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Hans Selye and His General Adaptation Syndrome
Most readers of this text are likely to have at least a
rudimentary understanding of how the HPA axis
regulates the stress response, the biological function
of glucocorticoids, and the general effects of stress
on chronic disease. This was certainly not true 75
years ago. In fact, both the biological functions of the
HPA axis and the very use of the word “stress” as a
biological process were yet to be defined. Most modern
researchers look back to a brief “letter” published in
Nature in 1936 by Hans Selye entitled “A syndrome
produced by diverse nocuous agents” as the starting point
of modern stress research.i
This paper was followed by decades of research
and publications that have shaped most of today’s
foundation for understanding the HPA axis, the role of
stress on chronic disease and the role of corticosteroid
signaling. Hans Selye (1907-1982) is often referred to
as the “Father of Stress Research,” the scientist who,
more than any other, brought the concept of stress to the
forefront of both scientists and the public.ii,iii His book,
The Stress of Life (1956),iv written for the lay audience,
popularized the notion of stress as the general response
to a wide variety of insults.
In the preface of the original publication
he writes:
“Stress is essentially reflected by the rate of all the wear
and tear caused by life. It will take a whole book to
explain the complex mechanisms through which
the body can reduce this type of wear and tear and
to define the concept more precisely. But let me
say here, by way of an introduction, that although
we cannot avoid stress as long as we live, we can
learn a great deal about how to keep its damaging
side-effects, “distress,” to a minimum. For instance,
we are just beginning to see that many common
diseases are largely due to errors in our adaptive
response to stress, rather than to direct damage by
germs, poisons, or life experiences. In this sense
many nervous and emotional disturbances, high
blood pressure, gastric and duodenal ulcers, and
certain types of sexual, allergic, cardiovascular, and
renal derangement appear to be essentially diseases
of adaptation.” [emphasis in the original]

Selye did most of his research in the laboratory
using rats. There, he found that placing animals under
a wide range of different physiological stressors resulted
in only a few common physiological responses. Through
these experiments, he postulated that there was a
common, non-specific pathway by which organisms
processed “nocuous agents,” or what he called “stressors.”
He later revised his definition of “stress,” which he
initially considered to be only harmful, to include both
harmful stimuli (distress) and helpful or joyful stimuli
(eustress). Both, he found, trigger similar biological
processes. The three common physiological responses
that Selye first described in stressed animals were: 1) the
enlargement (hypertrophy) of the adrenal cortex; 2) a
shrinking (atrophy) of the thymus and lymph nodes; and
3) erosions and ulcers in the duodenum. By observing
animals exposed to both acute and chronic stressors, he
also recognized that their ability to resist (or adapt) to
these stressors, as measured by relative changes in these
three physiological phenomena, involved progressive
adaptation. After years of research, Selye proposed
his General Adaptation Syndrome, in a monograph
published in 1950.iv
The General Adaptation Syndrome is
a description of both the stress-induced changes
experienced by animals as a consequence of the HPA
axis, and also the ability of the animal to resist or adapt
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Cortisol Signaling:
Modulating Target Tissue Responses
So far, we have described the rudimentary aspects of the HPA axis, primarily as a way to regulate the adrenal
production of cortisol through a complex set of positive signals and feedback inhibition loops, influenced by circadian
and “stress” signals consolidated in the brain. The synthesis and circulation of cortisol is, however, just the beginning
of understanding how the HPA axis controls target tissue responses. Since cortisol is a very potent steroid hormone,
able to trigger catabolic activities across many tissues, there are several ways the body buffers and modulates the
effects of cortisol on target tissue. Understanding these mechanisms can be just as important as understanding the
straightforward signaling within the HPA axis.¹ Here we will discuss the variety of mechanisms used to modulate
the cellular actions of cortisol and discuss how they mediate many of the chronic disease manifestations linked to
HPA axis dysfunction. Understanding these mechanisms can allow the clinician to leverage specific therapeutic
interventions that may mitigate the damage from, or improve the adaptation to, cortisol production and chronic
stress. Figure 13 shows a schematic diagram of the specific mechanisms that affect the cortisol signaling process. We
will first describe them briefly here, then unpack each of these mechanisms further in the following pages.
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Figure 13: Cortisol Signaling Modulation. This figure depicts the major ways in which the cortisol effects on target cells can be modulated. See text on
the adjacent page and following sections for details and context for each of these mechanisms.
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Free vs. Bound Cortisol
Like other circulating steroid hormones, most (~ 95%)
of the cortisol in the serum is bound, either to
corticosteroid binding globulin (CBG, ~80%)
or albumin. Only free cortisol appears to have
cell-signaling effects. Changes in the amount or
affinity of CBG can dramatically alter free (active)
cortisol levels.
11E-HSD (1 and 2)
11-E hydroxysteroid dehydrogenase enzymes 1 and 2
facilitate the inter-conversion of cortisol (active) and
cortisone (inactive). The polymorphisms, expression,
activation, and inhibition of these two enzymes affect
the intracellular concentration of active cortisol
available for signaling and may account for up to 40%
of the cortisol available to some tissues.
Classic Genomic Glucocorticoid Signaling
The genomic effects of cortisol are mediated through
glucocorticoid (cortisol) receptors, which function as
nuclear transcription factors. The different receptor
isoforms and splicing variants, along with multiple
patterns of dimerization, help determine the genomic
activation or repression of glucocorticoid responsive
genes. Most of the known effects of cortisol are
mediated through genomic signaling.
Heat Shock Proteins and Co-Chaperones
Like most nuclear regulators, cortisol receptors are
sequestered within the cytoplasm in the absence of
cortisol by heat shock proteins (universal chaperone
proteins) and co-chaperones. These proteins not only
sequester the cortisol receptors in the cytoplasm, they

