FEATURE HPA AXIS

What is the evidence?
By Heidi Fritz MA, ND

egulation of hypothalamus-pituitary-adrenal (HPA)
Raxis activity has far reaching implications for many

areas of human health. Abnormalities in HPA axis
reactivity and secretion of its primary effector, cortisol, have
been observed in various autoimmune diseases, chronic fatigue
syndrome (CFS) and fibromyalgia (FM), as well as in patients
with major depression and cancer (Brivio 2010, Chrousos
1995, Nussey 2001, Romer 2009). Cortisol exerts widespread
anti-inflammatory, immunosuppressive, catabolic, hyperglycemic,
and anti-reproductive effects that may modulate these disease
processes; strategies that modulate cortisol activity either through
direct hormone replacement, or herbal/ nutritional/ lifestyle
strategies, may be useful as therapy for such conditions (Chrousos
1995). This article reviews determinants of the HPA stress

response, the concept of hypoadrenalism/ adrenal fatigue, and
existing human trials of low-dose hydrocortisone replacement.
HPA axis function in specific conditions, adrenal function
testing, and nutritional/ herbal interventions strategies are to be
discussed in future articles.
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HPA Axis Physiology

Activation of the HPA axis in response to a perceived stressor
begins with the secretion of corticotropin releasing hormone
(CRH) and arginine-vasopressin (AVP) from the paraventricular
nucleus (PVN) of the hypothalamus (Smith 2006, Tsigos 2002).
This triggers release of adrenocorticotropic hormone (ACTH)
from the anterior pituitary, which in turn stimulates the secretion
of glucocorticoids, notably cortisol, by the adrenal cortex. Cortisol
acts through the ubiquitous distribution of glucocorticoid receptor
(GR) throughout the body, altering cellular gene expression
through activation of glucocorticoid response elements (Chrousos
1995). Inhibition of the HPA axis is by negative feedback of
cortisol on hypothalamic and pituitary centers, thus limiting the
duration of tissue exposure to the deleterious effects of chronic
elevated cortisol (Nussey 2001).

Stressors

Stressors that drive CRH/ cortisol secretion can be categorized
as physical stressors such as exertion, trauma, and lack of sleep;
psychological stressors; and biochemical stressors such as
hypoglycemia and inflammation (Balbo 2010). Sleep deprivation or
irregularity is an often overlooked contributor to a patient’s overall
stress load. Sleep onset modestly inhibits cortisol secretion, while
awakenings are accompanied by increased secretion, an effect that
is likely mediated in part by melatonin, the diurnal counterpart to
cortisol (Balbo 2010). Chapotot demonstrated that plasma cortisol
level, secretory rate, and pulse amplitude were all significantly
increased in healthy young men after a night of sleep deprivation
compared to regular nocturnal sleep (p<0.05) (2001). Sleep phase
shift like that which occurs during travel across time zones or with

irregular hours of sleep also induces dramatic increases in cortisol

(Balbo 2010).

Inflammatory mediators such as TNF-a, IL-1, and IL-6 have
also been shown to activate the HPA axis (Tsigos 2002). These
cytokines, particularly IL-6, signal the HPA axis at multiple levels
(hypothalamus, pituitary, and adrenal glands) to secrete more
glucocorticoids in order to control inflammation (Chrousos 1995,
Mastorakos 1995). Tsigos showed that administration of IL-6, a
key mediator of inflammation, resulted in acutely elevated plasma
ACTH and elevation in cortisol lasting for over four hours in
healthy subjects (1997). Mastorakos found thatIL-6 administration
increased ACTH and cortisol levels in cancer patients (1993).
Interestingly, Vgontzas showed that sleep deprivation in otherwise
healthy subjects induced significantly increased daytime secretion
of IL-6, which may represent an indirect mechanism by which

sleep loss induces cortisol (1999).
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Rapidlyfluctuatingbloodglucoselevelsrepresentanotherunsuspected
source of biochemical stress. Hypoglycemia requires adrenal
compensation, triggering cortisol mediated liver gluconeogenesis in
order to restore normal glucose levels (Chen 2010). It is interesting
to note that a feeding response is also commonly observed, such
that cortisol tends to rise modestly after meals, particularly at noon
(Lemmens 2011, Vicennati 2002). Although there is conflicting
evidence, it seems that intake of carbohydrates and simple sugar
results in a higher post meal cortisol response compared to water, fats,
and protein (Martens 2010), while animal studies suggest that high
protein and high fat foods may reduce post meal cortisol (Lacroix
2004). This makes sense in light of the fact that consumption of fats
and protein results in a smoother, more even post-prandial blood
glucose profile, requiring less compensation by the adrenal glands.
A corollary of this is that functional hypoglycemia may therefore
also be an indication of hypoadrenalism (Gaby 2010).

