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Technical Issues & Clinical Questions

Please type any technical issue or clinical 
question into either the “Chat” or 
“Questions” boxes, making sure to send them 
to “Organizer” at any time during 
the webinar.  

We will be compiling your clinical questions 
and answering as many as we can the final 15 
minutes of the webinar.  

DISCLAIMER: Please note that any and all emails provided may be used for 
follow up correspondence and/or for further communication.



Need More Resources? 

Explore

WWW.GDX.NET 
for more information and 

educational resources, including… 

LEARN GDX – Brief video modules
LIVE GDX – Previous webinar recordings

GI University – Focused learning modules
________

MY GDX – Order materials and get results



Patient Dropship/Online Registration
https://youtu.be/YHd0lD9GVG4
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Overview of this Presentation

• Review the root, influences, and 
goal of HPA Axis Stress Response

• Looking at the HPA Axis differently; 
beyond cortisol control

• Discuss strategies for supporting 
the HPA Axis Function



• Adrenal function (or dysfunction) is rarely a defining 

feature or root cause of a Stress Response System 

(HPA axis) dysfunction; this oversimplification often 

misses the most common root causes of HPA axis 

and Stress-related phenomena

• The most powerful therapies that clinicians can use 

to support the Stress-Response and the HPA axis are 

not directly related to “Adrenal Support”, and they 

are often overlooked or underleveraged

The Root of HPA Axis Stress is Not Adrenal Fatigue!



What Influences the HPA axis Response to “Stress”
A Simplified Approach

• Energy Needs 
(hypoglycemia)

• Inflammation

• Metabolic 
Dysregulation

• Circadian 
Disruption

• Psychosocial 
anticipation of 
dysregulation

• Circadian 
anticipation of 
metabolic 
functions

• Early Life Stress

• Cortisol sensitivity

• Feedback Loops

• Epigenetics

• Chaperones 

• Neuro-steroids

• Learned Responses

Response to 
Homeostatic 

Metabolic Needs

Anticipation of 
Metabolic 

Needs

Adaptations from 
All Prior HPA axis 

Activations



Guilliams TG, The Role of Stress and the HPA Axis in Chronic Disease Management (2nd Ed- 2020).



Allostatic Load: The Cost of Adaptation 

The metabolic cost of 
re-establishing 
physiological integrity 
after a stressor



The Adrenals respond to the Brain
(Feedback inhibition alters cortisol output)

Yehuda R. N Engl J Med 2002; 346:108-114.

A variety of “Stress” signals 
from outside the hypothalamus, 
along with feedback signals of 

cortisol at the HP, determine the 
ACTH signal and subsequent 

adrenal cortisol output 



• Maintain effective blood supply (O2/nutrition) to brain, heart, skeletal muscle for 
immediate survival

• Increase energy production by recruiting substrates (glucose, FA, AA) from body 
stores and enhance gluconeogenesis

• Optimize ATP production for vital short-term needs at the expense of long-term 
metabolic functions

• Achieving Physiological Reliance at the Expense of Metabolic Reserve (akin to 
Ames’ Triage theory)

The “Goal” of the Stress Response



• Just like emergency vehicles need to use the same roads used for non-emergency 
functions;

• The stress-response system uses the same organs, cells, metabolites and signaling 
mechanisms that the body uses to maintain non-stress metabolic functions

Stress Drives on the Same Road!



• An Energy Management System that:

– Upregulates metabolic systems to coincide with diurnal activities 
and energy needs

– Modulates cell metabolism in anticipation of energy availability

– Prepares immune functions for increased vulnerabilities- tied to 
anticipated activity

– In an emergency- overrides metabolic systems to ensure energy 
availability to survive the crisis

Thinking Differently About the HPA Axis: Beyond Stress!



The HPA Axis is More than Just Cortisol Control

Guilliams TG, The Role of Stress and the HPA Axis in Chronic Disease Management (2nd Ed- 2020).



The Hypothalamus Nuclei: Defining “Stress”

Guilliams TG, The Role of Stress and the HPA Axis in Chronic Disease Management (2nd Ed- 2020).



• Pre-formed ACTH is released upon CRH 
and/or arginine vasopressin (AVP) 
interaction with their respective 
receptors. AVP is a much weaker signal 
compared to ACTH

PVN Consolidates Signal

Guilliams TG, The Role of Stress and the HPA Axis in Chronic Disease Management (2nd Ed- 2020).



CRF (CRH) and Urocortins

Kuperman Y & Chen A. Trends Endocrinol Metab. 2008.