can also profoundly influence the binding affinity
and signaling effects of cortisol. Their expression can
be modulated by stress as well as other lifestyle and
environmental influences.

5

Direct Non-Genomic Signaling
Though best known for its genomic effects, several
signaling pathways have been described for cortisol
that appear to be mediated by membrane-bound
receptors or directly through other cytoplasmic
signal transduction pathways (independent of the
nuclear/genomic signaling pathways and receptors).
The importance of these signaling pathways is a new
area of research.

6

Cortisol Metabolism Rate
Like all steroid hormones, cortisol is metabolized
and removed from the body. The clearance rate and
detoxification of cortisol (and various intermediate
metabolites) are potential factors that alter target
tissue effects.

7

DHEA Production
DHEA appears to function as an anabolic counterregulatory hormone to the catabolic effects of
cortisol. Low levels of DHEA allow for more
“unopposed” cortisol signaling within tissues.
Though the production and release of DHEA and
DHEA-S in the adrenal gland are, in part, managed
by the HPA axis and “stress” signaling, there are
other factors (e.g., aging) that also have a strong
influence on production. The function and control
of DHEA(S) is discussed on page 49.

Feedback Inhibition and Target Tissue Function
While considering these different ways that cortisol
signaling is modulated at the level of various target tissues,
it is important to remember that some of these effects
are systemic, while many are tissue-specific. Additionally,
recall that changes to target-tissue responses to cortisol
signaling also impact tissues involved in cortisol feedback
inhibition (e.g., amygdala, hippocampus, hypothalamus,
and pituitary), so that changes that increase cortisol
signaling in these tissues will result in a more profound
feedback inhibition (e.g., the use of dexamethasone to
suppress the HPA axis and cortisol secretion). Clinicians
should keep in mind the tissue-specific cortisol sensitivity

