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My “Stressful” Mission
• To re-align the Functional Med. Community to the current research of HPA 

axis and stress dysfunction
• To expand the view of the HPA axis beyond the stress-response
• To create a common nomenclature around stress and HPA axis function 

that is useful and accurate for the healthcare and scientific community
• To encourage more uniformity in the laboratory testing for HPA axis 

function (units, nomenclature, collection timing and instructions etc.) and 
encourage test menu options that mirror published literature more closely.

• To promote more research related to testing and HPA axis interventions 
• Help clinicians incorporate HPA axis therapies to prevent and treat stress-

related chronic dysfunction
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Clinicians as Researchers….N of 1+
• Clinicians that are investigating the underlying root cause(s) of 

complex chronic disease(s) in their patients using specialty 
tests need to know more than just how to “interpret” the results

• Understand the fundamental research that undergirds the test which 
has been performed (what is it measuring, what does it mean)

• Think about other implications of the test results- beyond the immediate 
and direct interpretation

• Be keenly aware that how (and when) the samples were collected 
impact interpretation of the findings

• Be able to explain to peers and critics the clinical benefits for specialty 
testing that is not common for diagnosing “diseases” 



Popular Language for Stress
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Yes- this is as ridiculous as 
you would imagine but, it 
helps to bolster the common, 
but incorrect, perception that 
investigating stress-related 
chronic disease in the clinic 
is mostly baseless. After all, it 
is published literature!



When did 
“Stress” become “Adrenals”?
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We think “Adrenals” because we test Cortisol



What are we Really Trying to 
Measure or Understand?

• The Relationship between a Stressor 
and its Metabolic Effects

• The Resilience of a Person’s Stress 
Response System to withstand 
additional Stressors (reserve 
capacity)

• How Acute and Chronic Stressors 
have affected the Circadian nature 
of the HPA axis

• What are the most likely therapies 
or changes that can increase a 
person’s ability to improve HPA axis 
mediated functions.

Cortisol has become 
the best surrogate 

marker for this whole 
pathway



Cortisol as a surrogate for ACTH

Endocr Rev, Volume 38, Issue 1, 1 February 2017, Pages 3–45, https://doi.org/10.1210/er.2015-1080

Plasma ACTH and Cortisol  measured every 15 
minutes in a healthy young man under normal 
(basal) conditions.

Note the Ultradian Rhythm of ~60-90 minutes of 
both ACTH and Cortisol

https://doi.org/10.1210/er.2015-1080


The Nomenclature of Adrenal Insufficiency

EndoText MDText.com, Inc.



Adaptation to 
chronic stress: 
could it be viewed 
as secondary or 
tertiary “AI”?

Based on these results we propose that hypocortisolism is a 
protective response dampening chronic HPA axis activity and 
thereby reducing the damaging effects of the glucocorticoid 
response to daily hassles at the expense of symptoms such as 
high stress sensitivity, pain, and fatigue.
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Patients clinically diagnosed with “burnout” 
and healthy controls were subjected to a 
psychosocial stressor (Trier Social Stress 
Test- TSST) and measured during and after 
the test for ACTH, Total Serum Cortisol and 
Salivary (Free Cortisol)

At first these results seem confusing or 
contradictory

Until they stratified the groups based on 
Low vs High Burnout

Low Burnout were individuals that were still 
under high amounts of stress and HPA axis 
reactivity

High Burnout Subjects had “transitioned” to 
a what appears to be an adaptive 
hypocortisolism.

ACTH Levels 
differentiate those in 

true HPA axis 
“Burnout”

Note that in subjects 
with low burnout 

elevated total Cortisol 
mirrors ACTH but 

salivary levels do not! 



My Last Seminar for DUTCH: 
Circadian Function and Cortisol



Endocr Rev, Volume 38, Issue 1, 1 February 2017, Pages 3–45, https://doi.org/10.1210/er.2015-1080

Molecular feedback loops generating circadian rhythmicity in 
both central and peripheral tissues.

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

https://doi.org/10.1210/er.2015-1080


• Must Read Review of How the 
Diurnal Rhythm of Cortisol is 
affected by (or diagnostic of) 
certain common conditions or 
lifestyle decisions.

• Endocrine Reviews, Volume 38, 
Issue 1, 1 February 2017, 
Pages 3–45, 
https://doi.org/10.1210/er.2015-
1080

https://doi.org/10.1210/er.2015-1080


Front. Endocrinol., 28 April 2017 | 
https://doi.org/10.3389/fendo.2017.00070

https://doi.org/10.3389/fendo.2017.00070


Nature Reviews Endocrinology volume 15, pages 525–534 (2019)



Nature Reviews Endocrinology volume 15, pages 525–534 (2019)

If we are to understand the growing epidemic of stress-
related human disease, we need to go back to first 
principles and understand not only the mechanisms 
underlying the regulation of our patterns of 
physiological activity and hormone secretion —
particularly over the important and notoriously difficult 
nadir period during sleep — but also why they are 
important for the maintenance of health. If we are 
going to aspire to an objective of optimal personalized 
medicine, we need to devise methods not only to 
measure dynamic basal patterns of hormonal metabolic 
and immune functioning over the whole day, but also 
novel therapeutic interventions to counteract the 
causes of environmental-related and/or stress-
related illness.