Schematic representation of the 
mammalian CRF/Urocortin family of 
peptides, receptors, and binding proteins



• CRH and urocortins bind to two 
receptors

• CRH Receptors are found in 
many areas of the brain and 
also in many peripheral tissues

• CRH is also produced by other 
tissues (i.e. some immune cells)

CRF/CRH Receptors: Beyond signaling ACTH

Kassi et al. EndoText.com Stress, Endocrine Physiology and Pathophysiology.



CRH/CRH Receptors in Metabolism

Kuperman Y & Chen A. Trends Endocrinol Metab. 2008.



CRH and Immune Cells

Front Integr Neurosci., 13 August 2013 http://dx.doi.org/10.3389/fnint.2013.00056.



ACTH and POMC Pro-opiomelanocortin

Guilliams TG, The Role of Stress and the HPA Axis in Chronic Disease Management- 2015.

Melanocyte-stimulating hormone



The HPA Axis-Circadian-Metabolism Connection

Rao R, Androulakis IP. Horm Behav. 2019 Apr;110:77-89.



Synchronizing Peripheral Clocks via the 
Suprachiasmatic Nucleus (SCN) 

Investig Clin Urol. 2016 May;57(3):165-173. https://doi.org/10.4111/icu.2016.57.3.165.



Time Cues: Zeitgebers 

Nature Reviews Neurology volume 10, pages 683–693 (2014).

Gut Microbiota

?



Major Signals from SCN to Peripheral Clocks

Mohawk JA, et al. Annu Rev Neurosci. 2012;35:445-62.



Two Major signals: Surveillance of “Stress” 
and Circadian Re-synchrony

PVN consolidates the 
Stress Signal

SCN acts as the body’s 
main zeitgeber to 
synchronize circadian 
rhythm to light



Saliva or Free 
Cortisol

Circadian and Ultradian Rhythm of ACTH and Cortisol



The HPA Axis and Clocks (Central and Peripheral)



Cortisol:  A Major Signal for Cellular Transcription

Cells 2013, 2(2), 202-223; doi:10.3390/cells2020202 .



GR/Cortisol modulates 
the peripheral clock by
• Increasing or phase-

shifting the expression 
of PER1/2.

• Reducing the 
expression of RORa
and Rev-ERBa

Cortisol Signaling through the 
GR can be inhibited by:

• CLOCK-mediated 
acetylation of GR

• CRY1/2 Binding to GR

Cortisol/GR and Clock Gene Interactions



For those who want the details!



Tissue Cortisol Sensitivity Fluctuates Diurnally

BMC Endocrine Disorders201414:71.



HSP and Chaperones Influence GR and Circadian Function

Int. J. Mol. Sci. 2019, 20(1), 79; https://doi.org/10.3390/ijms20010079.



Important Note:  The Suprachiasmatic Nucleus and the 
Pineal Gland Do Not Have Glucocorticoid Receptors-

Preventing them from being directly influenced by Stress-
Related Cortisol Output

• A large number of stressors can generate extreme 

fluctuations of cortisol (outside the normal diurnal 

rhythm) on any given day….wouldn’t this create havoc 

on the circadian rhythm of each cell? What about 

chronic stress?

Why Use the Stress Response to Help 

Manage the Circadian Rhythm?

Front Neuroendocrinol. 2018 Apr;49:52-71.



Chronic HPA Axis Dysregulation Affects Circadian Metabolism

Eur J Endocrinol. 2018 Jul;179(1):R1-R18. doi: 10.1530/EJE-18-0102. Epub 2018 Apr 16.



• Properly Time Basic Metabolic Activities to Reduce their Metabolic “Cost”
– Modify heart rate, blood pressure, glucose availability, and alertness for activity cycle

– To coordinate the efficiency of nutrient transport and metabolism with nutrient availability-
including mitochondrial activity and ROS/Antioxidants

– To upregulate detoxification to coordinate with anticipated intake of foods

– To modify immune system functions with activity and feeding cycles

– Seasonally- to coordinate mating activity with safe birthing season, to coordinate metabolic 
efficiency with food source availability and differences, to stimulate migratory changes if 
necessary, etc.

What is the Purpose of Biological Rhythms?



• Feeding and Fasting is 
recognized as a major signal 
synchronizing peripheral 
clocks, second only to light

• Rodent Studies suggest that 
dual system of circadian 
control exist when altering 
feeding to daytime

• Synchrony is linked to:
• Meal timing or time of food 

access

• Meal Contents

Food is a Powerful “Zeitburger”

Int. J. Mol. Sci. 2019, 20(8), 1911.