and feedback inhibitory dynamics when seeking to
diagnose patients based on measured cortisol levels, or
in attempting to use supplemental glucocorticoids or
agents designed to alter glucocorticoid signaling (see
glucocorticoid-induced adrenal insufficiency on page
62). Elevated serum or salivary cortisol levels may be
compensated by glucocorticoid resistance in specific
tissues and, conversely, low cortisol levels may be
compensated by hypersensitivity in specific tissues. Both
may explain anomalies between measurements of cortisol
circulation and apparent cortisol tissue effects.
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Laboratory Assessment of the HPA Axis
While the physiological dysregulations connecting the stress response system and chronic disease have been
extensively researched, it is much more challenging for clinicians to identify the specific clinical characteristics of
acute and chronic stress. The cumulative effects of allostatic load, resulting in depleted metabolic reserve in a wide
range of tissues, is considered one of the leading determinates of chronic disease progression, aging, and mortality.
However, measuring the subtle progression of physiological changes caused by allostatic load is not straightforward.
Therefore, researchers have explored different sets of biomarkers (or algorithms based on biomarker measurements),
attempting to gauge allostatic load as a predictor of aging, mental illness, and chronic disease risk (especially
cognition).1,2,3 Beyond the obvious endocrine markers (cortisol, DHEA(S), epinephrine, norepinephrine), the
most common biomarkers are those related to inflammation/immunity (CRP, IL-6, IGF-1, TNF-D, fibrinogen),
metabolic dysfunction (HDL, TG, HbA1c, glucose), as well as systolic and diastolic blood pressure, BMI, and waistto-hip ratio. These, along with clinical measures and symptoms of perceived stress (questionnaires, inventories, sleep
disturbances, etc.), can be used to assess allostatic load as well as direct therapeutic priorities. Currently there is no
consensus on which biomarkers or algorithms are best when assessing or defining allostatic load.4
In the clinical setting, especially amongst functional and integrative clinicians, direct measures of the
stress response are commonly employed. This is usually accomplished by measuring adrenal hormone output in a
basal or provoked state, or another intermediate signaling compound involved with the stress response. Numerous
laboratories provide a range of tests that allow clinicians to measure these and other hormones and metabolites
within the serum, saliva, urine, and hair. This section will focus on the different biomarkers used for assessing
HPA axis (and overall “stress”) that are currently available to the clinician, discussing the available evidence for
interpreting these laboratory results (primarily related to cortisol, DHEA, and DHEA-S).

Measuring Cortisol to Assess HPA Axis Status
The most common biomarker used to measure the function
of the HPA axis is cortisol, though serum ACTH is
also measured in the research setting or when adrenal
insufficiency is suspected (see sidebar on page 60). As the
most prominent and direct outcome of the HPA axis,
cortisol has been used in thousands of clinical trials to
measure the function, status, and reactivity of the HPA axis
generally, or as a measure of adrenal sufficiency and function
when properly provoked.5 In addition, since the synthesis
of cortisol follows a predictable diurnal pattern, is partially
responsible for its own synthesis (via feedback inhibition),
and can be intentionally suppressed or stimulated with
laboratory interventions, cortisol measurements are a critical
foundation to HPA axis research and clinical evaluation. We
will first describe the clinical measurement of cortisol and

then discuss how this measurement (along with DHEA(S)
or other measurements) can help assess HPA axis status.
Cortisol can easily be measured from several
biological fluids, such as serum, urine, and saliva, as well
as from hair and fingernails. Understanding the potential
uses of each of these sources of measured cortisol can be
beneficial for accessing the published literature and clinical
laboratory test results. While each of these measurements
will be outlined below, the use salivary free cortisol
measurements are likely the best and most easily sampled
surrogate marker for the glucocorticoid action (serum free
cortisol) available to most target tissues. However, tissuespecific cortisol concentrations (e.g., adipose tissue) may be
inferred by other measurements (e.g., the cortisone/cortisol
ratio), but they cannot be measured directly without biopsy.
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Diurnal Salivary Cortisol and DHEA(S) Sample Pattern

Elevated Daily Cortisol (with Diurnal Drop)

See Your Lab Reference Ranges

Suspect
Cushing’s

Note: Diurnal rhythm information only
represents the day of sampling and is highly
dependent on appropriate sampling techniques
and timing (especially in the morning).
Clinicians should always correlate salivary
cortisol information with other factors known
to influence HPA axis function before using
diurnal cortisol (or DHEA(S)) to diagnose
or treat any suspected HPA axis dysfunction.

