
Adrenal Insufficiency
Subtypes: 

Primary Adrenal Insufficiency:  associated with primary inability of the adrenal to elaborate sufficient quantities of hormone 

Secondary Adrenal Insufficiency:  associated with a secondary failure due to inadequate ACTH formation or release.
pathophysiology (See ALSO Attachment A: Flow Diagram)

Primary Adrenal Insufficiency

· Anatomical destruction of gland due to:  Idiopathic/autoimmune atrophy (most frequent cause); Tuberculosis; Fungal Infection; Diseases infiltrating the gland; Hemorrhage; Metabolic failure

· Metabolic failure due to:  insufficient hormone production, congenital adrenal hyperplasia, enzyme inhibitors (metyrapone), cytotoxic agents (mitotane)

· Other endocrine disorders:  polyglandular autoimmune disorders, such as Schmidt syndrome, Hypoparathyroidism, Mucocutaneous candidiasis; Hypothyroidism

Secondary Adrenal Insufficiency

· Hypothalamic-Pituitary Disease

(
Suppression of Hypothalamic- Pituitary Axis by Exogenous steroids or Pituitary Gland Tumor 

Inborn Causes
· Anemia or iron deficiency  (mother) ( hypoxia (fetus) ( ( serum epinephrine ( (CRH (mother) ( ( cortisol (mother/fetus) ( ( fetal DHEA/Cortisol 

· Gene mutation ( amino acid and protein truncation ( adrenoleukodystrophy

· Deletion of glycerol kinase gene or Duchenne muscular dystrophy gene ( Xp21 contiguous gene syndrome ( congenital adrenal hypoplasia

· DAX mutations ( ( organogenesis of adrenal cortex ( congenital adrenal hypoplasia

· Alpha –1- hydroxylase deficiency (x-linked, autosomal recessive) ( congenital adrenal hyperplasia 

· Review: Relevant aspects of congenital adrenal hyperplasia due to 21-hydroxylase deficiency (CAH-21) were reviewed to understand benefits and risks of prenatal intervention. Infants suspected of having CAH-21 underwent molecular genetic techniques to confirm diagnosis and treatments began immediately. Benefits were found in the amelioration of potentially ambiguous female genitalia. Speiser PW, Prenatal treatment of congenital adrenal hyperplasia. J Urol 1999 Aug;162(2):534-6.

· Mutation of Pre-Pro-opiomelanocortin (POMC) ( mutation of leptin/leptin receptors

· Prolonged of difficult delivery with trauma and/or hypoxia or Septicemia ( adrenal hemorrhages

· Corticosteroid therapy by mother ( Dexamethasone ( congenital adrenal hyperplasia of mother

· Substitution in alleles of maternal/paternal genes ( defect ACTH receptor gene

· Mutations to Cytochrome P450 enzyme during meiosis

· Observational study: 1 female child with heterozygous mutation in P450scc was found to possess the mutation as a result of an in-frame insertion during meiosis. A transfection of a wild type caused a haploinsufficiency in P450scc. This allowed the child to live to age 4 before signs of late onset congenital lipoid adrenal hyperplasia occurred. Tajima T, et al., Heterozygous mutation in the cholesterol side chain cleavage enzyme(p450scc) gene in a patient with 46,XY sex reversal and adrenal insufficiency, J Clin Endocrinol Metab 2001 Aug;86(8):3820-5.

Hygienic and Lifestyle Causes

Exercise:

· Long duration physical exercise ( ( secretion of catecholamines ( ( glucose and fatty acids ( stimulation of anterior pituitary and adrenal cortex ( ( secretion of secondary hormones ( ( fuel mobilization and regulation of water and electrolyte balance ( pituitary and adrenal insufficiency ( ( nutrient and ion concentrations in blood

· Increased secretion of cortisol by marathon runners and soccer players ( ( pantothenic acid in blood during exercise ( below average levels 

Nutrition:

· Pantothenic acid deficiency ( adrenal atrophy

· Long-term stress (  deficiencies of Vitamin C, B6, B5, Zinc, and Magnesium (  adrenal shrinkage and atrophy

· Decreased intake of food ( ( cortisol release ( deficiency of precursors ( adrenal hypofunction

Light:

· Lack of light ( ( melatonin ( ( ACTH ( ( cortisol secretion

Psychosocial:

· Stressors ( lack of adequate coping mechanism ( prolonged secretion of cortisol ( adrenal exhaustion

Sleep:

· Sleep deprivation ( ( slow wave sleep ( ((( cortisol secretion the following day

· ( wake time ( ( cortisol secretion ( chronic adrenal hypofunction

· Chronic insomnia ( ( ACTH and cortisol ( chronic activation of HPA axis ( adrenal hypofunction

Toxic and Harmful Substances:

Noise Exposure:

· Exposure to low, mid or high frequency noise at 93dB for 1 hour raised plasma and urinary hydroxycorticosteroids an average of 53% in normal young men.

