothalamic-pituitary-adrenal axis activity of male and female rats. J Neuroendocrinol. 2004 Dec;16(12):989-98. 


We investigated the effects of gonadal hormone replacement on the pulsatile parameters underlying basal circadian corticosterone secretion in castrated male and ovariectomized female rats using an automated sampling system. Blood was collected from freely moving, unanaesthetized rats every 10 min over a 24-h period and sampling was continued during a noise stress and after lipopolysaccharide (LPS) administration. Castrated male rats had markedly higher corticosterone levels than intact controls. This was reflected by increased number and frequency of pulses in addition to an increase in the pulse height and amplitude under both basal circadian and stress conditions. Hormone replacement with either testosterone or dihydrotestosterone returned these corticosterone levels and circadian profile to those found in intact males, confirming an androgen-mediated effect. Ovariectomized females had significantly lower basal and stress-induced corticosterone levels with lower frequency and amplitude of corticosterone pulses than intact females. 17beta-oestradiol replacement returned basal levels, pulsatile measurements and stress-induced corticosterone levels to those found in intact females. Three hours post-LPS administration, castrated males demonstrated significantly higher values of parvocellular paraventricular nucleus (PVN) arginine vasopressin and corticotrophin-releasing factor and anterior pituitary pro-opiomelanocortin mRNA while ovariectomized females showed significantly lower levels of all three transcripts compared to intact controls. PVN glucocorticoid receptor mRNA levels 3 h post-LPS administration were significantly decreased in castrated males and significantly increased in ovariectomized female rats. Replacement of gonadal steroids resulted in a return to the levels found in intact controls after LPS. Gonadal steroid replacement is sufficient to reverse changes in the pulsatile characteristics of corticosterone release after gonadectomy. In addition, gonadal steroid replacement reverses stress-induced alterations in hypothalamic-pituitary-adrenal (HPA) activity. These data demonstrate a major contribution of gonadal steroids to the regulation of HPA axis activity and to the pulsatile characteristics of corticosterone release.

Seckl JR, Morton NM, Chapman KE, Walker BR. Glucocorticoids and 11beta-hydroxysteroid dehydrogenase in adipose tissue. Recent Prog Horm Res. 2004;59:359-93.


The highly prevalent metabolic syndrome (insulin resistance, type 2 diabetes, dyslipidemia, hypertension, along with abdominal obesity) resembles Cushing's syndrome. However, in simple obesity, plasma cortisol levels are not elevated. 11beta-hydroxysteroid dehydrogenase type 1 (11beta-HSD1), at least in mature adipocytes and hepatocytes, converts inactive circulating 11-keto steroids into active glucocorticoids, amplifying local glucocorticoid action. 11beta-HSD1 is elevated in adipose tissue in obese humans and rodents, suggesting that adipose tissue glucocorticoid excess may explain the conundrum. Indeed, transgenic mice overexpressing 11beta-HSD1 in adipose tissue faithfully replicate the metabolic syndrome. Conversely, 11beta-HSD1(-/-) mice resist the metabolic consequences of stress and high-fat feeding via insulin sensitisation and other advantageous effects in the liver and adipose tissue. Adipose 11beta-HSD1 deficiency contributes to a protective metabolic phenotype, supporting its role as a therapeutic target for the metabolic syndrome.

Seeman TE, Singer B, Wilkinson CW, McEwen B. Gender differences in age-related changes in HPA axis reactivity. Psychoneuroendocrinology. 2001 Apr;26(3):225-40.

Possible differences between men and women in age-related patterns of hypothalamic-pituitary-adrenal (HPA) axis response to challenge were examined to test the hypothesis that women show greater age-related increase in HPA axis reactivity to challenge. Twenty-six younger subjects, 9 men and 17 women, ages 22-26 and 14 older subjects, 7 men and 7 women, ages 67-88 participated in the study. Patterns of change in salivary "free" cortisol were measured in response to a standardized, 30-minute cognitive challenge, administered individually to each subject beginning at 1600 h. Consistent with previous research, there was a significant main effect for age with respect to baseline cortisol: older age was associated with higher baseline cortisol (P = <0.001). Results also provide support for the hypothesized age-by-gender interaction with respect to patterns of response to challenge. There was a significant interaction with respect to maximum percentage increase over baseline (P < 0.002): among younger adults, the men exhibited greater increases whereas among the older adults, the women exhibited greater increases. A similar, though only marginally significant pattern was seen for total area under the response curve (P = 0.07). Repeated measures ANOVA confirmed the gender-by-age differences in the patterns of response (P = 0.01 for time*age*gender interaction). PMID: 11166486

Segal TY, Hindmarsh PC, Viner RM. Disturbed adrenal function in adolescents with chronic fatigue syndrome. J Pediatr Endocrinol Metab. 2005 Mar;18(3):295-301.

OBJECTIVE: To investigate adrenal function in children and adolescents with chronic fatigue syndrome (CFS) compared with age-matched controls. METHODS: Case-control study of low dose (500 ng/m2) synacthen tests (LDST) in 23 adolescents with CFS and 17 age-matched controls. Serum cortisol concentrations were measured at 5-min intervals from 10 to 45 minutes. Peak serum cortisol concentration, time to peak, rise in cortisol and area under the curve (AUC) were derived. RESULTS: Patients with CFS had significantly lower mean cortisol levels during the LDST (p <0.001), lower peak cortisol (p <0.025), reduced cortisol AUC (p <0.005) and longer time to peak cortisol (p <0.05). Abnormalities were seen in both sexes but were more pronounced in females. Unstimulated adrenal androgen and 17-hydroxyprogesterone concentrations were normal. CONCLUSIONS: Adolescents with CFS have subtle alterations in adrenal function suggesting a reduction in central stimulation of the adrenal glands. The more pronounced effects in females may reflect differential central effects of stress on hypothalamic-pituitary-adrenal axis regulation between the sexes.

Segre EJ, Friedrich EH, Dodek OI Jr, Lloyd CW, Lobotsky J, Levin J, Klaiber EL. Effects of epinephrine on the production and metabolic clearance of cortisol in normal men and women and in women with idiopathic hirsutism. Acta Endocrinol (Copenh). 1966 Dec;53(4):561-70.

The influence of epinephrine on the metabolic clearance rate (MCR) and production rate (PR) of cortisol was determined in normal men and women and in women with idiopathic hirsutism. MCR was measured using a constant infusion of 3H-cortisol and PR calculated as the product of MCR and plasma cortisol concentration according to the model of Tait. After control observations 0.5 µg/kg epinephrine was injected intravenously in one minute followed by a constant infusion at a rate of 0.5 mg/h. The mean cortisol MCR was 10.3 litres/h in males and 7.9 litres/h in females. In neither sex was it altered by epinephrine. The mean baseline cortisol PR in males was 568 µg/h; it increased to 940 µg/h with epinephrine (P < .025 > .01). In hirsute females the mean baseline cortisol PR was 697 µg/h with an increase to 1067 µg/h with epinephrine. In normal females, the increase in cortisol PR was less (515 µg/h to 638 µg/h). Adrenal responsiveness to epinephrine, as measured by the production of cortisol, appears greater in hirsute than in normal women. Possible relationships between this difference and the development of hirsutism are discussed. PMID: 5953688

Silva IN, Kater CE, Cunha CF, Viana MB. Randomised controlled trial of growth effect of hydrocortisone in congenital adrenal hyperplasia. Arch Dis Child. 1997 Sep;77(3):214-8.

The influence of 15 or 25 mg/m2 of daily oral hydrocortisone with fludrocortisone 0.1 mg/day on growth and laboratory findings was evaluated in a prospective randomised crossover trial over 12 months in 26 children with 21-hydroxylase deficiency. Nine non-salt losers had fludrocortisone stopped for a further six month period. Height velocity was significantly decreased during treatment with 25 mg/m2 as compared with 15 mg/m2. This was the most sensitive indicator of corticosteroid treatment excess. A dose dependent effect upon plasma concentrations of 17-hydroxyprogesterone, testosterone, and androstenedione was found but increased values were still detected in more than half of the determinations made during the 25 mg/m2 period. Height velocity and 17-hydroxyprogesterone concentrations were positively correlated. Growth hormone response to clonidine stimulation and insulin-like growth factor-1 concentrations were both within reference values and there was no difference between treatment periods. Withdrawal of fludrocortisone did not result in any difference for the non-salt losers. It was concluded that 25 mg/m2 of hydrocortisone depressed growth in children with congenital adrenal hyperplasia, and that full suppression, or even normalisation, of plasma concentrations of 17-hydroxyprogesterone and androgens should not be considered a treatment goal, but instead an indication of corticosteroid treatment excess. PMID: 9370898

Soravia LM, Heinrichs M, Aerni A, Maroni C, Schelling G, Ehlert U, Roozendaal B, de Quervain DJ. Glucocorticoids reduce phobic fear in humans. Proc Natl Acad Sci U S A. 2006 Apr 4;103(14):5585-90. Epub 2006 Mar 27. 


Phobias are characterized by excessive fear, cued by the presence or anticipation of a fearful situation. Whereas it is well established that glucocorticoids are released in fearful situations, it is not known whether these hormones, in turn, modulate perceived fear. As extensive evidence indicates that elevated glucocorticoid levels impair the retrieval of emotionally arousing information, they might also inhibit retrieval of fear memory associated with phobia and, thereby, reduce phobic fear. Here, we investigated whether acutely administrated glucocorticoids reduced phobic fear in two double-blind, placebo-controlled studies in 40 subjects with social phobia and 20 subjects with spider phobia. In the social phobia study, cortisone (25 mg) administered orally 1 h before a socio-evaluative stressor significantly reduced self-reported fear during the anticipation, exposure, and recovery phase of the stressor. Moreover, the stress-induced release of cortisol in placebo-treated subjects correlated negatively with fear ratings, suggesting that endogenously released cortisol in the context of a phobic situation buffers fear symptoms. In the spider phobia study, repeated oral administration of cortisol (10 mg), but not placebo, 1 h before exposure to a spider photograph induced a progressive reduction of stimulus-induced fear. This effect was maintained when subjects were exposed to the stimulus again 2 days after the last cortisol administration, suggesting that cortisol may also have facilitated the extinction of phobic fear. Cortisol treatment did not reduce general, phobia-unrelated anxiety. In conclusion, the present findings in two distinct types of phobias indicate that glucocorticoid administration reduces phobic fear.

Starkman MN, Schteingart DE. Neuropsychiatric manifestations of patients with Cushing's syndrome. Relationship to cortisol and adrenocorticotropic hormone levels. Arch Intern Med. 1981 Feb;141(2):215-9.