7:00

8:00

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00

Time

Subject Type: Elevated measures of cortisol throughout the day (at several time-points), but with diurnal rhythm
generally intact. Unlike Cushing’s patients (red line in figure) that have very high cortisol levels that show no diurnal
drop, most subjects with stress-related elevated cortisol levels will still have a diurnal rhythm similar to the shaded box in
the figure. This suggests HPA axis circadian control is intact, though feedback inhibition may be slightly down-regulated
(maladapted). This pattern is common in older subjects with failing health, subjects with ongoing job or life stress (high
allostatic load), or subjects with melancholic depression.
Cortisol: While the diurnal pattern may represent elevations at each time-point, specific time-point higher than the
curve (especially mid-morning and mid-afternoon) may indicate hypoglycemic-induced cortisol or exercise.
CAR (if measured): While CAR is often elevated in these subjects, some individuals present with elevated morning
cortisol with flattened CAR (i.e., both waking and 30 minutes post awakening are elevated, resulting in a flattened CAR).
DHEA(S): DHEA and DHEA-S may be slightly elevated just after a strong HPA axis stressor, though most of these
subjects (i.e., Stage 1 or 2) are likely to have below normal DHEA(S) levels compared to age-matched individuals with
healthy HPA axis function. DHEA(S) levels that are higher in the morning than at bedtime (if reported) is a good sign
that there is limited stress-induced depletion of zona reticularis function.
Diagnostic and Therapeutic Strategies:
• Help identify avoidable perceived job/life stressors.
• Ask about normal sleep time, duration, and quality, advise where appropriate.
• Consider general HPA axis nutrient support for elevated-cortisol.
° Glycemic-supporting nutrients
° Vitamin/mineral support
° Adaptogens (consider avoiding licorice root - see page 130)
° Additional phospotidylserine (PS) may improve feedback inhibition
° Consider supplementing DHEA only if DHEA(S) measures are low (see page 120)
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Modifiable Categories of HPA Axis Stress
Assessing the status or function of an individual’s HPA axis (e.g., by measuring their cortisol and DHEA(S) levels) is
not the same thing as identifying those unique stressors that have contributed to that status or function. Thankfully,
while there are hundreds of internal and external signals that affect the HPA axis, most modifiable stressors can
be collected into just a few simple categories. Direct homeostatic signals, such as circadian disruption, glycemic
dysregulation and inflammatory signals, and those that are anticipatory and filtered through the higher orders of
the brain, what we will call perceived stress. In most subjects with chronic HPA axis dysfunction, creating strategies
to modify the stress signals coming from one or more of these categories will result in the greatest improvement in
the stress response system and, ultimately, help to rebuild metabolic reserves and slow chronic disease progression.
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Figure 25: Modifiable Categories of HPA Axis Stressors. This diagram shows four of the most important modifiable HPA axis stressors, depicting
both the initiating signal (outermost list of signals) as well as intermediate signals that trigger the stress response in the hypothalamus. Note that in the
perceived stress quadrant, the initiating signals are mostly filtered through neuronal pathways that are impacted by neurotransmitter, neurosteroid,
endocannabinoid, and glucocorticoid signaling. Unlike the filtered responses that drive the anticipatory nature of the perceived stress response, the other
three categories of signals have a more direct effect on the stress response, to quickly respond to homeostatic challenges (see inset above).
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Glycemic Dysregulation
The stress response system is designed to release energy stores, making them available for important life-saving functions.
Clinicians often forget that cortisol is a glucocorticoid, a hormone that, by its very name, is fundamental for the regulation
of glucose (in stressful and non-stressful situations). The rising epidemic of insulin resistance, obesity, and their related
metabolic disorders has a complex cause-and-effect relationship with the growing phenomena of stress-related disorders.
Subjects that maintain a healthy balanced lifestyle, choose diets designed to limit their glycemic impact, and maintain
adequate physical activity (to ensure proper glucose disposal), will be rewarded with good overall metabolic health and, as
a bonus, limit the glucose-controlling burden on their HPA axis (see page 85).

Inflammatory Signaling
Like its pharmaceutical analogs, cortisol is a powerful endogenous anti-inflammatory steroid. Not surprisingly, acute or
chronic inflammatory signals trigger the HPA axis, with the purpose of increasing cortisol availability within inflamed
tissues. These actions result in a suppression of most other immune functions as well, a common and problematic sideeffect with corticosteroid therapy. Clinicians should consider inflammation anywhere, to be an HPA axis stressor. This
might include inflammation in the gastrointestinal tract (e.g., food allergies or IBD), chronic low-level inflammation
(e.g., obesity, cardiovascular), or traditional inflammatory conditions (i.e., rheumatic diseases). Assessing and treating the
cause of a patient’s inflammation (especially when chronic) can profoundly reduce the allostatic load on their HPA axis
(see page 87).