· Patients with anxiety neurosis showed large (mean 77%) rise in plasma and urinary hydroxycorticosteroids after exposure to noise (low, mid or high frequency noise at 93dB for 1 hour)

Chemical Exposure:

· Exposure to wood preservatives containing pentachlorophenol was detected in 65 women presenting for gynecological problems.  Compared to controls, signification associations were found between serum PCP concentrations, age and different parameters of the endocrine system including the HPA axis.  PCP may act centrally on a hypothalamic or suprahypothalamic level with may result in mild ovarian and adrenal insufficiency.

· Male workers chronically exposed to trichloroethylene had significant increases in serum DHEA-S.

· Carbon monoxide exposure causes and increase in ACTH resulting in appropriately elevated cortisol and aldosterone.

· In-vitro and animal studies have demonstrated the effects of heavy metals on the viability corticosterone secretion. 
Water Pollution:

· Although prolonged drinking of acid water failed to cause stress-induced neuroendocrine changes in rats, indirect adverse effects on human health may ensue from inadvertent consumption of elements in water leached from soil and rocks, a matter of concern after long-term exposure to acid rain.

Unadulterated Food:

· Endotoxin may stimulates an increase in IL-6.
  IL-6 works at the level of the hypothalamus to stimulate CRH release, at the pituitary where it induces ACTH release and at the level of the adrenal gland, IL-6 can directly stimulate adrenal corticosterone.
  In turn, glucocorticoids upregulate IL-6 receptors on human epithelial cells.

· Comparison of thirteen female patients with anorexia nervosa and thirteen healthy women of approximately the same age revealed that mean serum cortisol was significantly higher in anorexia nervosa patients than in controls.  However, mean plasma ACTH did not differ between the two groups.  Finally, a trend towards a positive correlation between unstimulated TNF-( and cortisol and between IL-1( and ACTH was found in the anorexia nervosa group.  Controls demonstrated an opposite trend suggesting blunted cortisol activity in anorexia nervosa patients.   A variety of abnormalities in the HPA axis have previously been reported in anorexia nervosa patients.
  Both IL-1 and TNF have been shown to increase expression of mRNA for CRH and induce release of CRH from the hypothalamus.
  

Loving and Being Loved

· In an uncontrolled study, positive interaction between humans and dogs resulted in a decrease in cortisol in both humans (significant) and dogs (nonsignificant).

Control:

· In one objective study investigating the effects of controllability of a task and mental effort required by a that task on a variety of physiological parameters, uncontrollability lead to higher cortisol.

Aging:

· Older people, women moreso than men, tend toward delayed and blunted ACTH response to cortisol suggesting a reduced responsiveness to glucocorticoid feedback inhibition with aging.  This finding suggests that there is a pituitary/feedback component to adrenal fatigue. Wilkinson C, Peskind E, Raskind M.  Decreased Hypothalamic-Pituitary-Adrenal Axis Sensitivity to Cortisol Feedback Inhibition in Human Aging.  Neuroendocrinology 1997; 65: 79-90.

PHYSICAL EXAM (See also ATTACHMENT B: Physical Exam Findings in Adrenal Insufficiency)

General: Blood pressure, temperature, weight

Essential: Blood pressure, skin, nails, weight

Additional: Mouth, vagina, eyes
Other systems: Cardiac, Respiratory, Abdominal

LAB TESTS (See also ATTACHMENT C: Laboratory Testing for Adrenal Insufficiency)

General: CBC, Comprehensive Metabolic Panel

Essential:  ACTH levels, Cosyntropin test, Metyrapone test, CRH administration

Additional: DHEA-S, Cortisol, Cortisol circadian rhythm

Specific Dysfunction: see attached pages for multiple lab tests for specific etiologies

DIFFERENTIAL DIAGNOSIS

Symptom
Attributes
Differential Diagnosis
Attributes

weakness
better w/ rest
Neuropsychiatric  cause
often worse after rest



Myopathies
distribution; lack of pigmentation; labs



Hypoglycemia
timing of attacks; labs showing normal adrenal function (pts w/ adrenal insufficiency develop hypoglycemia after fasting because of their decreased ability for gluconeogenesis.

( serum sodium
hyperpigmentation, hyperkalemia ,(BUN
cardiac disease
not likely to show hyperpigmentation, hyperkalemia and (BUN





liver disease




ADH syndrome




salt-losing nephritis (rare)


Hyperpigmentation

bronchogenic carcinoma
Should be considered and differentiated by appropriate labs.





heavy metal toxicity




Hemochromatosis




Peutz-Jeghers syndrome
characteristic buccal and rectal mucosa pigmentation; polyposis of the small intestine

· Gastroenteritis

· Hypercalcemia

· Hyperkalemia

· Hypoglycemia

· Hyponatremia

· Hypopituitarism

· Hypothyroidism

· Metabolic Acidosis

· Anorexia Nervosa

· Polyglandular Autoimmune Disorder

Treatment 

General Measures

Determinants of Health

· Dietary erucic acid therapy for X-linked adrenoleukodystrophy.