Thirty-five consecutive patients with Cushing's syndrome were studied prospectively before treatment. A consistent constellation of neuropsychiatric disturbances was found, including impairments in affect (depressed mood and crying), cognitive functions (decreased libido and insomnia). Thirty-four percent of patients were rated as having a mild, 26% a moderate, 29% a severe, and 11% a very severe psychiatric disability. A statistically significant relationship was found between the overall neuropsychiatric disability rating and cortisol and adrenocorticotropic hormone (ACTH) levels. Patients with adrenal adenomas with high cortisol but low ACTH levels did not have as severe a neuropsychiatric disability.

Starkman MN, Giordani B, Gebarski SS, Berent S, Schork MA, Schteingart DE. Decrease in cortisol reverses human hippocampal atrophy following treatment of Cushing's disease. Biol Psychiatry. 1999 Dec 15;46(12):1595-602.

BACKGROUND: Decreased hippocampal volume is observed in patients with Cushing's syndrome and other conditions associated with elevated cortisol levels, stress, or both. Reversibility of hippocampal neuronal atrophy resulting from stress occurs in animals. Our study investigated the potential for reversibility of human hippocampal atrophy. METHODS: The study included 22 patients with Cushing's disease. Magnetic resonance brain imaging was performed prior to transsphenoidal microadenomectomy and again after treatment. RESULTS: Following treatment, hippocampal formation volume (HFV) increased by up to 10%. The mean percent change (3.2 +/- 2.5) was significantly greater (p < .04) than that of the comparison structure, caudate head volume (1.5 +/- 3.4). Increase in HFV was significantly associated with magnitude of decrease in urinary free cortisol (r = -.61, p < .01). This relationship strengthened after adjustments for age, duration of disease, and months elapsed since surgery (r = -.70, p < .001). There was no significant correlation between caudate head volume change and magnitude of cortisol decrease. CONCLUSIONS: Changes in human HFV associated with sustained hypercortisolemia are reversible, at least in part, once cortisol levels decrease. While many brain regions are likely affected by hypercortisolemia, the human hippocampus exhibits increased sensitivity to cortisol, affecting both volume loss and recovery. PMID: 10624540

Stewart PM. Eur J Endocrinol. Tissue-specific Cushing's syndrome, 11beta-hydroxysteroid dehydrogenases and the redefinition of corticosteroid hormone action. 2003 Sep;149(3):163-8.

Two isoforms of 11beta-hydroxysteroid dehydrogenase (11beta-HSD) interconvert the active glucocorticoid, cortisol, and inactive cortisone. 11beta-HSD1 acts predominantly as an oxo-reductase in vivo using NADP(H) as a cofactor to generate cortisol. In contrast, 11beta-HSD2 is a NAD-dependent dehydrogenase inactivating cortisol to cortisone, thereby protecting the mineralocorticoid receptor from occupation by cortisol. In peripheral tIssues, both enzymes serve to control the availability of cortisol to bind to corticosteroid receptors. 11beta-HSD2 protects the mineralocorticoid receptor from cortisol excess; mutations in the HSD11B2 gene explain an inherited form of hypertension, the syndrome of 'apparent mineralocorticoid excess', in which 'Cushing's disease of the kidney' results in cortisol-mediated mineralocorticoid excess. Inhibition of 11beta-HSD2 explains the mineralocorticoid excess state seen following liquorice ingestion and more subtle defects in enzyme expression might be involved in the pathogenesis of 'essential' hypertension. 11beta-HSD1 by generating cortisol in an autocrine fashion facilitates glucocorticoid receptor-mediated action in key peripheral tIssues including liver, adipose tissue, bone and the eye. 'Cushing's disease of the omentum' has been proposed as an underlying mechanism in the pathogenesis of central obesity and raises the exciting possibility of selective 11beta-HSD1 inhibition as a novel therapy for patients with the metabolic syndrome. 'Pre-receptor' metabolism of cortisol via 11beta-HSD isozymes is an important facet of corticosteroid hormone action. Aberrant expression of these isozymes is involved in the pathogenesis of diverse human diseases including hypertension, insulin resistance and obesity. (and cortisol-deficient states also-HHL). Modulation of enzyme activity may offer a future therapeutic approach to treating these diseases whilst circumventing the endocrine consequences of glucocorticoid excess or deficiency. PMID: 12943516

Straub RH, Cutolo M. Involvement of the hypothalamic--pituitary--adrenal/gonadal axis and the peripheral nervous system in rheumatoid arthritis: viewpoint based on a systemic pathogenetic role. Arthritis Rheum. 2001 Mar;44(3):493-507. 


From the compendium presented above, the following statements become evident: 1) Inappropriately low secretion of cortisol in relation to inflammation is a typical feature of the inflammatory disease in patients with RA. 2) The secretion of adrenal androgens is significantly reduced, which is a problem in postmenopausal women and elderly men due to a lack of downstream sex hormones. 3) Serum levels of testosterone are markedly reduced in RA. 4) Sympathetic nerve fibers are markedly reduced in the synovial tissue of patients with RA, whereas proinflammatory sensory fibers (substance P) are present. 5) Substance P serves to continuously sense painful stimuli in the periphery, and the nociceptive input from the inflamed joint shows a large amplification in the spinal cord. This leads to continuous pain with stabilization of the afferent sensory input and continuous release of proinflammatory substance P into the lumen of the joint. From these facts it is obvious that alterations of the systemic anti-inflammatory feedback systems contribute significantly to the pathogenesis of RA. Disease therapy directed at these alterations must provide a mechanism to replace the adrenal glands (glucocorticoids), the gonadal glands (androgens), and the sympathetic nervous system (adenosine increase by low-dose MTX, sulfasalazine, and salicylates) in order to integrate their immunosuppressive effects at the local site of synovial inflammation. Although local processes of the adaptive immune system are important in pathogenesis in the acute phase of RA, these mechanisms may be less important during the chronic phase of the disease in the absence of a specific trigger. We believe that a defect of systemic anti-inflammatory feedback systems is an important factor in the perpetuation of RA. This review reinforces the belief that combined therapeutic approaches on a neuroendocrine immune basis are of crucial importance in a pathogenetically oriented therapy of RA.

Streeten DH, Anderson GH Jr, Bonaventura MM.  The potential for serious consequences from misinterpreting normal responses to the rapid adrenocorticotropin test. J Clin Endocrinol Metab. 1996 Jan;81(1):285-90. 


Despite unequivocal published evidence that patients with subnormal hypothalamic-pituitary-adrenal (HPA) function may respond normally to ACTH, such normal results are still considered reliable indications of unimpaired HPA function. This view was tested in four patients with clinical features suggesting corticotropin deficiency, in whom cosyntropin (0.25 mg, i.v.) raised serum cortisol above 560 nmol/L (20 micrograms/dL) at 1 h. All four patients had subnormal responses to metyrapone and excellent persistent improvement during subsequent glucocorticoid therapy. Serum cortisol concentrations 1 h after cosyntropin treatment in these patients closely resembled cortisol concentrations 1 h after uncomplicated cholecystectomy in six other patients. However, the rapid ACTH test in the patients with hypopituitarism failed to indicate whether more prolonged stimulation by ACTH or their endogenous stress would stimulate the normal continuing rise in serum cortisol, which reached 1358 +/- 170 nmol/L (+/- SE) 5 h after the incision in the cholecystectomized patients. As the three hypocorticotropic patients who were recognizably stressed had unstressed serum cortisol levels despite persistent adrenocortical reserve (shown by their ACTH responses) and recovered during glucocorticoid therapy, the ACTH test, if interpreted to indicate normal HPA function, would probably have had disastrous consequences. We conclude that a normal response to the rapid ACTH test can be dangerously misleading, particularly in incomplete ACTH deficiency states.

Strickland P, Morriss R, Wearden A, Deakin B. A comparison of salivary cortisol in chronic fatigue syndrome, community depression and healthy controls. J Affect Disord. 1998 Jan;47(1-3):191-4.

BACKGROUND: Previous studies reporting cortisol hyposecretion in chronic fatigue syndrome may have been confounded by venepuncture, fasting and hospitalisation. METHODS: Morning and evening salivary cortisol were obtained on consecutive days in the first 3 days of the menstrual cycle and compared in three samples of women taking no medication and matched for age: 14 patients with chronic fatigue syndrome, 26 community cases of ICD-10 current depressive episodes and 131 healthy community controls. RESULTS: The mean evening cortisol was significantly lower in the chronic fatigue syndrome patients compared to controls with depression (P = 0.02) and healthy controls (P = 0.005). Chronic fatigue syndrome patients without psychiatric disorder had significantly lower morning salivary cortisols compared to controls (P = 0.009). CONCLUSION: Chronic fatigue syndrome patients display cortisol hyposecretion in saliva as well as plasma compared to patients with depression and healthy controls. LIMITATIONS: Small samples of female patients with cortisol estimated at only two time points in the day. Cortisol secretion may be secondary to other neurotransmitter abnormalities or other physiological or lifestyle factors in chronic fatigue syndrome patients. CLINICAL RELEVANCE: Chronic fatigue syndrome is biochemically distinct from community depression.

Suliman AM, Freaney R, Smith TP, McBrinn Y, Murray B, McKenna TJ. The impact of different glucocorticoid replacement schedules on bone turnover and insulin sensitivity in patients with adrenal insufficiency. Clin Endocrinol (Oxf). 2003 Sep;59(3):380-7. 