Obesity has been associated with greater 24 hour cortisol
secretion (Vicennati 2002), which may be due in part to the
inflammatory milieu created by abdominal adiposity, with elevated
CRP etc, however obesity is also characterized by HPA axis
hyperresponsiveness to neuroendocrine stimuli (Vicennati 2000,
2004). Vincennati conducted a study of HPA stimulation and
suppression through the administration of arginine-vasopressin
(AVP, an HPA stimulant produced by the hypothalamus)
and alprazolam (a short acting benzodiazepine and centrally
acting HPA inhibitor used to treat anxiety) in women (2004).
Overweight/ obese women showed higher ACTH and cortisol
responses to the AVP stimulation test, and significantly greater
inhibition after alprazolam compared to non-overweight controls
(Vicennati 2004). Alprazolam also decreased 24h-urinary free
cortisol excretion by approximately 50% in the overweight/obese

subjects, but not in controls.

Other endocrine axes also interact with cortisol and the HPA-axis.
In women, an age-related decrease in estradiol is thought to decrease
the responsiveness of the HPA axis to stimulatory cytokines, based on
evidence in animal models of ovarian failure (Straub 2000, Xia-Zhang
1995), and estrogen replacement therapy in menopausal women has
been shown to suppresses the HPA axis response to emotional stress
(Carrasco 2003, Lindheim 1992). Tsigos reports that activation
of the HPA axis is associated with decreased production of TSH
and decreased peripheral conversion of T4 to the more biologically
active T3 (as seen in “euthyroid sick” syndrome), which may serve to
conserve energy during stress (2002). In animal models, induction
of the stress response (ACTH secretion) has been shown to decrease
circulating levels of T4 and T3 (Helmreich 2005).
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Cortisol synthesis

The adrenal cortex is responsible for three major pathways/
products: the mineralocorticoid pathway leading to production of
aldosterone; the androgen/ estrogen pathway producing DHEA,
testosterone, and estradiol; and the glucocorticoid pathway leading
to production of cortisol. These are depicted in Figure 1. Two
key enzymes convert intermediaries to cortisol: 218-hydroxylase
converts 17-hydroxy-progesterone to 11- fdeoxycortisol, which is
then converted to cortisol by 11%-hydroxylase. Measurement of
serum 17-hydroxy-progesterone (17-OH-P) level is often used to
assess the activity of these enzymes; in the event of an enzyme
deficiency, as in non-classical congenitial adrenal hyperplasia
(NCAH) for example, 17-OH-P will accumulate in the pathway
(Kelestimur 2006). Negative (eg. catabolic) effects of cortisol are
countered in part by the adrenal androgen DHEA (Straub 2000).

Cortisol rhythm

Cortisol secretion is pulsatile, diurnal, and stress-responsive (Balbo
2010). ACTH and cortisol levels peak in the morning (acrophase)
just prior to waking, with gradual decline throughout the rest of
the day, and an extended period of low levels around midnight
(nadir), followed by a rapid rise during the second half of the night
(Balbo 2010). Control of diurnal cortisol secretion is thought to be
under direct neural control via a multisynaptic pathway from the
pineal gland (site of melatonin synthesis), as well as through an
intrinsic circadian oscillator in the adrenal gland itself that can be

directly modulated by melatonin (Balbo 2010).

The Evolution of HPA and Disease

Seyle’s now-famous General Adaptation Syndrome (GAS)
describes three phases of HPA activity in response to stress; the
Alarm Reaction, Resistance, and Exhaustion. His 1950 paper
describes the biology of each phase in surprising detail. In brief,
during the first stage the adrenal glands release epinephrine and
glucocorticoids to help restore homeostasis; when homeostasis is
restored, adaptation is maintained through sustained secretion
of glucocorticoids; when resistance to the stressor can no longer
be maintained, exhaustion ensues, accompanied by the onset of
disease. This has usually been thought of as the downregulation
over time of adrenal gland responsiveness to ACTH/ stressors,
or decreased adrenal reserve, resulting in inadequate cortisol
secretion to meet physiological requirements and consequent loss
of anti-inflammatory control (Gaby 2011, Jefferies 2004). Seyle
wrote about “diseases of adaptation” (1950), providing a detailed
list of chronic inflammatory diseases, including allergies, asthma,
eczema, psoriasis, lupus, rheumatoid arthritis, ulcerative colitis,
and chronic urticaria, which may be one of the earliest medical
descriptions of what is now considered by naturopathic doctors as

“adrenal fatigue” or mild hypoadrenalism.