· Light Therapy: Daytime high intensity wide spectrum light followed by a nighttime period of darkness is a cue that is essential to setting the normal circadian rhythms. Light therapy can be used to normalize melatonin levels, which when normalized to be low in the daytime and higher at night, will stop the daytime inhibition of ACTH and cortisol. (Powell)

· Exposure to nature. Marz states that in order to support adrenal function, patients should have some exposure to the natural environment (trees, water, mountains, negative ions, etc.) but gives no citations or specifics.

· Magnesium. Deficiency of mg increases cortisol output in times of stress.  Cortisol in turn increases the urinary excretion of magnesium.  Pizzorno, J.  Total Wellness, 1996 p 239.

· Zinc. Necessary nutrient for the synthesis of adrenal hormones.  Pizzorno, J. Encyclopedia of Natural Medicine, 1991 p 97.

· Exercise

· Alternating RPM’s during a cycling workout may reduce physiological and psychophysiological stress.  Cycling at 80 RPM vs. 40 RPM resulted in lower blood cortisol levels and reduced HR after 30 minute workout at 50% peak oxygen uptake due to more pronounced muscle activation pattern at 40 RPM’s. (Deschenes, M.R., Kraemer, W.J., McCoy, R.W., Volek, J.S., Turner, B.M., and Weinlein, J.C.  Muscle Recruitment Patterns Regulate Physiological Responses During Exercise of the Same Intensity.  American Journal Physiological Regul Integr Comp Physiol 2000 Dec; 279 (6): R2229-36.

· Consuming carbohydrates during exercise attenuates rise in stress hormones, such as cortisol in Olympic athletes. Therefore, eating carbohydrates may help performance and recovery after exhaustive exercise.(Gleeson M. and Bishop, N.C. Special Feature for the Olympics: Effects of Exercise on the Immune System: Modification of Immune Response to Exercise by Carbohydrate, Glutamine and Ant-oxidant Supplements. Immunology and Cell Biology. Oct. 2000;78(5):554-61.)

· Significant reduction in serum cortisol and adrenaline compared to control group after prolonged exercise after supplementing with 1500 mg Vitamin C per day. (Peters, E.M., Anderson, R., Nieman, D.C., Fickl H., Jogessar V. Vitamin C Supplementation Attenuates the Increase in Circulating Cortisol, Adrenaline and Anti-inflammatory Polypeptides Following Ultramarathon Running. International Journal of Sports Medicine. Oct, 2000; 22(7):537-43.

· No beneficial effect on metabolic and endocrine response after exhaustive running from taking Zinc (25 mg) and Vitamin E (400 IU).  (Singh, A, Papanicolaou, D.A., Lawrence, L.L., Howell, E.A., Chrousos G.P., and Deuster, P.A. Neuroendocrine Responses to Running in Women After Zinc and Vitamin E Supplementation.  Medical Science and Sports Exercise. April, 1999; 31(4):536-42).

· Standardized extracts of Schisandra chinensis and Bryonia Alba (adaptogens) increase physical performance in athletes versus athletes taking placebo in controlled double blind study. (Panossian, A.G., Oganession, A.S., Ambartsumian, M., Gabrielian, E.S., Wagner, H. and Wikman, G. Effects of Heavy Physical Exercise and Adaptogens on Nitric Oxide Content in Human Saliva. Phytomedicine. March 1999;6(1):17-26).  

· A study of 13 healthy post-menopausal women demonstrated that a sustained activation of the HPA axis during strenuous exercise may coincide with an adrenal insufficiency.  Results are preliminary. (van der Pompe, G., Bernards, N., Meijamn, T.F., and Heijnen, C.J. The Effect of Depressive Symptomatology on Plasma Cortisol Responses to Acute Bicycle Exercise Among Post-Menopausal Women. Psychiatry Research. Jan. 18, 1999;85(1):113-7.

· Endurance training and overtraining caused adrenal exhaustion in women as indicated by depressed sympathoadrenal and adrenocortical activity after an increase in intensity of training. (Uusitalo, A.L., Huttunen, P., Hanin, Y., Uusitalo, A.J., Rusko, H.K. Hormonal Responses to Endurance Training and Overtraining in Female Athletes. Clinical Journal of Sports Medicine. July, 1998;8(3):178-86.
Stimulate the Vis Medicatrix Naturae

· Homeopathy: choose remedy that fits case. Note that symptoms and signs of hypoadrenocorticism given in Figure 50 of Dr. Powell’s notes have high correlation with Vermeulen’s synopsis of Natrum muriaticum 
,
 

Correct Structural Integrity

· Adjust 9th thoracic vertebrae (historical)

· Rectal dilation (historical)15
· Magnesia sulfate baths  (historical) 15
Tonify Systems

· Pantothenic acid: 

· Pantothenic acid as coenzyme A is necessary for the synthesis of adrenal hormones and has been used at 250 mg bid for the treatment of adrenal dysfunction.  Murray, MT.  Encyclopedia of Nutritional Supplements, 1996, p 117

· Hypoadrenalism has been treated with pantothenic acid at a dose of 100-1000mg bid-tid empirically by some doctors based on animal studies.  Gaby, AR, Nutritional Therapy in Medical Practice, 2001 p 11.

· Tyrosine . 