OBJECTIVE: Optimization of physiological replacement of glucocorticoid in patients with adrenal insufficiency is controversial. The present study was undertaken to compare the relative impact of three different regimes of glucocorticoid replacement in patients with adrenal insufficiency on parameters of bone turnover and insulin sensitivity. PATIENTS: Six female and three male patients with adrenal insufficiency and 17 female and 14 male control subjects participated. DESIGN: This was an open study conducted in a university teaching hospital. Schedule 1 (S1) consisted of hydrocortisone 10 mg with breakfast and 5 mg with lunch. S2 was similar to S1 with the addition of 5 mg hydrocortisone with the evening meal. S3 utilized dexamethasone 0.1 mg/15 kg body weight given per day with breakfast only. (around 0.5mg dexamethasone for a 75kg person-HHL). Each schedule was given for at least 4 weeks in random sequence to nine patients with adrenal insufficiency. METHODS: Blood was obtained at 0900 h (fasting) and at 1300 h for measurement of the ionized calcium (Cai), PTH, 25-hydroxyvitamin D and the bone formation markers intact osteocalcin and amino-terminal propeptide of type 1 procollagen (PINP). Timed urine collections were made under standardized conditions, that is while fasting between 0700 and 0900 h (basal) and between 0900 and 1300 h for measurement of the bone resorption markers, free deoxypyridinoline (FDPD) and cross-linked N-telopeptide of type 1 collagen (NTX). Blood was drawn for measurement of fasting plasma glucose and serum insulin levels. Insulin (0.075 IU/kg) was administered i.v. while the patient was fasting prior to the first glucocorticoid replacement dose on each study day. Plasma glucose was measured before and 3, 6, 9, 12 and 15 min after insulin administration to calculate the glucose disappearance rate (Kitt). Insulin resistance (IR) and beta-cell function were estimated using the homeostasis model assessment (HOMA). Glucocorticoid dosage was given according to the various schedules at approximately 0930 h. RESULTS: During all three treatment schedules the serum Cai level was significantly lower than that seen in control subjects. PTH levels in patients taking the three replacement schedules and in normal subjects were similar. Serum 25-hydroxyvitamin D levels were not suppressed in the patients during any of the three treatment schedules. The bone resorption marker urinary FDPD under basal conditions was significantly lower during S3 (dexamethasone) than during either hydrocortisone schedules, S1 or S2. Urinary NTX values were not significantly different in the three study groups. The bone formation markers intact osteocalcin and PINP were similar in the three replacement schedules. The indices of IR and beta-cell function tended to be higher during treatment with dexamethasone than with S1 or S2 but did not achieve statistical significance. CONCLUSIONS: These data indicate that all three replacement schedules were associated with low serum ionized calcium levels without evidence of a compensatory increase in PTH levels. These findings are consistent with direct or indirect suppression of the bone remodelling cycle and suppression of PTH levels. Bone turnover in patients with adrenal insufficiency treated with schedule 3, dexamethasone, was associated with lower bone turnover than patients treated with hydrocortisone schedules 1 or 2. While indices of insulin sensitivity measured during schedules 1, 2 and 3 did not achieve statistical significance, there was an obvious trend for greater insulin resistance to occur with schedules 3 using dexamethasone.

Suliman AM, Smith TP, Labib M, Fiad TM, McKenna TJ. The low-dose ACTH test does not provide a useful assessment of the hypothalamic-pituitary-adrenal axis in secondary adrenal insufficiency. Clin Endocrinol (Oxf). 2002 Apr;56(4):533-9.

Abstract OBJECTIVE: The 1 microg ACTH stimulation test has been introduced to improve the sensitivity of ACTH as a test of the integrity of hypothalamic-pituitary-adrenal axis (HPAA). This study aims to compare the sensitivity, specificity and diagnostic accuracy of the "low-dose" 1 microg ACTH (LDACTH) test and the "standard dose" 250 microg ACTH (SDACTH) test, with the overnight metyrapone test (OMT) which assesses the entire HPAA. DESIGN: A prospective evaluation of the performance of SDACTH and LDACTH screening tests in a diverse cohort of patients with possible adrenal insufficiency as routinely encountered in clinical practice using the OMT as the reference method. PATIENTS: A total of 51 patients (26 with asthma on inhaled glucocorticoid, nine with hypopituitarism, three with hypothyroidism, one with hyponatraemia, one with Crohn's disease, one with encephalitis and 10 with non-specific symptoms) each underwent SDACTH, LDACTH and OMT tests in random sequence at least 1 week apart. MEASUREMENTS: Blood was sampled for plasma cortisol levels at 0 and 30 min after intravenous administration of 1 microg and 250 microg of ACTH. Metyrapone 30 mg/kg body weight was taken orally at midnight, and plasma samples were taken for measurement of 11-deoxycortisol and cortisol next morning between 08.00 and 09.00 h. The OMT was deemed to be abnormal when both 11-deoxycortisol and cortisol levels were less than 200 nmol/l. RESULTS: The sensitivity and specificity at an empirical "normal" plasma cortisol threshold value of 500 nmol/l were 67% and 100% for the SDACTH test, and 73% and 81% for the LDACTH test, respectively. As the plasma cortisol cut-off value was increased to 550 nmol/l and 600 nmol/l, the sensitivity of the SDACTH test was 67% and 80% and specificity was 97% and 92%, respectively. The sensitivity of the LDACTH test increased from 93% at plasma cortisol cut-off value of 550 nmol/l to 100% at plasma cortisol cut-off value of 600 nmol/l. However, the specificity of the LDACTH test fell from 72% to 56% as the plasma cortisol cut-off value was increased from 550 nmol/l to 600 nmol/l. A receiver operating characteristic curve demonstrated that the specificity of the SDACTH test was higher than the specificity of the LDACTH test at any given level of sensitivity.CONCLUSIONS: Both the LDACTH and SDACTH tests fail to achieve acceptable levels of sensitivity and specificity to be useful as screening tests for secondary adrenal insufficiency. In this context the OMT can be safely used to assess the integrity of the entire HPAA. PMID: 11966747

Swords FM, Carroll PV, Kisalu J, Wood PJ, Taylor NF, Monson JP. The effects of growth hormone deficiency and replacement on glucocorticoid exposure in hypopituitary patients on cortisone acetate and hydrocortisone replacement. Clin Endocrinol (Oxf). 2003 Nov;59(5):613-20.

OBJECTIVE: 11 beta-hydroxysteroid dehydrogenase type 1 (11 beta HSD1) converts inactive cortisone to active cortisol. 11 beta HSD1 activity is increased in GH deficiency and inhibited by GH and IGF-I in acromegaly. However it is not known whether these changes in cortisol metabolism exert significant effects during hydrocortisone therapy, and the effect has not been studied in patients taking cortisone acetate. We have studied the effect of GH induced 11 beta HSD1 inhibition in hypopituitary adults with severe GH deficiency to determine whether this inhibition has a different magnitude of effect when patients are taking different forms of glucocorticoid replacement therapy. DESIGN, PATIENTS AND MEASUREMENTS: We have taken the ratio of 11-hydroxy/11-oxo cortisol metabolites (Fm/Em), an established measure of net 11 beta HSD activity to reflect the likely balance of cortisol to cortisone exposure in tissues expressing 11 beta HSD1, principally the liver and adipose tissue. We recruited 10 hypopituitary adults all on established glucocorticoid replacement therapy, but who were not receiving GH. Patients were treated with their standard hydrocortisone therapy for one week and an equivalent dose of cortisone acetate in its place for one week in random order. Serial serum cortisol assessments and urine steroid profiles were performed on each treatment. All patients were then established on GH therapy for at least three months before the two-week cycle was repeated. Fm/Em was also measured in a control population (20F, 20M). RESULTS: Prior to GH, the ratio Fm/Em was greater with hydrocortisone compared with cortisone acetate replacement (1.17 +/- 0.28 and 0.52 +/- 0.09 respectively, P < 0.001) or with normal subjects (normal males: 0.81 +/- 0.24, females 0.66 +/- 0.14). Following GH replacement Fm/Em fell in patients on hydrocortisone and cortisone acetate (Pre-GH: 0.84 +/- 0.40, Post-GH: 0.70 +/- 0.34, P < 0.05) confirming the inhibition of 11 beta HSD1 by GH/IGF-I. Conversely, the ratio of urinary free cortisol/cortisone did not change indicating unchanged 11 beta HSD2 activity. Mean circulating cortisol also fell in all subjects after GH. This effect was greater during cortisone acetate treatment (-18.7%, P < 0.0001), than during hydrocortisone replacement (-10.9%, P < 0.05). CONCLUSIONS: Our data suggest that tissue exposure to glucocorticoid is supra-physiological in hypopituitary patients with untreated GH deficiency taking hydrocortisone replacement therapy. This situation is ameliorated by GH replacement therapy. However, local and circulating cortisol concentrations are more vulnerable to the inhibitory effect of GH on 11 beta HSD1 in patients taking cortisone acetate, such that serum cortisol assessments should be made in patients taking cortisone acetate after GH therapy to ensure that glucocorticoid replacement remains adequate. PMID: 14616886

Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi K, Nishikawa Y. Gender-specific differences in salivary biomarker responses to acute psychological stress. Ann N Y Acad Sci. 2007 Mar;1098:510-5.

The stress response is regulated by two primary neuroendocrine systems, the hypothalamus-pituitary-adrenocortical (HPA) and sympathetic adrenomedullary (SAM) systems. This study investigated gender differences in the activities of these two systems in response to acute psychological stress. Subjects were categorized according to their score in Spielberger's Trait Anxiety Inventory (STAI), which assesses the predisposition to personal anxiety. High (STAI score >or=55)- and low (STAI score <or=45)-anxiety groups were selected. A video of corneal surgery was served as the stressor for 15 min. Salivary cortisol and amylase levels were used as indices of the HPA and SAM activities, respectively. beta-endorphin was also assayed as a possible index of HPA activity. There were no differences in the resting salivary parameters among the groups. As expected, cortisol and amylase levels were significantly increased in all groups after the stressful video viewing. There were no gender differences in amylase levels in either the high- or low-anxiety groups. However, cortisol levels in highly anxious females were significantly lower than those in highly anxious males. Our findings show that highly anxious females exhibited lower cortisol release than highly anxious males, suggesting that high trait anxiety in females may be associated with an inability to respond with sufficient activation of HPA under acute psychological stress.

Tauchmanovà L, Pivonello R, De Martino MC, Rusciano A, De Leo M, Ruosi C, Mainolfi C, Lombardi G, Salvatore M, Colao A. Effects of sex steroids on bone in women with subclinical or overt endogenous hypercortisolism. Eur J Endocrinol. 2007 Sep;157(3):359-66.

OBJECTIVE: Glucocorticoid-induced osteoporosis is the most frequent cause of secondary osteoporosis. Nevertheless, limited data are available on bone status in patients with endogenous cortisol excess. This study is aimed at investigating the role of sex steroids and severity of hypercortisolism on bone mineral density (BMD) and prevalence of vertebral fractures in female patients. DESIGN: Cross-sectional, case-control study. Patients: Seventy-one consecutive women were enrolled: 36 with overt hypercortisolism (26 with ACTH-secreting pituitary adenoma and 10 with cortisol-secreting adrenal tumor) and 35 with subclinical hypercortisolism due to adrenal incidentalomas. They were compared with 71 matched controls. METHODS: At diagnosis, we measured serum cortisol, FSH, LH, estradiol, testosterone, androstenedione and DHEAS, and urinary cortisol excretion. BMD was determined by dual energy X-ray absorptiometry at the lumbar spine and femoral neck. Vertebral fractures were investigated by a semiquantitative scoring method. RESULTS: Between women with overt and subclinical hypercortisolism BMD values and prevalence of any vertebral (69 vs 57%, P = 0.56), clinical (28 vs 11.4%, P = 0.22), and multiple vertebral fractures (36 vs 31%, P = 0.92) did not differ. Among patients with subclinical hypercortisolism, amenorrhoic women had a lower BMD (P = 0.035) and more frequent vertebral fractures (80 vs 40%; P = 0.043) when compared with the eumenorrhoic ones. Among women with overt hypercortisolism, there was no difference in lumbar BMD (P = 0.37) and prevalence of fractures (81 vs 60%; P = 0.26) between those amenorrhoic and eumenorrhoic. By logistic regression analysis, lumbar spine BMD values and cortisol-to-DHEAS ratio were the best predictors of vertebral fractures (P < 0.01). CONCLUSIONS: Vertebral fractures are very common in women with endogenous cortisol excess, regardless of its severity. The deleterious effects of hypercortisolism on the spine may be partly counterbalanced by DHEAS increase at any degree of cortisol excess, and by preserved menstrual cycles in women with subclinical but not in those with overt hypercortisolism.