Circadian Disruption
The HPA axis is intimately tied to the mechanisms controlling circadian rhythm. These rhythms are constantly entrained
by the light and dark cycles of day and night. Unfortunately, most humans living in the world today have the ability to
ignore these important cues when choosing their work, entertainment, social, and sleeping schedules. The consequence
is often HPA axis dysfunction, as well as an assortment of metabolic disturbances that are regulated by cortisol signaling
or HPA axis function (e.g., insulin resistance, obesity, neurotransmitter dysregulation, etc.). Of course, sleep is one of the
greatest “reset buttons” for the HPA axis and one of the most important ways to rebuild a depleted metabolic reserve.
Helping patients understand how to manage their daytime activities to ensure the proper quantity and quality of regular
sleep they experience is one of the most power “therapies” available for reducing HPA axis dysfunction (see page 88).
Choosing to eat in a way that reinforces this circadian rhythm, will further benefit the patient.

Perceived Stress
The HPA axis is easily triggered by non-physical signals from outside the body, events which the brain perceives as
threatening to our current status in some way. We call these psychosocial events “perceived” stressors because their ability
to affect HPA axis function is largely dependent on how the person perceives the event, rather than the event’s intrinsic
capacity to harm the person (e.g., public speaking). Ultimately, those events which are perceived as both “harmful” and
“uncontrollable” are the most stressful. As we will explore further in this section, the cascade of signals that consolidate
the threats from our surroundings is a complex neurocircuitry that includes various interpreting centers of the brain
(primarily signaling though classic GABA and glutamate receptors). These signals are then influenced further by signals
derived from neurotransmitters, neurosteroids, catecholamines, endocannabinoids, and glucocorticoids. The signals that
drive perceived stress are intended to allow the brain to anticipate a stressful situation, allowing for the upregulation of
metabolic processes that may be needed to resolve or survive the event (even if it does not actually require a metabolic
response to resolve).
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Interplay Between the Endocannabinoid
System and HPA Axis
The endocannabinoid system (ECS) is a neuromodulating system ubiquitously present in the human body which
helps regulate a variety of physiological systems such as stress, inflammation, pain, and memory.1 Generally, the ECS
consists of four coordinated components: endogenous ligands (i.e., endocannabinoids), the enzymes that synthesize
and degrade cannabinoids, cannabinoid receptors, and a cellular transport network. In addition to these four putative
components, there are several other receptors and endogenous compounds, along with the well-known exogenous
phytocannabinoids, that influence physiological function through the ECS. Ironically, the phytochemical delta-9tetrahydrocannabinol (THC) was isolated and identified as the main psychoactive component of Cannabis sativa
L. (marijuana) in 1964, nearly three decades before scientists discovered the endocannabinoid system, cannabinoid
receptors, or their endogenous ligands.2,3
In many ways, there are two overlapping endocannabinoid systems, roughly based on the differential
expression of the two main cannabinoid receptors.4 The cannabinoid receptor type 1 (CB1R) is primarily
expressed in the nervous system, where they mediate retrograde inhibition of neurotransmitter release; whereas the
cannabinoid receptor type 2 (CB2R) is mainly expressed in immune cells, where they modulate cytokine release
and cell migration.5,6 Here, we will primarily focus on CB1R-mediated central nervous system effects and the broad
interconnected relationship between the endocannabinoid system and the stress response system. Reviews detailing
many of the other peripheral actions of endocannabinoids (e.g., cardiovascular system, GI, liver, immune, muscular,
bone, reproductive systems, skin, etc.) are readily available, and new reviews are published frequently.4,7-12

Components of the Endocannabinoid System
Endogenous Endocannabinoid Ligands
The two putative endogenous lipid-derived ligands are
anandamide (N-arachidonoylethanolamine or AEA), a
name derived from the Sanskrit word ananda meaning
“bliss”, and 2-arachidonoylglycerol (2-AG). Unlike preformed neurotransmitters, both AEA and 2-AG are
synthesized on demand from membrane phospholipids
upon cellular activation; and, similar to other lipid
modulators, they can also be synthesized and catabolized
by multiple pathways.13,14
AEA and 2-AG are members of two large lipid
families, N-acylethanolamines (NAEs) and 2-acylglycerols
(2-AcGs), respectively. As such, other related lipids (i.e.,
AEA/2-AG congeners) may be considered as part of an
expanded representation of the endocannabinoid system—
the endocannabinoidome.15 These congeners signal through
non-canonical receptors (e.g., PPARD, GPR55/110/119,
TRPV1) to exert biological effects that may overlap or