· Is a precursor to norepinephrine and epinephrine.  May be supplemented in times of acute stress at 150mg/kg of body weight per day.  Given in divided doses at least 90 minutes apart.  For short term use only.  Gaby, AR.  Nutritional Therapy in Medical Practice, 2001 p 55.

· Boerhaavia diffusa

· In animal studies, the alkaloid fraction of the root had a dramatic effect in buffering the elevation of plasma cortisol levels which typically occur under stressful conditions, and prevented the subsequent drop in immune system performance. Exhibiting true adaptogenic activity, these plant alkaloids also reversed the depletion of adrenal cortisol associated with adrenal exhaustion.

· Borago officinalis

· Borage acts as a restorative to the adrenal cortex.  This is most likely due to its ability to prolong the action of corticosterone via a undetermined mechanism.  This adrenal restorative effect contributes to its anti-inflammatory action.

· Bupleurum falcatum

· Bupleurum has a variety of anti-inflammatory effects. The saikosaponins enhances the activity of corticosterone  by inducing liver enzymes involved in the activation of corticosterone (A and B ) and by stimulating adrenocortical function (stimulating ACTH- C and E). 
, 
  Both of these effects lead to an overall anti-inflammatory action. Chronic infections and inflammatory diseases are indications for B. falcatum because of its anti-inflammatory, adrenocortical-sparing, hepatoprotective and immunostimulatory actions.  Naturopathically speaking, persons with chronic disease who have some stage of adrenal exhaustion and hepatic insufficiency are likely to benefit from Bupleurum falcatum.
· Eleutherococcus senticosus

· Animal studies have shown Eleutherococcus to decrease adrenal hypertrophy, corticosteroid production and hyperglycemia. Also in animals, Eleutherococcus reduces the extent of the alarm reaction and prevents or delays the harmful exhaustive phase of the stress response.
 It is best to dose Eleutherococcus in the morning and around noon to match the diurnal rhythms of the adrenal gland.

· Ephedra sinensis

· Dr. Murray has suggested Ephedra for long term use with Glycyrrhiza glabra, Panax ginseng, vit. C, B6, B5, Mg, Zn to support adrenals.  However, he has also noted diminishing effect with chronic use in hayfever caused by adrenal fatigue due to ephedrine.  The discrepancy may be related to small doses for adrenal tonification and larger doses for the treatment of hayfever.

· Glycyrrhiza glabra

· Glycyrrhizin is anti-inflammatory and inhibits the breakdown of the cortisol produced by the body (inhibits 5(-reductase and 11(-hydroxysteroid dehydrogenase).

· Grifola frondosa, Lentinus edodes, Ganoderma spp.

· The overall indications for these potent immunostimulatory mushrooms include many conditions with altered immune and adrenal (endocrine) function.  These include:  chronic fatigue immunodeficiency syndrome, HIV infection and AIDS, cancer, Lyme disease, hypertension, high cholesterol, hyperglycemia and diabetes.

· Matricaria recutita

· Azulene is a strong anti-inflammatory constituent.  The mechanism for the anti-inflammatory effects of azulenes are unclear.  They appear to be due in part to activation of the pituitary-adrenal axis, which causes release of cortisone, which in turn prevents the release of histamine from cells.

· Panax ginseng

· The –diol genosides are most active on the hypothalamic-pituitary-adrenal axis.  These genosides stimulate the anterior pituitary to release ACTH in a non-stressed state thereby increasing overall alertness and well-being.
 The protopanaxadiols are more sedating, working on the HPA axis sparing cortisol and affecting the nervous system through secondary mechanisms of countering neurotransmitter depletion.

· Ginseng improves the efficiency of the feedback control from the adrenal cortex to the hypothalamus and pituitary.  This allows for quicker glucocorticoid output in times of stress and a faster drop after stress.  Ginseng normalizes blood sugar in both hyperglycemic and hypoglycemic states.
  Ginseng is anti-diuretic either by acting on the posterior pituitary or by increasing mineral corticoid synthesis.
  

· Rhodiola rosea

· When Rhodiola rosea-treated rats were subjected to a 4-hour period of non-specific stress, the expected elevation in beta-endorphin was either not observed or substantially decreased. Consequently, the characteristic perturbations of the HPA were decreased or totally prevented. In these rats administration of Rhodiola rosea appears to have generated non-specific resistance and prepared the rats to respond more appropriately to the eventual stressful situation.

· Rhodiola rosea has been reported to prevent both catecholamine release and subsequent cAMP elevation in the myocardium, and the depletion of adrenal catecholamines induced by acute stress.

· Randomized, controlled study: Forty students were randomized to receive either 50 mg SHR-5 (standardized extract of Rhodiola rosea) or placebo twice daily for a period of 20 days. The students receiving SHR-5 demonstrated significant improvements in physical fitness, psychomotor function, mental performance, and general well-being. Subjects receiving the Rhodiola rosea extract also reported statistically significant reductions in mental fatigue, improved sleep patterns, a reduced need for sleep, greater mood stability, and a greater motivation to study. The average exam scores between students receiving the Rhodiola rosea extract and placebo were 3.47 and 3.20, respectively.