Terzidis K, Panoutsopoulos A, Mantzou A, Tourli P, Papageorgiou G, Saltiki K, Mara C, Alevizaki M. Lower early morning plasma cortisol levels are associated with thyroid autoimmunity in the elderly. Eur J Endocrinol. 2010 Feb;162(2):307-13. 

OBJECTIVES: Thyroid autoimmunity decreases in the very old. We investigated whether glucocorticoid (GC) activity, which increases in old age, is involved in this process. SUBJECTS AND METHODS: A total of 321 ambulatory subjects (age 51-95 years, median 71, 207 female) were studied. Thyroid function tests, cortisol, glucose, insulin and biochemical parameters were measured. A modified overnight dexamethasone suppression test (0.25 mg) was performed as an index of GC sensitivity. RESULTS: Forty subjects had positive anti-thyroid peroxidase antibodies and 36 had positive anti-thyroglobulin antibodies, while 57 had either one or the other or both thyroid autoantibodies (ThAbs) positive. Mean basal cortisol levels were significantly lower in the ThAbs (+) groups (320+/-125 vs 378+/-128 nmol/l, P=0.002). Triiodothyronine, free thyroxine, post-dexamethasone cortisol levels, C-reactive protein, homeostasis model assessment-insulin-resistance-index and body mass index did not differ between these two groups. Mean age of ThAbs (+) subjects was lower compared to the ThAbs (-) group (67.38+/-7.38 vs 71.64+/-8.57 years, P=0.001). CONCLUSIONS: Reduced GC activity is associated with an increased prevalence of ThAbs positivity in older ambulatory subjects. Subjects without ThAbs in this population sample are relatively older. It is not known whether this is related to increasing GC activity with age. PMID: 19903802

Thaler LM, Blevins LS Jr. The low dose (1-microg) adrenocorticotropin stimulation test in the evaluation of patients with suspected central adrenal insufficiency. J Clin Endocrinol Metab. 1998 Aug;83(8):2726-9. 


Currently, the most popular test for adrenal insufficiency is the conventional rapid ACTH stimulation test (250 microg ACTH). This method is quick and safe, but incorporates a dose of ACTH that is supraphysiological and capable of transiently stimulating the adrenal cortex in many patients with documented central adrenal insufficiency. In recent years, several investigators have published substantial evidence for a more sensitive ACTH stimulation test using a lower dose of ACTH (1 microg). Further analysis of these data, including the calculation of likelihood ratios, demonstrates that the 1-microg test performs significantly better than the 250-microg test compared to the gold standard, insulin tolerance test. We suggest that the 1-microg ACTH stimulation test replace the conventional 250-microg test when evaluating for central adrenal insufficiency. A cortisol level below 500 nmol/L (18.1mcg/dl) after 30 min signifies impaired adrenocortical reserve. An insulin tolerance test should be performed if this low dose test results in a borderline value and the diagnosis is questioned. The 1-microg test should not be used if recent pituitary injury is suspected. Pharmaceutical companies should be encouraged to provide synthetic ACTH in 1-microg vials.

Toogood AA, Taylor NF, Shalet SM, Monson JP. Modulation of cortisol metabolism by low-dose growth hormone replacement in elderly hypopituitary patients. J Clin Endocrinol Metab. 2000 Apr;85(4):1727-30.


11 beta-hydroxysteroid dehydrogenase type 1 (11beta-HSD1) functions as a net reductase converting cortisone to cortisol. GH inhibits 11beta-HSD1, resulting in a shift in cortisol metabolism favoring cortisone, an observation that may have significance in patients with ACTH deficiency who are unable to compensate for such changes. We have studied the effect of three doses of GH replacement (0.17, 0.33, and 0.5 mg each given for 12 weeks in ascending order) on cortisol metabolism in nine patients, aged 62-70 yr, with hypopituitarism who were receiving fixed doses of oral hydrocortisone. Serum insulin-like growth factor I levels rose in a dose-dependent manner over the course of the study. Fat mass decreased significantly at 24 weeks (P = 0.02), a change that was maintained at 36 weeks. Fasting serum insulin levels did not change significantly over the course of the study. The ratio of urine cortisol to cortisone metabolites (Fm/Em) fell significantly at 12 weeks (GH dose, 0.17 mg/day) from 1.32 (0.91-2.20) at baseline to 1.08 (0.89-2.11) (P < 0.05). Although it did not fall further as the dose of GH was increased, the reduction in the Fm/Em ratio persisted at 24 weeks (GH dose, 0.33 mg/day), 1.09 (0.8-2.11) (P < 0.05 vs. baseline), and 36 weeks (GH dose, 0.5 mg/day), 1.19 (0.82-2.31) (P < 0.05 vs. baseline). The Fm/Em ratio did not correlate with serum insulin-like growth factor I, fat mass, or fasting insulin levels at any time during the study. This study confirms the inhibitory effect of GH on 11beta-HSD1 but has shown that the effect occurs maximally at very low GH doses and is not mediated indirectly by change in circulating insulin. Patients with partial or total ACTH deficiency, in whom cortisol replacement is suboptimal, may be at risk of the clinical manifestations of cortisol deficiency when they are commenced on GH therapy.
Tops M, van Peer JM, Wijers AA, Korf J. Acute cortisol administration reduces subjective fatigue in healthy women. Psychophysiology. 2006 Nov;43(6):653-6.

Treatment with cortisol has been found to decrease fatigue and increase feelings of vigor in both patients and healthy male subjects. We obtained self-reports of mood before 35 mg cortisol or placebo ingestion, 70 min later, and after the healthy female subjects performed cognitive tasks for 1 h in a double-blind within-subject study. Cortisol decreased fatigue, increased vigor, and tended to decrease tension. Effects on fatigue were largest after task performance, when fatigue had increased, suggesting that improvement of fatigue by cortisol is observed when subjects are fatigued. This is the first study to demonstrate improvements in fatigue in healthy female subjects; this is particularly relevant because of the high prevalence of hypocortisolemic fatigue syndromes in women and recent evidence that many psychiatric disorders may involve stress-induced hypocortisolemia that is responsive to cortisol replacement.
Torpy DJ, Bachmann AW, Gartside M, Grice JE, Harris JM, Clifton P, Easteal S, Jackson RV, Whitworth JA. Association between chronic fatigue syndrome and the corticosteroid-binding globulin gene ALA SER224 polymorphism. Endocr Res. 2004 Aug;30(3):417-29. 

Chronic fatigue syndrome (CFS) is characterized by idiopathic fatigue of greater than 6 months' duration with postexertional exacerbation and many other symptoms. A trend toward relative hypocortisolism is described in CFS. Twin and family studies indicate a substantial genetic etiologic component to CFS. Recently, severe corticosteroid-binding globulin (CBG) gene mutations have been associated with CFS in isolated kindreds. Human leukocyte elastase, an enzyme important in CBG catabolism at inflammatory sites, is reported to be elevated in CFS. We hypothesized that CBG gene polymorphisms may act as a genetic risk factor for CFS. A total of 248 patients with CFS defined by Centers for Disease Control criteria, and 248 controls were recruited. Sequencing and restriction enzyme testing of the CBG gene coding region allowed detection of severe CBG gene mutations and a common exon 3 polymorphism (c.825G-->T, Ala-Ser224). Plasma CBG levels were measured in 125 CFS patients and 198 controls by radioimmunoassay. Total and free (calculated and measured) cortisol levels were ascertained in single samples between 8-10 a.m. The age of onset (mid 30s) and gender ratio (2.2:1, female:male) of the patients were similar to those reported in U.S. epidemiologic studies. A trend toward a preponderance of serine224 homozygosity among the CFS patients was noted, compared with controls (chi2 = 5.31, P = 0.07). Immunoreactive-CBG (IR-CBG) levels were higher in Serine/Alanine (Ser/Ala) than Ala/Ala subjects and higher again in Ser/Ser subjects, this effect was strongest in controls; Ser/Ser: 46.1+/-1.8 (n = 31, P = 0.03) vs. Ser/Ala: 42.4+/-1.0 (n = 56, P = 0.05) vs. Ala/Ala: 40.8+/-1.7 microg/mL (n = 21). Despite higher CBG levels, there was a nonsignificant trend toward lower total and free plasma cortisol in serine allele positive patients, total cortisol: Ser/Ser: 13.3+/-1.4 (n = 34) vs. Ser/Ala: 14.0+/-0.7 (n = 66) vs. Ala/Ala: 15.4+/-1.0 (n = 23). Homozygosity for the serine allele of the CBG gene may predispose to CFS, perhaps due to an effect on hypothalamic-pituitary-adrenal axis function related to altered CBG-cortisol transport function or immune-cortisol interactions. (We can give cortisol supplementation to these patients, right?—HHL)

Tsuboi H, Inokuma S, Setoguchi K, Shuji S, Hagino N, Tanaka Y, Yoshida N, Hishima T, Kamisawa T. Inflammatory pseudotumors in multiple organs associated with elevated serum IgG4 level: recovery by only a small replacement dose of steroid. Intern Med. 2008;47(12):1139-42.

A 62-year-old man developed a fever, fatigue, anorexia and arthralgia. Central hypocorticoidism and central hypothyroidism were observed, and a low serum antidiuretic hormon level without symptoms of diabetes insipidus, as well. Images showed swelling of pituitary stalk, mediastinal and hilar lymphnodes and pancreas, pulmonary infiltrates and retroperitoneal mass. Serum CRP level was 20.6 mg/dL, and IgG4 level was 292 mg/dL. Lung biopsy revealed pseudotumor containing IgG4-positive plasmacytes, and obliterative vasculitis both in arterioles and venules. These features were similar to those of reported IgG4-related autoimmune disease. However, replacement steroid therapy for hypocorticoidism brought about almost complete recovery except that diabetes insipidus got apparent. This is the first report on the efficacy of only a small dose of steroid, and on features of pituitary stalk involvement and central hypocorcicoidism. PMID: 18552474

Tzioufas AG, Tsonis J, Moutsopoulos HM. Neuroendocrine dysfunction in Sjogren's syndrome. Neuroimmunomodulation. 2008;15(1):37-45. Epub 2008 Jul 29.