PCK1= Phosphoenolpyruvate carboxykinase 1

Nature Reviews Molecular Cell Biology volume 20, pages227–241(2019).



Diet Composition Produces Diverse Zeitgebers for the Clock

Ribas-Latre A, et al. Molecular Mteabolism. 2016;5(3):133-152.

“Different diets produce macromolecules and 
metabolites known to function as zeitgebers for 
the circadian clock in various tissues and cell 
types. While lipids and cholesterol are known to 
modulate PPARγ, RORα, LXR, and RORβ, fats and 
high glucose likely modulates BMAL1 activity in a 
GSK3β-dependent manner. Stearic acid has been 
observed to modulate the sirtuin protein SIRT6 
(which binds directly to CLOCK:BMAL1). Under 
different dietary conditions, there is an increase 
in potential clock zeitgebers including vitamin A 
(known to activate RAR and RXR), polyphenols 
such as resveratrol (activator of SIRT1) and 
proanthocyanidins (regulators or modulators of 
Bmal1, Nampt, and several other clock genes).”



• AMPK- Energy Sensor- Triggered when ATP is 
low
• Can phosphorylate Clock-related genes

• CREB (cAMP-response element binding protein) 
is also a nutrient sensor and clock regulator
• Phosphorylation of CREB is increased during fasting

• Glycogens Synthase Kinase: GSK activity is 
circadian acts to regulate CRY
• Elevated glucose increases GSK phosphorylation 

(inactivating it)
• Lithium is a GSK inhibitor

• Sirtuins (SIRT): NAD-dependent HDACs. SIRT1 
binds to CLOCK/BMAL1 and PER2 in circadian 
fashion
• As NAD(P)+ fluctuates (high-fasting, low fed)- this 

cycle triggers SIRT activities

What are the Important “Signals” at the Molecular Level?

Am J Physiol Regul Integr Comp Physiol. 2015 Mar 1; 308(5): R337–R350.



• Resveratrol ameliorates the 
metabolic and clock-gene changes 
seen in mice given a HFD

• These data have not yet been 
repeated in humans

Could SIRT1 Modulators Help Resynchronize the Clock?

Sun L, et al. Biochem and Biophys Research Comm.  (2015);458(2015):86-91.



Biosci Biotechnol Biochem. 2017 May;81(5):863-870.



Metabolism and Circadian Clock

Manella, et al. Front. Endocrinol. 2016:https://doi.org/10.3389/fendo.2016.00162.

Reinke H, et al. Natur Reviews Mole Cell Bio. 2019;20:227-241.



Biphasic response to Cortisol



Measuring HPA Axis Response- Circadian Dynamic

• This data only represents the day of 
sampling and is highly dependent on 
appropriate sampling techniques and 
timing

• Always correlate salivary cortisol with 
other signs/symptoms of HPA axis 
dysfunction



What Influences the HPA axis Response to “Stress”
A Simplified Approach

• Energy Needs 
(hypoglycemia)

• Inflammation

• Metabolic 
Dysregulation

• Circadian 
Disruption

• Psychosocial 
anticipation of 
dysregulation

• Circadian 
anticipation of 
metabolic 
functions

• Early Life Stress

• Cortisol sensitivity

• Feedback Loops

• Epigenetics

• Chaperones 

• Neurosteroids

• Learned Responses

Response to 
Homeostatic 

Metabolic Needs

Anticipation of 
Metabolic 

Needs

Adaptations from 
All Prior HPA axis 

Activations



Perceived

Stress

Novelty

Unpredictable

A Threat to 
Self/Ego

Lack of Control

• Converting External Events into Internal Signals

Perceived Stress





Available in Print or 

eBook (PDF) format

www.pointinstitute.org

The Second Edition of the Stress Roadmap is Available



Questions?

Presenter: 

Thomas G. Guilliams, Ph.D.
t.guilliams@pointeinstitute.org

US Client Services:  800-522-4762

UK Client Services: 020.8336.7750

We look forward to 
hearing from you!



Register for upcoming LIVE GDX Webinars online at WWW.GDX.NET

Patient Dropship/Online Registration: https://youtu.be/YHd0lD9GVG4

Subscribe to our weekly Podcast at WWW.GDX.NET/THE-LAB-REPORT

Upcoming LIVEGDX Webinar Topics

The views and opinions expressed herein are solely those of the presenter and do not necessarily represent those of Genova Diagnostics. 
Thus, Genova Diagnostics does not accept liability for consequences of any actions taken on the basis of the information provided.

http://www.gdx.net/
https://youtu.be/YHd0lD9GVG4
http://www.gdx.net/
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