· Schisandra chinensis

· Schisandra is a tonic herb and therefore should not be used in acute conditions.  Schisandra strengthens the lungs, kidneys and adrenals.

· Valeriana officinalis

· According to Michael Moore, if you are an adrenal driven person, it is a tonic sedative.  If you are an adrenocortical stressed person, you will experience sedation and physical stimulation.

· Withania somnifera

· A pharmacological comparison of Withania and Panax ginseng  demonstrated that Withania has similar potency to Panax in terms of adaptogenic, tonic and anabolic effects.
 Withania somnifera  is a tonic herb.  It is best suited to individuals who are debilitated and who suffer from nervous exhaustion, emaciation and anemia.

· In one controlled study, Withania prevented both a weight increase of the adrenals and a reduction in ascorbic acid content of the adrenals normally caused by a swimming performance test in mice in water at 28º-30ºC. The authors suggested that Withania induced a state of nonspecific increased resistance during stress.

· Glandulars

· Interview: Dr. Alschuler uses glandulars to treat adrenal exhaustion, but not by themselves. She sees good results when using glandulars with adaptogens, especially panax ginseng since it is more stimulating than Eleutherococcus. She also includes B vitamins, Vitamin C, and nervines in the treatment plan. It is important to work on the nervous system. She also emphasizes rest, ritual and rhythms as lifestyle factors.

Symptom-Based Natural Treatment

· Vitamin C. Decreases the secretion of cortisol in response to stress.  Pizzorno, J.  Total Wellness, 1996 p 238.

· Arginine-ornithine-lysine. Opposes catabolic effects of excess cortisol by stimulating growth hormone.  Powell, DW.  Endocrinology & Naturopathic Therapies.  2001 p 78.

Symptom-Based Synthetic Treatment

· Corticosteroids. Used primarily to correct glucocorticoid deficiencies. Drugs of choice are: Hydrocortisone, Cortisone and Prednisone. 

· Correct electrolyte abnormalities.

· Perform judicious volume resuscitation.

· Continuously monitor and administer glucose.

· Mineralocorticoid administration is not needed unless a corticosteroid with low mineralocorticoid activity (eg, dexamethasone) is used, or cortisol/corticosteroid administration has been reduced to near maintenance levels. Mineralocorticoid administration usually is not necessary for treatment of secondary adrenocortical insufficiency.

· Manage precipitating factors of adrenal crisis or insufficiency. Infectious etiologies commonly precipitate adrenal crisis. Recognition and treatment of causative factors are crucial aspects of managing adrenal hypofunction.

High Force Interventions

· High force intervention: surgical correction of ambiguous genitalia.

Complications/Referral Guidelines

· Acute Adrenal Crisis is an emergency. Lack of treatment leads to shock and potentially death.

· Sx: Weakness, abdominal pain, fever, confusion, nausea, vomiting, and diarrhea with a history of weight loss and anorexia. Low blood pressure, dehydration, unexplained hypoglycemia; skin pigmentation may be increased. Hyperkalemia, hyponatremia, azotemia, hypercalcemia, or eosinophilia, blood urea nitrogen high. Cosyntropin (ACTH1–24) unable to stimulate a normal increase in serum cortisol. 

· Adrenal crisis may occur in the following situations: 

(1)
Stress, eg, trauma, surgery, infection, or prolonged fasting in a patient with latent insufficiency. 

(2) 
Sudden withdrawal of adrenocortical hormone in a patient with chronic insufficiency or in a patient with temporary insufficiency due to suppression by exogenous glucocorticoids. 

(3) 
Bilateral adrenalectomy or removal of a functioning adrenal tumor that had suppressed the other adrenal. 

(4) 
Sudden destruction of the pituitary gland (pituitary necrosis), or when thyroid is given to a patient with hypoadrenalism. 

(5) 
Injury to both adrenals by trauma, hemorrhage, anticoagulant therapy, thrombosis, infection, or, rarely, metastatic carcinoma. 

ATTACHMENT A

ADRENAL INSUFFICIENCY

ETIOLOGY FLOW DIAGRAM

Genetic/Inborn

Gene Mutation

Gene Deletion

Enzyme Deficiency

Prolonged/Difficult

Delivery

Corticosteroid use by

Mother

Substitution of Alleles in

Maternal/paternal genes


Hygienic/Lifestyle

Exercise

Nutrition

Food Allergies and/or Intolerances

Sleep

Light


Psychosocial

Relaxation

Spiritual

Community

Family History and Current Dynamics

Job/Profession

Mental/Emotional State and Response to Stress
Other

Environmental Toxin Exposure

Idiopathic or Autoimmune Destruction of Adrenal Gland

Prescription Drug Use

Recreational Drug Use

Other Endocrine Disorders,

e.g., hypothyroidism

Adrenal Gland Tumor

Pituitary Gland Tumor

Hypothalamic-Pituitary Disease

ATTACHMENT B

Physical Exam Findings in Adrenal Insufficiency

1. Orthostatic hypotension and general hypotension

· Decreased blood volume seen with mineralocorticoid deficiency

· Reduced peripheral vascular adrenergic tone caused by glucocorticoid deficiency

· Mineralocorticoid secretion usually is normal in secondary hypoadrenalism because it is regulated by the renin-angiotensin system. Therefore, hypotension, dehydration are unusual.