Interactions among the immune, nervous and endocrine systems, which are mediated by hormones, neuropeptides, neurotransmitters, cytokines and their receptors, appear to play an important role in modulating host susceptibility and resistance to inflammatory disease. The neuroendocrine system has two main components: the central and the peripheral. The central compartment is located in the locus ceruleus, the brainstem centers of the autonomic system and the paraventricular nucleus; the peripheral mainly consists of the sympathetic/adrenomedullary system, the hypothalamic-pituitary-adrenal axis (HPA), the hypothalamic-pituitary-gonadal (HPG) axis, and the neuroendocrine tissue located in several organs throughout the body. Hormones and neuropeptides may influence the activities of lymphoid organs and cells via endocrine and local autocrine/paracrine pathways or alter the function of different cell types in target organs. Recent studies highlighted alterations of the neuroendocrine system in systemic autoimmune diseases, including rheumatoid arthritis, systemic lupus erythematosus and Sjogren's syndrome (SS). SS, a prototype autoimmune disorder, has a wide clinical spectrum, extending from organ involvement (autoimmune exocrinopathy) to systemic disease and B cell lymphoma. In SS, several functions of the neuroendocrine system are impaired. First, the HPA axis appears to be disturbed, since significantly lower basal ACTH and cortisol levels were found in patients with SS and were associated with a blunted pituitary and adrenal response to ovine corticotropin-releasing factor compared to normal controls. Second, HPG axis is also involved, since lack of estrogens is associated with human disease and the development of autoimmune exocrinopathy in several experimental models. Finally, exocrine glands are enriched with neuroendocrine-related molecules, adjacent to local autoimmune lesions. Certain clinical manifestations of the disease, including the sicca manifestations, easy fatigue, fibromyalgia and psychological disturbances can be very well explained by mechanisms directly related to disturbances of the neuroendocrine axis. On the other hand, the molecular and biochemical effects of the inflammatory molecules or cell-to-cell interaction, observed during the local or systemic autoimmune injury with cells and mediators of the neuroendocrine system, are largely unexplored. PMID: 18667798

Udelsman R, Ramp J, Gallucci WT, Gordon A, Lipford E, Norton JA, Loriaux DL, Chrousos GP. Adaptation during surgical stress. A reevaluation of the role of glucocorticoids. J Clin Invest. 1986 Apr;77(4):1377-81.

Pharmacologic doses of glucocorticoids are administered to patients with adrenal insufficiency during operative procedures to prevent hemodynamic instability, cardiovascular collapse, and death. Since these supraphysiologic doses might not be necessary and might have adverse effects, we examined the effects of different doses of glucocorticoids on hemodynamic adaptation during surgical stress in adrenalectomized primates. Sham-adrenalectomized placebo-treated animals served as controls. Adrenalectomized monkeys were maintained for 4 mo on physiologic glucocorticoid and mineralocorticoid replacement. The adrenalectomized monkeys were then stratified into three groups receiving, respectively, subphysiological (one-tenth the normal cortisol production rate), physiological, or supraphysiological (10 times the normal cortisol production rate) cortisol (hydrocortisone) treatment. 4 d later a cholecystectomy was performed. The intraoperative hemodynamic and metabolic parameters, perioperative survival rates, and postoperative wound healing were compared. The subphysiologically treated group was hemodynamically unstable before, during, and after surgery and had a significantly higher mortality rate than control. In this group, arterial blood pressure was low, and the cardiac index, systemic vascular resistance index, and left ventricular stroke work index were all reduced, suggesting decreased cardiac contractility and blood vessel tone. In contrast, the physiologically replaced group was indistinguishable from either supraphysiologically treated animals or sham-operated controls. All groups had similar metabolic profiles and normal wound healing. These findings suggest that the permissive actions of physiologic glucocorticoid replacement are both necessary and sufficient for primates to tolerate surgical stress. Supraphysiological glucocorticoid treatment has no apparent advantage during this form of stress in the primate.

Ueda Y, Honda M, Tsuchiya M, Watanabe H, Izumi Y, Shiratsuchi T, Inoue T, Hatano M. Response of plasma ACTH and adrenocortical hormones to potassium loading in essential hypertension. Jpn Circ J. 1982 Apr;46(4):317-22.

The effect of potassium loading on plasma adrenocortical hormones concentrations in 9 patients with essential hypertension (EH) was investigated. The plasma renin activity (PRA), plasma concentrations of growth hormone (GH), ACTH, cortisol, deoxycorticosterone (DOC), 18-hydroxy-deoxycorticosterone (18-OH-DOC) and aldosterone, and serum electrolytes were measured before and after potassium chloride (KC1) infusion (0.33 mEq/kg/h, for one hour). The KC1 infusion caused significant increases in serum potassium levels and plasma levels of GH, ACTH, cortisol, DOC, 18-OH-DOC and aldosterone, while PRA remained unchanged. Regression analysis at 30 min revealed significant positive correlations between delta ACTH and delta cortisol, between delta ACTH and delta DOC, between delta ACTH and delta 18-OH-DOC. However, the relationship between delta ACTH and delta aldosterone was not statistically significant. These results suggest that (1) acute potassium loading causes a significant increase in the plasma ACTH level and increased levels of adrenocortical hormones may be produced by increased ACTH secretion, and (2) it may be considered that a part of the increased level of plasma aldosterone following acute potassium loading may arise from increased ACTH secretion in EH. PMID: 6283190

Valero MA, Leon M, Ruiz Valdepeñas MP, Larrodera L, Lopez MB, Papapietro K, Jara A, Hawkins F. Bone density and turnover in Addison's disease: effect of glucocorticoid treatment. Bone Miner. 1994 Jul;26(1):9-17.

Osteoporosis is a well-known side-effect of chronic treatment with glucocorticoids. We have studied vertebral bone mineral density (BMD) and biochemical markers of bone metabolism in 30 patients diagnosed of Addison's disease (AD) to determine the effect of long-term replacement treatment with hydrocortisone (30 mg/day) or prednisone (7.5 mg/day). Lumbar bone mineral density was measured with dual energy X-ray absorptiometry in L-1-4 in two occasions, separated by 12 months. BMD in premenopausal women and men with AD was similar to healthy controls and postmenopausal women had slightly lower results. Rate of change of bone density followed up over a period of 12 months was -0.82%. Bone loss was not influenced by duration or type of steroid treatment. Biochemical parameters, serum calcium, alkaline phosphatase, osteocalcin, procollagen type I, PTH and 25(OH)vitamin D were within normal limits. Our results show that in patients with AD, after replacement with low doses of glucocorticoids there is no significative trabecular bone loss neither modifications in bone formation markers.
Van Cauter E, Leproult R, Kupfer DJ. Effects of gender and age on the levels and circadian rhythmicity of plasma cortisol. J Clin Endocrinol Metab. 1996 Jul;81(7):2468-73.

Data from rodent studies indicate that cumulative stress exposure may accelerate senescence and offer a theory to explain differences in the rate of aging. Cumulative exposure to glucocorticoids causes hippocampal defects, resulting in an impairment of the ability to terminate glucocorticoid secretion at the end of stress and, therefore, in increased exposure to glucocorticoids which, in turn, further decreases the ability of the hypothalamo-pituitary-adrenal axis to recover from a challenge. However, the consensus emerging from reviews of human studies is that basal corticotropic function is unaffected by aging, suggesting that the negative interaction of stress and aging does not occur in man. In the present study, a total of 177 temporal profiles of plasma cortisol from 90 normal men and 87 women, aged 18-83 yr, were collected from 7 laboratories and reanalyzed. Twelve parameters quantifying mean levels, value and timing of morning maximum and nocturnal nadir, circadian rhythm amplitude, and start and end of quiescent period were calculated for each individual profile. In both men and women, mean cortisol levels increased by 20-50% between 20-80 yr of age. Premenopausal women had slightly lower mean levels than men in the same age range, primarily because of lower morning maxima. The level of the nocturnal nadir increased progressively with aging in both sexes. An age-related elevation in the morning acrophase occurred in women, but not in men. The diurnal rhythmicity of cortisol secretion was preserved in old age, but the relative amplitude was dampened, and the timing of the circadian elevation was advanced. We conclude that there are marked gender-specific effects of aging on the levels and diurnal variation of human adrenocorticotropic activity, consistent with the hypothesis of the "wear and tear" of lifelong exposure to stress. The alterations in circadian amplitude and phase could be involved in the etiology of sleep disorders in the elderly. PMID:    8675562

Vierhapper H, Nowotny P, Waldhäusl W.  Sex-specific differences in cortisol production rates in humans. Metabolism. 1998 Aug;47(8):974-6.


Production rates of cortisol were determined in healthy men (n = 7) and in healthy women during the follicular phase of their menstrual cycle (n = 7) using the stable-isotope dilution technique and analysis by gas chromatography/mass spectrometry (GC/MS). 1Alpha,2alpha-D-Cortisol was infused for 10 hours (116 +/- 6 microg/h; 8 AM to 6 PM). Blood samples obtained at 20-minute intervals during the last 4 hours (2 PM to 6 PM) were pooled and used for analysis. Estimated production rates of cortisol were 0.94 +/- 0.15 mg/h and 0.38 +/- 0.14 mg/h in healthy men and women, respectively. Even when corrected for body-surface area, production rates of cortisol in men (0.48 +/- 0.09 mg/m2 x h) were higher (P < .001) than in women (0.22 +/- 0.08 mg/m2 x h). An increased production rate of cortisol was seen in 12 patients with Cushing's syndrome, although in four of nine female patients, it was within the range considered normal for healthy men. It is concluded that women have a lower production of cortisol than men and that this sex-specific difference is of clinical relevance in patients with endogenous hypercortisolism.
von Langen J, Fritzemeier KH, Diekmann S, Hillisch A. Molecular basis of the interactity between the human glucocorticoid receptor and its endogenous steroid ligand cortisol. Chembiochem. 2005 Jun;6(6):1110-8.
   

We analyzed the binding of five steroids to the human glucocorticoid receptor (hGR) experimentally as well as theoretically. In vitro, we measured the binding affinity of aldosterone, cortisol, estradiol, progesterone, and testosterone to hGR in competition with the ligand dexamethasone. The binding affinity relative to the endogenous ligand cortisol (100%) is reduced for progesterone (22%) and aldosterone (20%) and is very weak for testosterone (1.5%) and estradiol (0.2%). In parallel, we constructed a homology model of the hGR ligand-binding domain (LBD) based on the crystal structure of the human progesterone receptor (hPR). After docking the five steroids into the hGR model ligand-binding pocket, we performed five separate 4-ns molecular dynamics (MD) simulations with these complexes in order to study the complex structures. We calculated the binding affinities with two different approaches (MM/PBSA, FlexX) and compared them with the values of the experimentally determined relative binding affinities. Both theoretical methods allowed discrimination between strongly and weakly binding ligands and recognition of cortisol as the endogenous ligand of the hGR in silico. Cortisol binds most strongly due to a nearly perfect steric and electrostatic complementarity with the hGR binding pocket. Chemically similar ligands such as estradiol, testosterone, and progesterone also fit into the hGR binding pocket, but they are unable to form all those contacts with the amino acids of the protein that are necessary to yield a stable, transcriptionally active receptor conformation. Our analysis thus explains the selectivity of the human glucocorticoid receptor for its endogenous ligand cortisol at a molecular level.