Standard 4-point salivary test
A good start, but opportunities to expand



Normal (unprovoked) values of salivary cortisol 
during the day
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• Cortisol is highest 
upon awakening 
(+30 min)

• Decreases rapidly 
until ~noon, then 
gradually diminishes 
to lowest point 
several hours after 
onset of sleep.

C Kirschbaum and D H Hellhammer

Most 4-point test do not 
ensure measurement of 
the first 30-40 min after 

awakening



A “normal” diurnal salivary cortisol with CAR

Note: 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.



Typical Diurnal Pattern with CAR 
(note chart is not to scale)



Cortisol Awakening Response (CAR): 
a mini HPA provocation test

• CAR is prompted by both 
circadian HPA activity and 
waking (light)

• No response to nighttime 
waking

• CAR is absent or blunted 
in most napping situations

• Surrogate marker for HPA 
axis plasticity/reactivity

• Affected by anticipitory
stress

International Review of Neurobiology
Volume 93, 2010, Pages 153-175

http://www.sciencedirect.com.ezproxy.library.wisc.edu/science/bookseries/00747742
http://www.sciencedirect.com.ezproxy.library.wisc.edu/science?_ob=PublicationURL&_tockey=#TOC#18064#2010#999069999#2519734#FLA#&_cdi=18064&_pubType=BS&view=c&_auth=y&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=eeda2c041c4df63d189420ca82e94a80


Cortisol Awaking Response (CAR): The most important 
“single point”
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Dried Urine vs Saliva CAR and Diurnal Patterns

All rights reserved © 2021 Precision Analytical Inc. 

Precision Analytical Data
N=68

Newman M, et al. J Clin Transl Endocrinol. 2020



Research Component of Diurnal Cortisol

PloS one. 10. e0126637. 10.1371/journal.pone.0126637. 



Cortisol Awakening Response is both a natural 
phenomena, and a biomarker (i.e., the measure 
of cortisol from waking to ~1 hour post 
awakening

Measuring this as a biomarker in the literature 
includes lots of issues, mostly due to sampling 
errors.



Timing is Critical for CAR Research



What day did 
your patient 

take their 
cortisol test?

How did this 
influence the 

results?



http://www.sciencedirect.com.ezproxy.library.wisc.edu/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6TBX-51NF026-1&_image=B6TBX-51NF026-1-3&_ba=&_user=443835&_coverDate=12/09/2010&_rdoc=1&_fmt=full&_orig=gateway&_cdi=5154&_pii=S0306453010002817&view=c&_isHiQual=Y&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=103f33879e9a36e88223c0313b5fb4ff


Ovulation can affects CAR

http://www.sciencedirect.com.ezproxy.library.wisc.edu/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6TBX-51Y44X8-1&_image=B6TBX-51Y44X8-1-3&_ba=&_user=443835&_coverDate=01/14/2011&_rdoc=1&_fmt=full&_orig=gateway&_cdi=5154&_pii=S030645301000315X&view=c&_isHiQual=Y&_acct=C000020958&_version=1&_urlVersion=0&_userid=443835&md5=bfa42d49961d1aeefa94255ffb9aef41




Sleep quality and (CAR) 
The moderating role of physical activity

• 275 police officers (age = 42 years ± 8.3, 27% 
women) Buffalo-NY

• Provided four salivary cortisol samples (on 
awakening and 15, 30, and 45 min after 
awakening). 

• Hours of leisure time physical activity were 
assessed using the Seven-Day Physical 
Activity Recall questionnaire. 

• Sleep quality (good/poor) was evaluated 
using the Pittsburgh Sleep Quality Index 
(PSQI) scale. 

• Analyses were stratified by participant level 
of reported LTPA (sufficiently vs. 
insufficiently active, defined as ≥ 150 vs. < 
150 min/week of moderate intensity activity, 
respectively). 



Cortisol Measured Correctly and 
at the Right Times can be a 
Window to Many Things.

• The Relationship between a Stressor and 
its Metabolic Effects

• The Resilience of a Person’s Stress 
Response System to withstand additional 
Stressors (reserve capacity)

• How Acute and Chronic Stressors have 
affected the Circadian nature of the HPA 
axis

• The most likely therapies or changes that 
can increase a person’s ability to improve 
HPA axis mediated functions.

Cortisol has become 
the best surrogate 

marker for this whole 
pathway



Summary for Now…
• Understand that you are not measuring “adrenals” but the HPA 

axis, both stress-induced alterations and the patient’s circadian 
rhythms.

• Timing is crucial for interpretation, ensure this was done right
• Know the research behind why diurnal measures of cortisol are 

so important to understand Fx rather than Dx
• There is more: Urinary metabolites, provocation tests, 

suppression tests, measuring status quo vs. altering parameters 
(light after awakening, post-therapy changes)

• We are just at the beginning of our understanding of how 
measuring Cortisol help us understand health and we didn’t 
even mention DHEA!
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Second Edition- Published in November of 
2020

Available in Print and eBook (PDF-format)

Expansion from our first edition includes 
discussion of the HPA axis and the 
endocannabinoid system, memory and brain 
function, and thyroid functions

Each section is updated with current 
information and references, including an 
expansion of therapeutic solutions

Available at: www.pointinstitute.org

http://www.pointinstitute.org/


Thank you !

t.guilliams@pointinstitute.org
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