2. Cardiac

· Potassium retention secondary to mineralocorticoid deficiency can lead to high serum potassium levels that can cause cardiac arrhythmias and death

· Tachycardia with hypertension

· Fibrillation with hypotension29
· “High” second heart sound over mitral and pulmonic valves29
3. Skin/Nails: 

· Dry or thin secondary to dehydration from mineralocorticoid deficiency

· White line test – dermographic “white line” appears after stroking with blunt instrument.29
· Increased pigmentation: (in primary adrenal insufficiency) is generalized but is most conspicuous in areas exposed to light, such as the face, neck, and backs of hands, and areas exposed to chronic mild trauma, friction, or pressure, such as the elbows, knees, spine, knuckles, waist (belt), midriff (girdle), and shoulders (brassiere straps). Also in normally pigmented areas such as palmar creases, areola, axillae, and umbilicus. Existing freckles darken, pigmented skin darkens, hair and nails may darken.

a. The lack of cortisol negative feedback in primary hypoadrenalism (increased hypothalamic CRH ( increased synthesis and secretion of pituitary ACTH

b. Hyperpigmentation is not seen with secondary hypoadrenalism because ACTH levels are not raised.

· Vitiligo: Patchy, often bilaterally symmetrical areas of depigmented skin (vitiligo) occur on the trunk or extremities in 10 to 20% of patients with autoimmune (but not other) types of adrenal insufficiency

· Auricular calcification:  Calcification of the auricular cartilages may occur in long-standing primary or secondary adrenal insufficiency exclusively in men. Adrenal insufficiency is the most common associated systemic disorder. It is postulated to result from chronic cortisol deficiency, and does not improve with glucocorticoid replacement.

· Nails: chronic fungal infection may be seen.

· Scanty perspiration: Dehydration seen secondary to mineralocorticoid insufficiency

4. Body hair: 

· Sparse body hair may be seen in women with androgen insufficiency

· Hirsutism may be seen in MSS-2 with excess androgens

5. Weight loss: results mostly from anorexia but partly from dehydration, may vary from 2 to as much as 15 kg but may not become evident until adrenal failure is advanced

6. Mouth:

· Patchy buccal pigmentation occurs on the inner surface of lips and on the buccal mucosa along the line of dental occlusion, sites of repeated trauma. It may also occur under the tongue, along the gingival border in patients with chronic periodontal disease, and on the hard palate.

· Teeth: incidence of multiple dental caries may be high

· Lymphoid tissue hyperplasia, particularly of the tonsils, may occur

· Chronic fungal infection of the mouth may be seen

7. Abdominal

· Splenomegaly may occur

· Gastrointestinal complaints, usually nausea and occasionally vomiting, abdominal pain, or diarrhea that may alternate with constipation, are common and correlate with the severity of adrenal insufficiency. Vomiting and abdominal pain often herald an adrenal crisis

8. Vagina

· Chronic fungal infections may be seen

· Increased pigmentation may be seen on vaginal and anal mucosal membrane hyperpigmentation usually is seen only in patients whose skin is normally pigmented, such as African-Americans and Native Americans.

9. Eyes

· Hippus refers to non-rhythmic fluctuations in pupillary size when there is a steady illumination. Hippus is typically considered normal when it is not severe. Naturopathically, we have considered Hippus to be a sign of adrenal insufficiency, though I could find no reference to support this.

10. Respiratory

· Histamine/adrenaline metabolism disruption – associated with concurrent respiratory and/or allergic conditions.29
ATTACHMENT C

Laboratory Testing for Adrenal Insufficiency

Labs suggesting Adrenal Insufficiency (particularly Addison’s Disease)

CBC: 

· Hct

· ( WBC

· relative lymphocytosis

· ( eosinophils

Comprehensive Metabolic Panel: 

· ( Na (<130 mEq/L)

· ( K (> 5 mEq/L)

· Na: K < 30:1

· ( fasting blood glucose (<50 mg/dl)

· ( HCO2- 

· ( BUN

· ( BUN/Creatinine ratio

Testing for adrenal insufficiency: 

· Step 1: ACTH levels

· Plasma ACTH is elevated (> 50 pg/mL) in 1( disease, decreased in 2( disease

· Step 2: Cosyntropin (Cortisol stimulation) test
· Administration of synthetic ACTH.

· Indicated if ACTH levels are low to differentiate primary from secondary adrenal insufficiency.  

· Normal response is increased cortisol levels.

· Patients with primary disease will have low or normal pre-injection cortisol values that do not rise.

· Step 3: Metyrapone test

· Administration of metyrapone which blocks the 11-hydroxylation of cortisol precursors resulting in ( cortisol production.  

· Indicated to confirm secondary adrenal insufficiency. 

· As a normal response to metyrapone, ACTH will be secreted and cortisol precursors will be increased, especially 11-deoxycortisol.