function distinctly from the endogenous ligands, AEA,
and 2-AG. Some examples of these congeners include
NAE members N-palmitoylethanolamine (PEA),
N-oleoylethanolamine (OEA), N-linoleoylethanolamine
(LEA), N-stearoylethanolamine (SEA), N-docosahexaenoyl
ethanolamine (“DHEA”) and 2-AcG members 2-oleoyl
glycerol (2-OG), 2-linoleoyl glycerol (2-LG), and
2-palmitoyl glycerol (2-PG).
Both AEA and 2-AG act as endogenous agonists
at CB1R; however, 2-AG has a lower affinity but higher
efficacy relative to AEA, reflecting that 2-AG functions as
a full agonist, whereas AEA functions as a partial agonist
at CB1R.16,17,† Comparatively, 2-AG functions as a full
agonist at CB2R, whereas AEA, due to its low efficacy,
operates as a weak partial agonist at CB2R.18
† In this instance, affinity reflects the ability of the endocannabinoid to form a
bound complex with the receptor, whereas efficacy reflects the ability of the
endocannabinoid to induce signaling via the receptor.
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Natural Therapeutic Strategies
to Support HPA Axis Function
Supporting the HPA axis is a critical component to chronic disease management, but it involves organizing therapies
around known processes within the brain, the adrenal gland and the way in which cortisol signaling functions
within target tissue. This section summarizes some basic protocols that can be used in most patients with HPA axis
dysfunctions giving nuanced applications based on measured cortisol levels. This is followed by summaries of the key
nutrients, herbs or dietary supplement ingredients that have the potential to improve HPA axis outcomes.
It is important to always remember the big picture when addressing stress and HPA axis support protocols.
Fundamental to uncoupling the chronic disease consequences of stress, even without discovering or removing a
known stressor, is to build the metabolic reserve of all tissues through proper diet and lifestyle inputs. Obviously,
removing known stressors that lead to HPA axis dysfunction/maladaption is also profoundly beneficial. In both
of these strategies, building metabolic reserve and reducing known HPA axis stressors, there is a wide range of
nonpharmacological options available to the clinician.
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Extracellular Space
Corticosteroid
Binding Globulin
Bound

Cortisol

Cortisol
Free

Cortisol

sue/
ent Tis
Adjac culation
Cir
Cortisone
(inactive)

Change in membrane

fluidity

SD 2
11β-H
SD 1
11β-H

Membrane
Glucocorticoid
Receptor

DHEA(S)

(

O

e
mbran
a Me
Plasm

(

O
S O

HO

D2

Cortisol

11β-HS

11β-HS

Direct or
Receptor-mediated

(active)

D1

Co-Chaperones

GR
P23

Cortisone

Hsp90

Anti-Glucocorticoid
Signals

Genomic Signaling

GR

Nucleus

CNS Support

Adrenal Support

Maintain Appropriate Hypothalamus
Response to Stressors
•r Glycemic Dysregulation
•r Perceived Stressors
•r Inﬂammatory Signals
•q Circadian Signals
• Sleep Therapy
• Light/Dark Entrainment
• Meal Timing

Protect the Zona Reticularis
•Antioxidants
•Adaptogens (?)

Balance Neurotransmitters/
Neurosteroids
• Consider Supplementing
Precursors and Cofactors for
Neurotransmitter Synthesis
• Consider Supplemental DHEA
& Pregnenolone

Nutrient Support for Adrenal
Steroidogenesis
•Vitamin C
•B-Vitamin (general)
•Pantothenic Acid
•Niacin
•Minerals (general)
•Magnesium/Zinc
•Glandulars (Adrenal)

Translocation
into nucleus

Release or
exchange of
chaperones

Activation

GRE

GR

Cytoplasm

GR

Hsp90

GR

Non-genomic
Signalling Eﬀects

Repression

nGRE

Target-tissue Cortisol Modulation
r 11β-HSD1 Activity
•Reduce Inﬂammation
•Reduce Insulin Resistance/Insulin
•Reduce Central Adiposity
•Consider Physical Activity (not intense)
q HSP Modulation of GR
•Consider Adaptogens
•Consider Physical Activity (not intense)
q DHEA’s Anti-Glucocorticoid Activity
•Consider Supplemental DHEA

Balance Cortisol Feedback Mechanisms
• Consider Phosphatidylserine
• Consider Adaptogens