Watson S, Porter RJ, Young AH. Effect of hydrocortisone on the pituitary response to growth hormone releasing hormone. Psychopharmacology (Berl). 2000 Sep;152(1):40-6.

RATIONALE: In depression, the growth hormone (GH) response to clonidine and L-tryptophan (L-TRP) is reduced, suggesting reduced alpha2-adrenergic and serotonin (5-HT)1A receptor function. Pretreatment with hydrocortisone (100 mg, orally 11 h before) also blunts the GH response to L-TRP. This effect may be mediated at the hypothalamic level via reduced 5-HT1A receptor function or at the pituitary level, either by a direct effect on somatotrope cells or via enhanced insulin-like growth factor-1 (IGF-1) or somatostatin (SS) release. OBJECTIVES: To examine the effects of acute and chronic exposure to hydrocortisone on baseline and stimulated GH release from the pituitary. METHODS: Twelve healthy male volunteers received pretreatment with acute hydrocortisone (100 mg, 11 h before), chronic hydrocortisone (20 mg twice a day for 1 week) and placebo in a double blind, balanced order, crossover design. Serial measurements of plasma GH, IGF-1 and thyroid stimulating hormone (TSH) levels were made at baseline and following intravenous administration of 1 mcg/kg GHRH. RESULTS: The GH response to growth hormone releasing hormone (GHRH) was significantly blunted by pretreatment with both acute and chronic hydrocortisone. Baseline IGF-1 levels were significantly lower at baseline after chronic hydrocortisone compared with placebo. Baseline TSH levels were significantly lower after acute hydrocortisone compared with placebo, suggesting an increase in somatostatin levels. CONCLUSIONS: These data suggest that hydrocortisone acts at the pituitary level to reduce GH release. The TSH and IGF-1 data support the hypothesis that hydrocortisone reduces GH release by enhancing somatostatin and IGF-1 release. PMID: 11041314

Weber B, Lewicka S, Deuschle M, Colla M, Vecsei P, Heuser I. Increased diurnal plasma concentrations of cortisone in depressed patients. J Clin Endocrinol Metab. 2000 Mar;85(3):1133-6.

The enzyme 11-beta-hydroxysteroid dehydrogenase (11-beta-HSD) regulates glucocorticoid activity by converting cortisol into cortisone and vice versa. Frequent signs of major depression are elevated concentrations of circulating cortisol and ACTH. However, no information is available about the activity of 11-beta-HSD in this disorder. Therefore, we compared diurnal plasma concentrations of cortisol and cortisone and their ratios, reflecting 11-beta-HSD activity, in 25 severely depressed patients (Hamilton Depression Scale, 29 +/- 6; 14 men, 11 women, age 22-77 yr; mean, 47 +/- 16) and 30 control persons (20 men, 10 women age 23-85 yr; mean, 51 +/- 19). Cortisol and cortisone were measured at 0900 h, 1100 h, 1300 h, 2000 h, 2200 h, 0100 h, 0300 h, and 0700 h with specific RIAs after extraction. Both cortisol and cortisone concentrations were significantly increased in patients compared with controls (cortisol, 251.7 +/- 113.1 vs. 160 +/- 96.6 nmol/L; cortisone, 32.8 +/- 10.9 vs. 21.9 +/- 10.9 nmol/L). The calculated ratios of cortisol to cortisone were similar in controls and patients. Similar to cortisol, the circadian variation of cortisone was flattened in patients with the ratio of maximal cortisone to minimal cortisone being 1.9-fold higher in controls than in patients. There was no gender-specific difference in cortisone values neither in patients nor in controls. We conclude that in major depression increased cortisol is not due, at least partly, to an altered 11-beta-HSD activity or to a decrease in cortisone.

Weibel L, Follenius M, Spiegel K, Ehrhart J, Brandenberger G. Comparative effect of night and daytime sleep on the 24-hour cortisol secretory profile. Sleep. 1995 Sep;18(7):549-56.

To determine whether cortisol secretion interacts with daytime sleep in a similar manner to that reported for night sleep, 14 healthy young men were studied during two 24-hour cycles. During one cycle they slept during the night, during the other the sleep period was delayed by 8 hours. Secretory rates were calculated by a deconvolution procedure from plasma cortisol, measured at 10-minute intervals. The amount of cortisol secreted during night sleep was lower than during the corresponding period of sleep deprivation (12.7 +/- 1.1 vs. 16.3 +/- 1.6 mg; p < 0.05), but daytime sleep beginning at the habitual time of morning awakening failed to inhibit cortisol secretion significantly. There was no difference between the amount of cortisol secreted from 0700 to 1500 hours in sleeping subjects and in subjects who were awake during the same period of time (24.2 +/- 1.5 vs. 22.5 +/- 1.4 mg). Even if the comparison between sleeping and waking subjects was restricted to the period 0700-1100 hours or 0700-0900 hours, no significant difference was found. Neither secretory pulse amplitude nor frequency differed significantly in either period. However, detailed analysis of the secretory rates in day sleepers demonstrated a transient decrease in cortisol secretion at about the time of sleep onset, which began 10 minutes before and lasted 20 minutes after falling asleep. Spontaneous or provoked awakenings had a determining influence on the secretory profiles. Ten to 20 minutes after awakening from either night or day sleep cortisol secretion increased significantly.(ABSTRACT TRUNCATED AT 250 WORDS) PMID: 8552925

Weykamp CW, Penders TJ, Schmidt NA, Borburgh AJ, van de Calseyde JF, Wolthers BJ. Steroid profile for urine: reference values. Clin Chem. 1989 Dec;35(12):2281-4.

We describe a project, participated in by 24 institutions in The Netherlands and Belgium, to determine normal reference values for steroids in urine by capillary gas chromatography. Urine samples from 288 healthy volunteers were analyzed in triplicate. Reference values, expressed in mumol/24 h, were determined for androsterone, etiocholanolone, dehydroepiandrosterone, 11-keto-androsterone, 11-keto-etiocholanolone, 11-hydroxyandrosterone, 11-hydroxyetiocholanolone, pregnanediol, pregnanetriol, 11-desoxytetrahydrocortisol, tetrahydrocortisone, tetrahydrocortisol, allo-tetrahydrocortisol, and 17-keto- and 17-hydroxysteroids. We also determined reference ratios for etiocholanolone/androsterone, tetrahydrocortisone/tetrahydrocortisol, and tetrahydrocortisol/allo-tetrahydrocortisol; an upper limit of a discriminant function to establish polycystic ovarian disease; and reference values for 24-h urine volume and creatinine excretion. Reference values were determined separately for men and women, each in six age categories: 0-3 months, 4 months-12 years, 13-16 years, 17-50 years, 51-70 years, and older than 70 years. We conclude that these reference values are reliable and form a basis for quantitative interpretation of steroid profiles. (Tetrahydrocortisol, a metabolite of cortisol, declined by 40% after adolescence in women, but not in men—HHL)

Wichers M, Springer W, Bidlingmaier F, Klingmuller D. The influence of hydrocortisone substitution on the quality of life and parameters of bone metabolism in patients with secondary hypocortisolism. Clin Endocrinol (Oxf). 1999 Jun;50(6):759-65. 


OBJECTIVE: Hydrocortisone replacement regimes remain rather empirical and produce serum cortisol profiles very different from normal physiology. We have analysed the effects of different dosages of hydrocortisone (HC) replacement therapy on the health perception and general well-being of patients with secondary hypocortisolism. We also evaluated the effects of these regimens on bone metabolism. DESIGN: In a prospective randomized double-blind study, 3 groups of 3 patients were treated with 3 different dosages of HC (15, 20 and 30 mg/day), in different sequences, each sequence for two weeks. PATIENTS: Nine adult patients with complete secondary hypocortisolism. MEASUREMENTS: Serum cortisol, ACTH, aldosterone, renin, alkaline phosphatase, bone specific alkaline phosphatase, osteocalcin, PTH, C-telopeptides of type-I collagen, sodium, potassium, phosphate; urinary free cortisol, pyridinium cross-links, urine sodium, potassium and phosphate were measured at the beginning and after each week of the study. For quality of life assessment the patients completed three different questionnaires, the Basler Befindlichkeits-Skala (BBS), the Befindlichkeits-Skala (Bf-S), the Beschwerde-Liste (BL) each week. RESULTS: With increasing doses of 15, 20 and 30 mg hydrocortisone a significant increase of free urinary cortisol was achieved (298 +/- 26 nmol/day, 454 +/- 43, 819 +/- 59, respectively; P < 0.01). The mean scores of the psychological questionnaires did not change significantly during the whole study (BBS 81.8 +/- 3.9; 82.8 +/- 3.9, 83.6 +/- 3.9; Bf-S 15.9 +/- 3.4, 11.3 +/- 2.6, 12.5 +/- 2.8; BL 15.7 +/- 2.3, 14.4 +/- 2.5, 14.8 +/- 2.6, respectively). Osteocalcin decreased significantly (2. 3 +/- 0.49, 2.1 +/- 0.42, 1.8 +/- 0.38, P < 0.01) with increasing HC doses but remained within the normal range. The other investigated parameters were within or nearly within the normal range in all patients at the beginning and did not change during the study. CONCLUSION: Dosages of 15, 20 or 30 mg hydrocortisone/day have equivalent effects on quality of life in patients with secondary hypocortisolism. With 15 or 20 mg hydrocortisone/day the patients feel nearly as well and content as normal healthy individuals. Since long-term treatment with a high replacement dose of glucocorticoids (hydrocortisone 30 mg/day) induces bone loss, this risk can be avoided with a substitution dosage of 20 mg or even 15 mg hydrocortisone/day, without influencing the well-being of the patient.

Wiegratz I, Kutschera E, Lee JH, Moore C, Mellinger U, Winkler UH, Kuhl H. Effect of four different oral contraceptives on various sex hormones and serum-binding globulins.  Contraception. 2003 Jan;67(1):25-32. 