· Those with hypopituitarism (2( disease) will respond to cosyntropin but not to metyrapone.

· Administer 30 mg/kg po at midnight with little food.  At 8 AM the next morning the plasma cortisol should be < 10(g /dl and the plasma 11-deoxycortisol should be 7-22(g/dl. 

Step 4:   CRH administration

· CRH administration can be used to differentiate between hypothalamic and pituitary failure.  

· Failure to respond after CRH administration indicates pituitary failure (2( disease), while positive response indicates hypothalamic failure (3( disease).
Other tests

DHEA-S levels

Adrenal Stress Index (Diagnos-Techs)

Adrenal Hormone Panel (US Biotek)

Adreoncortex panel (Great Smokies)

Cortisol: 
If low cortisol: Suspect some degree of adrenal insufficiency

If high cortisol: Suspect some degree of adrenal hyperreactivity or hyperfunction, in response to environmental, physiological, or psychological stress

DHEA:

If low DHEA: Suspect a physiological response to stress, with shifting of the steroidogenic pathway to cortisol at the expense of DHEA. 

If high DHEA: Suspect an abnormal physiological response to stress, with shifting of the steroidogenic pathway to DHEA at the expense of cortisol. Rule out exogenous supplementation. Rule out polycystic ovary syndrome

DHEA/Cortisol Ratio

DHEA and cortisol levels diverge in stress and disease states

If low DHEA/cortisol ratio: Suspect a physiological response to stress, with shifting of the steroidogenic pathway to cortisol at the expense of DHEA

If high DHEA/cortisol ratio:  Suspect an abnormal physiological response to stress, with shifting of the steroidogenic pathway to DHEA at the expense of cortisol

Cortisol Circadian Rhythm

· Four salivary specimens are collected at specified times during a 24 hour circadian cycle. 

· The patient values are plotted and the graph is compared to the expected normal profile. 

· Replacing a single serum measurement with a trend-related analysis substantially increases sensitivity and specificity for diagnosis of abnormalities in the highly responsive HPA axis.

If altered circadian rhythm of cortisol: 

· Dysglycemia since cortisol will be secreted in response to a drop in blood sugar 

· Disrupted sleep cycles 

Other Tests for Specific Etiologies

Toxic and Harmful Substances

· Lab tests for pentachlorophenol (PCP): serum levels greater than 20 (g/ml

· Lab tests for trichloroethylene: fat biopsy

· Lab tests for heave metals:  hair analysis, urinary chelation

· Labs tests for carbon monoxide: ( O2 saturation, direct measurement of carboxy Hb (gray top tube for spectrophotometry)
, blood pH markedly decreased due to metabolic acidosis (ominous sign).

% COHb

Symptoms

0-2%

asymptomatic

2-5%

found in moderate cigarette smokers; usually asymptomatic but may have slightly impaired intellect.

5-10%

found in heavy cigarette smokers; slight dyspnea with sever exertion

10-20%

dyspnea with mild exertion, mild headache

20-30%

marked headache, irritability, disturbed judgment and memory, easy fatigability

30-40%

headache confusion, dimness of vision, confusion, weakness, nausea

>50%

progressively worsening symptoms until death (>80%)

Clean water

· Lab tests for water pollution:  Drinking water analysis, hair analysis, chelation analysis for specific toxic substances and trace metals.  see Interpreting “Drinking Water Quality Analysis: What do the numbers mean?” at 

http://www.walrus.com/~gatherer/interpret.html#water for information on water pollution and water testing.

Unadulterated Food:

· Lab tests for endotoxin:  stool culture, intestinal permeability tests. Limulus Amebocyte Lysate (LAL), a product made from horseshoe crab blood cells, is used to test consumable products for endotoxin levels, primarily for research and development.  

· Lab tests for anorexia nervosa:  No diagnostic profile; diagnosis is by exclusion.  Findings may be compensatory regulatory changes secondary to nutritional deprivation rather than primary hypothalamic dysfunction. 

· Adrenal function abnormalities may be found, for example:

· normal or increased plasma corticoids

· absence of diurnal variation of glucocorticoids

· hyperresponsive adrenocorticotropic hormone test

· incomplete suppression of dexamethasone

· response to metyrapone may be intact or excessive

· low 17-ketosteroid and 17-ketogenic steroid in urine

· no adrenal insufficiency

Exercise:

· Blood and salivary cortisols are evaluated and urinary cortisol (as an indication of stress). 

· Measure saliva or plasma cortisol or plasma epinephrine/norepinephrine before and after exercise.

· Healthy individuals will have elevated cortisol and catecholamines after exercise and increased excretion of cortisol in urine afterwards.

· If adrenal insufficiency there may not be a dramatic increase in cortisol or catecholamines with exercise. 

· Cortisol controls the use of glycogen by the liver during exercise, therefore blood glucose and lactate can be measured before and after to evaluate adrenal function. There should be an increase in blood glucose with lactate during and for a short time period after exercise. 