The Role of Stress and the HPA Axis in Chronic Disease Management

Point Institute

THE RELATIONSHIP BETWEEN STRESS AND MEMORY

143

The Relationship Between Stress and Memory
There is a complex bidirectional relationship between the HPA axis and memory. On the one hand, since the HPA
axis is tasked with assessing threatening events and environments, the ability to recall past events is a critical tool for
evaluating the potential threat of an ongoing (or upcoming) event. Conversely, the ability to acquire, consolidate and
recall memories is dependent on neural plasticity and signaling; functions that are affected by acute and chronic stress.
It is no surprise, then, that acute stressors and the HPA adaptations to chronic stress can negatively affect short-term,
working or long-term memory. In this chapter we summarize the research that explores the relationship between
stress and memory, including the special research models used to investigate this relationship, the mechanisms
thought to drive these outcomes, the typical presentation of those affected by stress-induced memory dysfunctions,
and potential therapeutic options to mitigate these effects. First, however, we need to review the various categories
and stages of memory before describing how the stress response influences memory function.
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Figure 33: The Categories of Human Memory. Human memory is generally subdivided into different categories which include sensory memory, shortterm memory, working memory and long-term memory. Long-term memory can be further divided into declarative and non-declarative memories, each
of which is further subdivided into different memory types. See text for more details.
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Non-declarative, or implicit memories, on
the other hand, are unconscious memories for skills,
habits, or behaviors. These types of memories are further
classified as procedural, priming, conditioning, and
non-associative learning. Unlike declarative memories,
which can be remembered and retold, implicit memories
are expressed through performance or behavior.14 For
example, procedural memory involves learning a skill
that is difficult to explain using words, such as learning
to ride a bicycle. Priming is defined as an improvement or
modification of an individual’s ability to identify, produce,
or classify a given stimulus due to a previous encounter

with that stimulus.15 Individuals are exposed to the effects
of priming almost every day from advertisements. For
instance, if a child sees a commercial for a new ice cream
treat just before eating lunch, he or she may be more likely
to request ice cream for dessert even after forgetting about
the commercial. Non-declarative memories categorized
as non-associative describe habituation and sensitization.
Habituation occurs when one’s response declines after a
stimulus has been presented multiple times. Meanwhile,
sensitization occurs when a response is magnified after the
repetition of a stimulus.

Phases of Human Memory
Now that we have defined the categories of memory, we
must briefly describe the processes by which humans
store vast amounts of information with the expectation
of retrieving that information in the future. In other
words, how are short-term memories converted into
long-term memories (coincidentally or intentionally)
and what affects our ability to recall them on demand?
Researchers in memory science defines three basic phases
of this process: encoding, storage, and retrieval (see
Figure 34). The encoding process is critically important,
as it involves both the acquisition and consolidation of
the memory, including how that memory will be stored
(e.g., will the name of this new acquaintance be stored
based on how the person looks, how their name sounds,
alphabetically, or some other association?).19 Following

memory acquisition, STMs can undergo memory
consolidation where temporary synaptic changes become
permanent in the form of LTM.

Encoding New Memories
Encoding new memories requires physical changes
within the brain in which neurons begin to rewire
themselves. Experiences become memories as they
become embedded within the brain as synaptic changes
to the neural network. These changes are dependent on a
process known as synaptic plasticity, a process that can be
exploited through learning techniques and training. For
example, if a student is preparing for an upcoming exam
where it is expected that definitions of remembered words
will be required, he or she may attempt to “memorize”
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Figure 34: The Phases of Human Memory. These phases include three basic steps: encoding, storage, and retrieval. Encoding includes both the
acquisition and consolidation of memory. Following the formation of brief sensory memories, acquisition occurs, which determines how the information
will be stored in short-term memory. Consolidation converts temporary synaptic changes into permanent long-term memories (storage). Retrieval occurs
when a memory is transferred from long-term memory back into working memory. Meanwhile, reconsolidation is the process by which these memories
return to storage in long-term memory from working memory. Forgetting can occur at all phases of memory. See text for more details. 160
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HPA Axis, Stress, and Thyroid Function
As most clinicians know, there is complex interrelationship between the stress response controlled by the HPA
axis and thyroid-related functions.1,2 Since thyroid hormone is needed for normal development and for regulating
metabolism in the adult, some suggest that the HPT axis is necessarily down-regulated during stress to conserve
energy resources for immediate survival needs.1 In this section we provide an overview of how the HPA axis
influences thryoid function, as well as the downstream actions of thyroid hormone metabolism. We also discuss how
specific stressors with known influences on the HPA axis can affect the HPT axis and thryoid hormone signaling.