In a double-blind, controlled, randomized, four-arm, bicentric clinical study, the effect of four oral contraceptives (OCs) on various hormone parameters and serum-binding globulins was investigated. Four groups with 25 volunteers each (18-35 years of age) were treated for six cycles with monophasic combinations containing 21 tablets with either 30 microg ethinylestradiol (EE) + 2 mg dienogest (DNG) (30EE/DNG), 20 microg EE + 2 mg DNG (20EE/DNG), 10 microg EE + 2 mg estradiol valerate (EV) + 2 mg DNG (EE/EV/DNG) or 20 microg EE + 100 microg levonorgestrel (LNG) (EE/LNG). The study was completed by 91 subjects. Blood samples were taken after at least 12 h of fasting on Day 21-26 of the preceding control cycle and on Day 18-21 of the first, third and sixth treatment cycle. The serum concentrations of free testosterone were significantly decreased by about 40-60% in all four groups, while those of dehydroepiandrosterone sulfate (DHEAS) showed a time-dependent decrease during treatment. Except for EE/EV/DNG, which increased prolactin significantly during the third and sixth cycles, no change was observed with the EE-containing preparations. There was a significant increase in the levels of serum-binding globulins during treatment, which differed according to the composition of the OCs used. The rise in sex hormone-binding globulin (SHBG) was highest during intake of 30EE/DNG (+320%) and lowest with EE/LNG (+80%), while the effect of 20EE/DNG and EE/EV/DNG was similar (+270%). The thyroxine-binding globulin (TBG) levels increased significantly, by 50-60%, during treatment with the DNG-containing formulations, while the effect of EE/LNG was less significant (+30%). The rise in corticosteroid-binding globulin (CBG), which occurred in all groups, was most pronounced in women treated with 30EE/DNG (+90%) and least with EE/EV/DNG (+55%), indicating a strong influence of EE and no effect of the progestogen component. In all treatment groups, the frequency of intracyclic bleeding rose in the first treatment cycle and decreased thereafter. Cycle control was significantly better with 30EE/DNG or EE/LNG than with 20EE/DNG or EE/EV/DNG. There was no significant change in blood pressure, body mass index or pulse rate throughout the study. In conclusion, the DNG-containing OCs caused a higher rise in SHBG and TBG levels than the LNG-containing preparation. The effects on CBG suggest a lesser hepatic effect of 2 mg EV as compared to 20 or 30 microg EE. In contrast to EE, the use of estradiol in OCs appeared to increase prolactin release, while the cycle control was better with the OC containing 30 microg EE.

Yehuda R, Southwick SM, Nussbaum G, Wahby V, Giller EL Jr, Mason JW.  Low urinary cortisol excretion in patients with posttraumatic stress disorder. J Nerv Ment Dis. 1990 Jun;178(6):366-9. 

In the present study, we replicated and extended our previous findings of low urinary free-cortisol levels in PTSD. Cortisol was measured in 16 male patients (nine inpatients, seven outpatients) with posttraumatic stress disorder (PTSD) and in 16 nonpsychiatric control subjects. The mean cortisol level in the PTSD group was significantly lower, and the range narrower, than that observed in control subjects. Low cortisol in PTSD did not seem to be related to the presence or absence of major depressive disorder or to overall psychiatric symptomatology as assessed by the sum Brief Psychiatric Rating Scale score. In the outpatient group, there was a relationship between PTSD symptomatology and cortisol levels. The findings suggests a physiological adaptation of the hypothalamic-pituitary-adrenal axis to chronic stress.

Yehuda R, Harvey PD, Golier JA, Newmark RE, Bowie CR, Wohltmann JJ, Grossman RA, Schmeidler J, Hazlett EA, Buchsbaum MS. Changes in relative glucose metabolic rate following cortisol administration in aging veterans with posttraumatic stress disorder: an FDG-PET neuroimaging study. J Neuropsychiatry Clin Neurosci. 2009 Spring;21(2):132-43.

The authors aimed to examine central glucocorticoids effects by measuring relative glucose metabolic rate (rGMR) in the hippocampus, amygdala, and anterior cingulate cortex (ACC) and the relationship between amygdala and ACC activity. The participants were male combat veterans with and without PTSD, 52 to 81 years old. The authors utilized randomized, double-blind, placebo-controlled examinations of the rGMR response to 17.5 mg hydrocortisone (HCORT) using 2-Deoxy-2-[(18)F]fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) neuroimaging. Group differences in hemispheric laterality of rGMR were observed following placebo administration, reflecting lower rGMR in the right hippocampus and ventral amygdala, and higher rGMR in the left ventral amygdala in the PTSD+ group compared to the PTSD- group. HCORT reduced these group differences in laterality. The net effect of HCORT was to restore a normal inverse association between the ACC and amygdala in the PTSD+ group, but disrupt this neural network in the PTSD- group. The magnitude of improvement in working memory correlated with greater hemispheric laterality in the dorsal amygdala following HCORT in both groups. The restorative effects of HCORT on metabolism and working memory provide a rationale for examining the therapeutic benefits of glucocorticoid manipulation in aging PTSD patients. PMID: 19622684

Yehuda R, Seckl J. Minireview: Stress-related psychiatric disorders with low cortisol levels: a metabolic hypothesis. Endocrinology. 2011 Dec;152(12):4496-503. 

Several stress-associated neuropsychiatric disorders, notably posttraumatic stress disorder and chronic pain and fatigue syndromes, paradoxically exhibit somewhat low plasma levels of the stress hormone cortisol. The effects appear greatest in those initially traumatized in early life, implying a degree of developmental programming, perhaps of both lower cortisol and vulnerability to psychopathology. In these conditions, lowered cortisol is not due to any adrenal or pituitary insufficiency. Instead, two processes appear involved. First, there is increased target cell sensitivity to glucocorticoid action, notably negative feedback upon the hypothalamic-pituitary-adrenal (stress) axis. Altered density of the glucocorticoid receptor is inferred, squaring with much preclinical data showing early life challenges can permanently program glucocorticoid receptors in a tissue-specific manner. These effects involve epigenetic mechanisms. Second, early life trauma/starvation induces long-lasting lowering of glucocorticoid catabolism, specifically by 5α-reductase type 1 (predominantly a liver enzyme) and 11β-hydroxysteroid dehydrogenase type 2 (in kidney), an effect also seen in model systems. These changes reflect a plausible early-life adaptation to increase the persistence of active cortisol in liver (to maximize fuel output) and kidney (to increase salt retention) without elevation of circulating levels, thus avoiding their deleterious effects on brain and muscle. Modestly lowered circulating cortisol and increased vulnerability to stress-associated disorders may be the outcome. This notion implies a vulnerable early-life phenotype may be discernable and indicates potential therapy by modest glucocorticoid replacement. Indeed, early clinical trials with cortisol have shown a modicum of promise. PMID: 21971152

Yoshida-Hiroi M, Tsuchida Y, Yoshino G, Hiroi N. Intranasal administration of ACTH(1-24) stimulates catecholamine secretion. Horm Metab Res. 2005 Aug;37(8):489-93.

Previously, we reported that intranasal (IN) ACTH(1-24) administration stimulates adrenocortical steroid secretion in normal subjects. To determine the efficiency of transmucosal absorption of ACTH into the adrenal medulla, we measured serum cortisol, aldosterone, epinephrine, norepinephrine and dopamine levels after IN vs. intravenous (IV) administration of 250 microg ACTH(1-24) in 7 healthy adult men (mean age 21.7 +/- 1.2 yr; range, 21 - 24 yr). Blood was collected at 0, 30, 60 and 120 min after administration of ACTH(1-24), and the levels of adrenocortical steroids and catecholamines were measured by specific RIA and HPLC methods, respectively. There were no side effects associated with IN or IV ACTH administration. Consistent with the previous study, serum cortisol and aldosterone increased after IN administration of ACTH(1-24), peaking 30 min after administration. Sixty minutes after IN and IV administration of ACTH, epinephrine levels increased by 41.9 +/- 13.1 % and 63.3 +/- 11.8 %, respectively, and remained elevated throughout the sampling period. Thirty minutes after IN or IV administration of ACTH(1-24), plasma norepinephrine levels increased by 55.9 +/- 13.4 % and 73.7 +/- 15.0 %, respectively, peaking 30 min after ACTH(1-24) administration, and decreasing to basal levels within 60 min. Plasma dopamine levels did not change after IN administration of ACTH(1-24). Adrenocortical steroid and catecholamine levels did not increase after IN administration of saline. These results demonstrate that IN administration of ACTH(1-24) not only stimulates adrenocortical steroids, but also epinephrine and norepinephrine.

Young EA, Haskett RF, Grunhaus L, Pande A, Weinberg VM, Watson SJ, Akil H. Increased evening activation of the hypothalamic-pituitary-adrenal axis in depressed patients. Arch Gen Psychiatry. 1994 Sep;51(9):701-7. 


OBJECTIVE: To determine whether depressed patients demonstrate hypothalamic-pituitary-adrenal (HPA) axis activation during the late afternoon and evening, a time when the HPA axis is usually quiescent in normal subjects. METHODS: We administered metyrapone, an 11-beta-hydroxylase inhibitor of cortisol synthesis, to normal controls and depressed patients between 4 and 10 PM. Metyrapone blockade of cortisol secretion would amplify any HPA axis secretion. RESULTS: In 10 normal control subjects, administration of metyrapone lowered plasma cortisol levels to a mean of 36 nmol/L. No rebound corticotropin or beta-endorphin secretion was seen in these normal controls between 4 and 10 PM, supporting the existence of a period of minimal endogenous corticotropin releasing factor drive. Compared with a group of placebo-treated depressed patients (n = 10), metyrapone-treated depressed subjects (n = 17) had significantly decreased plasma cortisol concentrations. However, in contrast to normal controls treated with metyrapone, metyrapone-treated depressed patients demonstrated rebound corticotroph secretion, particularly between 7:30 and 10 PM (P = .036 for patients vs normal controls for beta-endorphin secretion from 4:30 to 10 PM). CONCLUSION: These data support the hypothesis of increased corticotropin releasing factor drive in the evening in depressed subjects and are in agreement with the longstanding observation of "early escape" from dexamethasone suppression between 4 and 11 PM in depressed patients.

Zarkovic M, Pavlovic M, Pokrajac-Simeunovic A, Ciric J, Beleslin B, Penezic Z, Ognjanovic S, Savic S, Poluga J, Trbojevic B, Drezgic M. [Disorder of adrenal gland function in chronic fatigue syndrome] Srp Arh Celok Lek. 2003 Sep-Oct;131(9-10):370-4. 