Figure 1. Steroid Synthesis in the Adrenal Gland
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Although glucocorticoid therapy has since evolved such that
standard use involves large pharmacological doses for limited
periods of time, William Jefferies pioneered the use of physiologic
doses of cortisol as long term therapy of many conditions (2004).
Jefferies distinguishes between 1) replacement dosage (~35-40
mg/d) such as that used in adrenalectomized patients or in
Addison’s disease; 2) supra-replacement dosage (>40mg/d) or
pharmacological doses; and 3) sub-replacement dosage, the dose
he utilizes as physiologic cortisol therapy in patients with intact
adrenals: hydrocortisone 20mg/d in four divided doses, with
food to avoid gastrointestinal side effects such as hyperacidity
(2004). In his book, Safe Uses of Cortisol, Jefferies reports
cases of many patients with diverse clinical presentations from
his own practice who have benefited from physiologic doses of
cortisol: rheumatoid arthritis and autoimmune disease, allergies,
infertility and recurrent miscarriage, viral infections, functional

hypoglycemia, thyroid conditions, and chronic fatigue syndrome
(Jefferies 2004).

Jefferies explains that although it is low dose, the physiologic use

of cortisol has not historically been considered as a therapeutic

58 | IHP June/July 2011 } ihpmagazine.com



FEATURE HPA AXIS

Table 1. Anti-Inflammatory Potency of Pharmaceutical Corticosteroids

Drug Half-Life (hours)

Glucocorticoids

Short-acting 8to 12

Cortisone
Hydrocortisone

Intermediate-acting 18to0 36

Methylprednisolone
Prednisolone
Prednisone
Triamcinolone

Long-acting 36 to 54

Betamethasone

Dexamethasone

*Adapted from the Compendium of Pharmaceutical and Specialties (CPS) 2011.

option because of the assumption that it carries the same safety
concerns as pharmacological doses (eg. diabetes, osteoporosis, etc).
He emphasizes the importance of four divided doses (roughly q6h)
rather than twice daily “because of evidence that normal blood
levels and some metabolic effects ... do not last longer than eight
hours” (2004). This maintains a smoother cortisol curve without
sharp peaks and troughs throughout the day, which more closely
mimics physiological secretion. A retrospective chart analysis by
Howlett lends support to this dosing schedule: using data from
130 patients and 174 3-point serum cortisol curves, Howlett
found that TID dosing achieved “optimal replacement” more
frequently than BID dosing, 60% versus 15% of cases (p<0.001)
(1997). Optimal replacement was defined as the dose that
achieved a urinary free cortisol and 0900h serum cortisol within
the normal range to avoid over-replacement, while maintaining
1230h and 1730h cortisol above 50nmol/L, and ideally above 100
nmol/L to avoid under-replacement (1997).

In his text, Nutritional Medicine, Alan Gaby discusses mild
hypoadrenalism or adrenocortical insufficiency, differentiating

it from the severe, autoimmune hypoadrenalism of Addison’s

Equivalent Anti-inflammatory Dose (mg)

25

40

0.6

.075

disease (2011). He lists characteristic symptoms as including
fatigue, weakness, anorexia, nausea, vomiting, weight loss, salt
craving, hypotension or orthostatic hypotension, hypoglycemia,
hyperpigmentation of the skin, decreased body hair in women,
and poor tolerance to stress or exertion. Gaby notes that the
inability of a clinically hypothyroid patient to tolerate even low
doses of thyroid hormone may indicate hypoadrenalism. Gaby also
describes low dose hydrocortisone therapy as a treatment option
for hypoadrenalism and chronic fatigue syndrome, corroborating
Jefferies’ experience (2011). He relates that he uses the lowest
effective dose of hydrocortisone, sometimes lower than S5mg QID,

and has noted improvement at doses as low as 1mg TID.

Hydrocortisone is the glucocorticoid of choice for treatment
of hypoadrenalism because it is the biochemical equivalent to
endogenous cortisol. Other corticosteroids are often more potent
in their activity, and as discussed above are dosed very differently.
A comparison of glucocorticoids adapted from the Compendium
of Pharmaceuticals and Specialties (CPS 2011) is provided in
Table 1. According to this table, Prednisone is approximately four

times as potent as hydrocortisone.
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“Jefferies explains that although it is low dose, the physiologic use of
cortisol has not historically been considered as a therapeutic option
because of the assumption that it carries the same safety concerns
as pharmacological doses (eg. diabetes, osteoporosis, etc).”