Basics of the HPT Axis
The signaling cascade within the hypothalamic-pituitarythyroid (HPT) axis is quite similar to that of the HPA axis
(see Figure 36).3,4,5 Metabolic signals consolidated in the
paraventricular nucleus (PVN) of the hypothalamus result
in the release of thyrotropin-releasing hormone (TRH),
which then stimulates thyrotropin cells within the anterior
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pituitary gland to produce and release thyroid-stimulating
hormone (TSH) into the bloodstream. TSH, in turn, binds
to G-protein coupled receptors (i.e., TSH-R) on thyroid
follicular cells, which triggers a cascade of metabolic
signals that results in the production and secretion of
thyroid hormone(s) (TH).6
There are several different thyroid hormones,
differentiated by the number and location of their attached
iodine molecules. Thyroxine (tetraiodothyronine, T4) and
3,5,3'-triiodothyronine (T3) are the primary hormones in
circulation. T4 (a relatively inactive hormone) makes up
greater than 80% of the hormone secretion of the thyroid
gland, while the more active T3 makes up less than 20%;
both are bound to transporter proteins, such as thyroxinebinding globulin (TBG), allowing less than 1% of each
to be “free.” Conversion of T4 to T3 is accomplished by
deiodinase enzymes expressed in the thyroid and, more
importantly, in most tissues in the body. The expression
Figure 36: Regulation of the Hypothalamus-Pituitary-Thyroid Axis.
Similar to the HPA axis, the HPT axis is regulated by a negative
feedback loop beginning in the hypothalamus. Thyrotropin-releasing
hormone (TRH) is produced in the paraventricular nucleus (PVN) of the
hypothalamus in response to signals (e.g., food intake, cold stress, leptin);
TRH is also regulated by circadian rhythmicity. TRH is secreted into the
median eminence and transported to the pituitary where it stimulates
thyrotrophs to synthesize TSH in the anterior pituitary gland. TSH is also
under circadian regulation. TSH binds to the TSH receptor on the thyroid,
stimulating the production of thyroid hormones. The thyroid gland
predominantly produces T4 and to a lesser extent produces the active T3
hormone. Most T3 is produced in peripheral tissues from the deiodination
of T4. A deiodination reaction may also occur which produces the inactive
rT3 metabolite from T4. Thyroid hormones (T4 and T3) regulate the
synthesis and release of TRH and TSH at the level of the hypothalamus
and the pituitary gland via thyroid hormone receptors. (TRH-thyrotropin
releasing hormone, TSH-thyroid stimulating hormone, D1, D2, D3deiodinase enzymes 1, 2, 3).90
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A Balanced and Evidence-Based Approach
Research over the past few decades has greatly increased our understanding of the role that the HPA axis plays
in regulating stress, metabolic, and circadian functions; and how acute and chronic stressors result in predictable
patterns of dysfunction. Unfortunately, much of that knowledge is either unknown or unleveraged within most
healthcare settings today. While clinicians trained in integrative and functional medicine paradigms are often
more aware of these relationships, they are often still using out-of-date nomenclature or oversimplified
explanations for stress-related dysfunctions.
The Role of Stress and the HPA Axis in Chronic Disease Management-Second Edition is designed to bridge the gap
between the growing clinical research in the area of stress-induced HPA axis dysfunction and the growing
clinical burden of diagnosing and treating subjects with stress-related chronic disease patterns. Thoughtfully
written and richly illustrated, this Road map is intended as a teaching tool and reference guide for all health
professionals interested in alleviating the heavy burden of those experiencing stress or its consequences. This
second edition expands upon the ground-breaking work of our first edition, and is updated to include the latest
references and relevant information for clinical decision-making.

This Road map is intended to be an indispensable resource for anyone making lifestyle,
nutritional, or dietary supplement recommendations within a healthcare setting:
• Clinicians
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• Nutritional Researchers and
Educators

• Nutritionists
• Dietitians

• Health Coaches

• Medical/Health Journalists
and Writers
• Students of Health Professions
• Manufacturers/Distributors of
Food and Dietary Supplements

• Nurses/Nurse Practitioners
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