Chronic fatigue syndrome (CFS) is defined as constellation of the prolonged fatigue and several somatic symptoms, in the absence of organic or severe psychiatric disease. However, this is an operational definition and conclusive biomedical explanation remains elusive. Similarities between the signs and symptoms of CFS and adrenal insufficiency prompted the research of the hypothalamo-pituitary-adrenal axis (HPA) derangement in the pathogenesis of the CFS. Early studies showed mild glucocorticoid deficiency, probably of central origin that was compensated by enhanced adrenal sensitivity to ACTH. Further studies showed reduced ACTH response to vasopressin infusion. The response to CRH was either blunted or unchanged. Cortisol response to insulin induced hypoglycaemia was same as in the control subjects while ACTH response was reported to be same or enhanced. However, results of direct stimulation of the adrenal cortex using ACTH were conflicting. Cortisol and DHEA responses were found to be the same or reduced compared to control subjects. Scott et al found that maximal cortisol increment from baseline is significantly lower in CFS subjects. The same group also found small adrenal glands in some CFS subjects. These varied and inconsistent results could be explained by the heterogeneous study population due to multifactorial causes of the disease and by methodological differences. The aim of our study was to assess cortisol response to low dose (1 microgram) ACTH using previously validated methodology. We compared cortisol response in the CFS subjects with the response in control and in subjects with suppressed HPA axis due to prolonged corticosteroid use. Cortisol responses were analysed in three subject groups: control (C), secondary adrenal insufficiency (AI), and in CFS. The C group consisted of 39 subjects, AI group of 22, and CFS group of nine subjects. Subject data are presented in table 1. Low dose ACTH test was started at 0800 h with the i.v. injection of 1 microgram ACTH (Galenika, Belgrade, Serbia). Blood samples for cortisol determination were taken from the i.v. cannula at 0, 15, 30, and 60 min. Data are presented as mean +/- standard error (SE). Statistical analysis was done using ANOVA with the Games-Howell post-hoc test to determine group differences. ACTH dose per kg or per square meter of body surface was not different between the groups. Baseline cortisol was not different between the groups. However, cortisol concentrations after 15 and 30 minutes were significantly higher in the C group than in the AI group. Cortisol concentration in the CFS group was not significantly different from any other group (Graph 1). Cortisol increment at 15 and 30 minutes from basal value was significantly higher in C group than in other two groups. However, there was no significant difference in cortisol increment between the AI and CFS groups at any time of the test. On the contrary, maximal cortisol increment was not different between CFS and other two groups, although it was significantly higher in C group than in the AI group. Maximal cortisol response to the ACTH stimulation and area under the cortisol response curve was significantly larger in C group compared to AI group, but there was no difference between CFS and other two groups. Several previous studies assessed cortisol response to ACTH stimulation. Hudson and Cleare analysed cortisol response to 1 microgram ACTH in CFS and control subjects. They compared maximum cortisol attained during the test, maximum cortisol increment, and area under the cortisol response curve. There was no difference between the groups in any of the analysed parameters. However, authors commented that responses were generally low. On the contrary Scott et al found that cortisol increment at 30 min is significantly lower in the CFS than in the control group. Taking into account our data it seems that the differences found in previous studies papers are caused by the methodological differences. We have shown that cortisol increment at 15 and 30 min is significantly lower in CFS group than in C group. Nevertheless, maximum cortisol attained during the test, maximum cortisol increment, and area under the cortisol response curve were not different between the C and CFS groups. This is in agreement with our previous findings that cortisol increment at 15 minutes has the best diagnostic value of all parameters obtained during of low dose ACTH test. However, there was no difference between CFS and AI group in any of the parameters, although AI group had significantly lower cortisol concentrations at 15 and 30 minutes, maximal cortisol response, area under the cortisol curve, maximal cortisol increment, and maximal cortisol change velocity than C group. Consequently, reduced adrenal responsiveness to ACTH exists in CFS. In conclusion, we find that regarding the adrenal response to ACTH stimulation CFS subjects present heterogeneous group. In some subjects cortisol response is preserved, while in the others it is similar to one found in secondary adrenal insufficiency. (Results are significant because 1mcg Cortrosyn is a supraphysiological dose.  0.06mcg is enough to stimulate cortisol production in normals.—HHL)

Zarkovic M, Stefanova E, Ciric J, Penezic Z, Kostic V, Sumarac-Dumanovic M, Macut D, Ivovic MS, Gligorovic PV. Prolonged psychological stress suppresses cortisol secretion. Clin Endocrinol (Oxf). 2003 Dec;59(6):811-6. 


OBJECTIVE: Response to acute psychological stress is characterized by activation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system. However, response to the prolonged psychological stress is less well known. DESIGN: This study was designed as a prospective assessment of cortisol secretion during prolonged psychological stress induced by continuous air raids and after elimination of the stress-inducing factor. SUBJECTS: The study group consisted of five healthy subjects (34-39 years). MEASUREMENTS: Psychological and endocrine (morning cortisol and 1 microg ACTH test) testing was done 2 months after the war had begun and 18 months after the end of it. Psychiatric assessment was done at the same periods, and 30 months after the start of the study. RESULTS: After 2.5 years of follow-up, there were no signs of endocrine or psychiatric disorders in any of the subjects. After the war, Beck Inventory of Depression and Hamilton Anxiety Rating Scale scores were significantly reduced. Suppression of the HPA axis was present during the war but not after. CONCLUSIONS: Prolonged psychological stress is associated with a transient suppression of the HPA axis, manifested by low morning cortisol and reduced cortisol response to ACTH. The reduction of cortisol response is sufficient to cause false diagnosis of HPA insufficiency.

Zietz B, Hrach S, Schölmerich J, Straub RH. Differential age-related changes of hypothalamus - pituitary - adrenal axis hormones in healthy women and men - role of interleukin 6. Exp Clin Endocrinol Diabetes. 2001;109(2):93-101.

Aging is accompanied by marked changes of steroid hormone levels which vary among women and men. The age-related increase of cytokines such as interleukin (IL)- 6 may modulate the endocrine system. We aimed to investigate the role of IL-6 for the gender-specific changes of acrophase steroid hormone secretion in healthy subjects during aging. Out of 120 healthy subjects, 60 men and 48 women (non luteal phase) were recruited (age: 18 to 75 years). Age was positively correlated with IL-6 (female and male: p<0.001) and adrenocorticotropic hormone (ACTH) in women only (p<0.001). Age was negatively correlated with progesterone (female and male: p<0.001), cortisol (only female: p=0.003), androstenedione (female and male: p<0.001), but not 17OH progesterone. After correction for IL-6, the age-related decrease of steroid hormones was blunted in both gender groups except for androstenedione (female and male: p<0.005). Furthermore, the ratio of serum cortisol to plasma ACTH decreased with age only in women but not in men (female: p< 0.001). Correction for IL-6 did not markedly change the negative interrelationship between age and the mentioned ratio in these women. However, a linear regression analysis revealed that the increase of ACTH in relation to cortisol depends on serum free testosterone in men (p=0.042) and on serum free 17 beta-estradiol (p<0.001) together with serum IL-6 in women (p=0.021). In conclusion, IL-6 plays an important role for acrophase pituitary and peripheral hormone secretion in women only. The gender-specific changes of cortisol in relation to ACTH depend on the age-related decrease of the respective sex hormone in both gender groups and the increase of IL-6 in women. This study underlines the hormone-like role of IL-6 in the aging process of the endocrine system in women. (DHEA supplementation reduces IL-6 levels—HHL)

Zorrilla EP, DeRubeis RJ, Redei E. High self-esteem, hardiness and affective stability are associated with higher basal pituitary-adrenal hormone levels. Psychoneuroendocrinology. 1995;20(6):591-601.

Whereas much is known about the function of the hypothalamic-pituitary-adrenal (HPA) axis during environmental stress and in psychiatric disorders, little is known about the relation of individual differences in basal HPA-functioning to individual differences in healthy psychological functioning. In the present study, we recruited 37 healthy young men and examined the relations of hardiness, self-esteem and hypomanic personality--dispositions that moderate the effects of psychosocial stress on depressive reactions and health--to circulating levels of cortisol and beta-endorphin at rest. High self-esteem, hardiness and affective stability were associated with higher plasma cortisol levels and less psychological distress. Additionally, affective stability was associated with higher levels of beta-endorphin. The present findings suggest that individual differences in basal HPA-function are associated with individual differences in psychological functioning following stress.
Zimmerman JJ, Donaldson A, Barker RM, Meert KL, Harrison R, Carcillo JA, Anand KJ, Newth CJ, Berger J, Willson DF, Jack R, Nicholson C, Dean JM; Real-time free cortisol quantification among critically ill children. Pediatr Crit Care Med. 2011 Sep;12(5):525-31.

OBJECTIVES: Ascertainment of adrenal function assessing free rather that total cortisol may be beneficial for the diagnosis of critical illness-related cortisol insufficiency. We hypothesized that centrifugal ultrafiltration would provide timely free cortisol data that highly correlated with the gold standard, but logistically cumbersome, equilibrium dialysis technique when the free cortisol fractions were identically quantified by chemiluminescence immunoassay. We also hypothesized that free cortisol would correlate with illness severity in a large cohort of critically ill children. DESIGN: Prospective, multi-institutional, observational cohort investigation. SETTING: Seven pediatric intensive care units within the Eunice Kennedy Shriver National Institute of Child Health and Human Development Collaborative Pediatric Critical Care Research Network. PATIENTS: One hundred sixty-five critically ill children across the spectrum of illness severity. INTERVENTIONS: Blood sampling. MEASUREMENTS AND MAIN RESULTS: Time to derive plasma free cortisol concentrations after centrifugal ultrafiltration or equilibrium dialysis fractionation with chemiluminescence immunoassay was approximately 2 vs. approximately 24 hrs, respectively. Using centrifugal ultrafiltration, mean plasma free cortisol was 4.1 ± 6.7 μg/dL (median, 1.6 μg/dL; range, 0.2-43.6 μg/L), representing an average of 15.2 ± 9.4% of total cortisol. Nearly 60% of subjects exhibited free cortisol <2 and 30% <0.8 μg/dL, previously suggested threshold concentrations for defining critical illness-related cortisol insufficiency. Plasma-free cortisol concentrations comparing centrifugal ultrafiltration vs. equilibrium dialysis fractionation demonstrated a strong correlation (R2 = 0.97). For free cortisol <2 μg/dL, Bland-Altman analysis revealed minimal negative bias for the centrifugal ultrafiltration technique. Illness severity assessed by Pediatric Risk of Mortality III correlated moderately with free cortisol and percent total cortisol as free cortisol. CONCLUSIONS: Determination of centrifugal ultrafiltration fractionated free cortisol was fast and results correlated highly with equilibrium dialysis fractionated free cortisol. Many children exhibited free cortisol <2 and <0.8 μg/dL but did not demonstrate clinical evidence of critical illness-related cortisol insufficiency. This study ascertains that real-time free cortisol quantification is feasible to potentially help guide clinical decision-making for cortisol replacement therapy in the pediatric intensive care unit. PMID: 21057361