Human Trials of Hydrocortisone Therapy: CFS and PTSD
Chronic Fatigue Syndrome

It has been noted by many authors that CFS resembles Addison’s in
its symptomotology (Cleare 2001, Gaby 2011). HPA abnormalities
have been documented at many levels of the axis in CFS, but not all
with equal consistency (Chrousos 1995, Cleare 2001, Gaab 2002,
Jerjes 2007, Papadopoulos 2009, Scott 2000). Cleare reviews HPA
axis activity in CFS, stating that “tests of negative feedback using
dexamethasone support [the] hypersuppression of cortisol and
negative feedback...with over half the studies [also] suggesting
lowered basal cortisol and/ or blunted HPA axis responses” (2004).
A detailed analysis is beyond the scope of this paper, however
three controlled human trials of low dose hydrocortisone therapy

conducted in patients with CFS are discussed below.

Cleare found benefit from hydrocortisone in a randomized placebo
controlled crossover trial of 32 CFS patients without comorbid
psychiatric disorder (1999, 2001). Two dosages investigated: either
5mg or 10mg, taken as a single daily dose with breakfast for 28 days.
Both dosages had comparable effects on fatigue scores (p=0.90). In
the collective treatment group fatigue score dropped 7.2 points,
compared to 3.3 points in the placebo group, a mean difference of
4.5 points (p<0.009). Mean disability score also decreased with
treatment but not placebo. Fatigue scores normalized in nine (28%)
of the hydrocortisone group compared to two (9%) of the placebo
group (p=0.05). Importantly, insulin stress testing showed that
these doses of hydrocortisone did not induce adrenal suppression.
Reported side effects in three patients on hydrocortisone included:

worsening of acne, nervousness, and improvement of eczema.

In contrast, RCTs by McKenzie and Blockmans found no
clinically significant benefits, albeit at doses and schedules
that were shown to induce adrenal suppression: 25-35mg
hydrocortisone BID and a combination of 5mg hydrocortisone +
20mg fludrocortisone daily (Blockmans 2003, McKenzie 1998).
McKenzie did find that a greater percentage (53% vs 29%; P=.04)
recorded an improvement of five or more points in Wellness score,
and a higher average improvement in Wellness score on more
days compared to placebo recipients (P<.001) (1998). A lack of
correlation between the magnitude of impaired basal/ stimulated

serum cortisol levels and disease severity in this study, yet small

improvements with hydrocortisone therapy suggests the possibility
of peripheral glucocorticoid resistance (Chrousos 1995, McKenzie
1998). Blockmans notes that CFS is a heterogeneous disorder,
and treatment with low-dose steroids may only be effective for a
certain subset of patients (2003).

Although hydrocortisone for treatment of fibromyalgia has not
been investigated, patients with this condition also display HPA
axis dysfunction, with lowered salivary cortisol, urinary cortisol
excretion and more pronounced suppression of cortisol compared
with controls on low dose dexamethasone testing (Izquierdo-
Alvarez 2008, Riva 2010, Wingenfeld 2007).

Post Traumatic Stress Disorder (PTSD)

Aerni conducted a small randomized, double blind, placebo
controlled cross over trial of three patients with PTSD (2004).
Low dose hydrocortisone 10mg doses either as a single daily dose
in one patient and as two divided doses in the other two patients
or placebo was given for one month. Results showed that there
was a significant treatment effect in all the patients, with “cortisol-
related reductions of atleast 38% in one of the daily rated symptoms
of traumatic memories, as assessed by self-administered rating
scales” (Aerni 2004). Additionally, the clinician-Administered
PTSD Scale ratings assessed after each month showed cortisol-
related improvements for reexperiencing symptoms, and in one
patient, for avoidance symptoms also, but there was no impact on

hyperarousal symptoms.

Conclusion

The HPA axis is activated in response to physical, psychological,
and biochemical stresses. Mild hypoadrenalism is thought to
contribute to the onset of a spectrum of chronic inflammatory
conditions. Drs Jefferies and Gaby have pioneered the use of
physiological doses of hydrocortisone as therapy for autoimmune
disease and other conditions such as chronic fatigue syndrome.
Although limited, human trials of low dose hydrocortisone
suggest that this therapy may be of benefit to some patients with
this condition, with one trial suggesting benefit in approximately
1/3 of patients. There is a need for better understanding of testing
methods and natural strategies that can be used to treat conditions

characterized by mild hypoadrenalism.
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