· Overtraining can lead to decreased response to exercise by the pituitary and adrenal gland resulting in decreased maximum rise in pituitary hormone (ACTH) and cortisol. Measuring ACTH as well as cortisol would be a good lab to test for overtraining.

· To evaluate the functioning of the HPA axis: Adrenal stimulation with ACTH at rest and after exercise.

· Measure saliva and plasma cortisol at rest and after strenuous exercise, approximately 1-2 hours afterward. This will give information about the response of the pituitary gland to feedback from the adrenal gland. 

· With endurance trained athletes after strenuous exercise there has been shown to be a decreased pituitary sensitivity to cortisol negative feedback.

Genetic/congenital/constitutional

· Fetal blood sampling – take from heart blood or hepatic portion of umbilical vein at 15 weeks gestation (18 – 23 weeks OK) – 2% increase fetal risk – can detect adrenoleukodystrophy

· CV (chorionic villi) or AFC (amnionic fluid cells) can detect Duchenne type muscular dystrophy (associated with xp21 contiguous gene syndrome and adrenal hypoplasia congenita) – prenatal treatment is available 

· Chromosomal analysis of sex anomalies or ambiguous genitalia - always investigate for CAH (congenital adrenal hyperplasia) – associated with decreased cortisol levels.32
· CAH Diagnosis- presence of increased precursor steroids in blood or urine which are suppressible by glucocorticoid administration OR prenatal diagnosis by presence of 17-hydroxyprogesterone (17-OHP) or androstenedione in amniotic fluid. 32
· 21- Hydroxylase deficiency – urinary (90% of CAH). 32
· 3-Beta-Hydroxysteroid Dehydrogenase (3-Beta-HSD) Deficiency – detects rare autosomal recessive disease – associated with decreased cortisol, aldosterone, androstenedione and sex steroids – complete deficiency causes death 32
· 17-Alpha-Hydroxylase Deficiency – associated with decreased androgens and aldosterone, increased corticosterone and DOC (increasing blood pressure and hypokalemia). 32
· Cholesterol Desmolase Deficiency – early identification and treatment may prevent short stature and infertility – associated with virtually no steroids, low urine 17-OHKS unresponsive to ACTH stimulation, ambiguous genitalia – early death can occur if not ID’d at birth. 32
· Corticosterone Methyl oxidase Deficiency – associated with hyponatremia, hyperkalemia, decreased aldosterone and increased corticosterone.32
· 17-Beta-HSD Deficiency – increased delta-4 testosterone in peripheral or spermatic blood is diagnostic. 32
· 17-ketosteroid in urine – increased in precocious puberty due to adrenal hyperplasia – decreased in Addison’s Disease. 32
· 17-Hydroxycorticosteroids – decreased in Addison’s and ACTH deficiency. 32
· Placental aromatase

· Maternal hormone panels within lab-specific ranges for pregnancy

· Radioimmunoassay of serum 17-hydroxyprogesterone, karyotype, pelvic/abdominal ultrasound

· PCR of cytochrome P450 in mitochondria

Nutritional

· Consider amino acid assay to individualize amino acid treatment options

· Pantothenic acid deficiency: 

· Test plasma concentration. Clinical deficiency = Plasma conc. < 100 mg/dl

· Test urinary excretion. Clinical deficiency =  < 1 mg/day

· Vitamin C deficiency: Test plasma vitamin C levels. Adequate: .4-.99 mg/dl;  Marginal: .2-.39 mg/dl; Deficient: .< .2 mg/dl

· B6 deficiency:

· Test Xanthurenic acid excretion following tryptophan loading (100 mg Trp/kg body weight). Abnormally high xanthurenic acid is found in B6 deficiency. Deficiency: >25 mg /6 hrs

· Plasma PLP. Deficient: PLP<30 nmol/L

· Urinary B6 excretion: Deficiency: <20mg/g creatinine

· Erythrocyte transaminase: Deficient: >1.8 (EGOT); Deficient: >1.25 (EGPT)

· Zinc deficiency: 

· Serum or plasma zinc with fasting concentrations <70 mg/dl suggests deficiency.

· Magnesium deficiency:

· Serum Magnesium levels (low sensitivity and specificity). 

· Renal magnesium excretion. 

· Oral magnesium load test
ATTACHMENT D

Historical References of Interest

Eclectic Practice of Medicine, Thomas, pp.116 “Addison’s”

Practice Volume II, Lindlahr, pp.88

The Modern Way To Health, Davidson, p. 30, “The Internal Secretions”

Guide To Alkaloidal Medicine, Shaller, p.66.

Disease and Rational Therapy, Gregory, p.245, “Addison’s, early disease”.

Portfolio of  Product Bulletins, Vitamin Products  Company, Milwaukee, Wisconsin, p.63&147.

Manual of Therapy, Scott, p.7.

Practical Endocrinology, Harrower, Chapter 9 “Adrenals”, p. 205 “Endocrine Diagnostics”, p.244, “etiology/tests”, 1932.

”Chronic Fatigue Intoxication”, NY, G.E. Steehert & Co., 1923.

“Shellshock and the Internal Secretions with Suggestions to Treatment”, Prescriber, Oct., 1996, p.203.
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