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https://www.zrtlab.com/webinars/cortisol-dysregulation-in-metabolic-syndrome/
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OUR STRESS EXPOSURE

EMOTIONAL PHYSIOLOGICAL ENVIRONMENTAL
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Stress Response

INSTINCT CULTURE

VS
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Affective disorders

Metabolic disease

Cardiovascular disease

Immune dysregulation

GI disorders
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ENDOCRINE 
SYSTEM

NERVOUS 
SYSTEM

IMMUNE 
SYSTEM
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HPA AXIS HYPOTHALAMUS

PITUITARY

ADRENAL 
GLANDS

CRH

ACTH

CORTISOL
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CORTISOL

increases 
blood sugar

suppresses 
immune system

fat, protein &  
carbohydrate 

metabolism

counteracts 
insulin

stress 
response

electrolyte 
balance
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CORTISOL

https://www.sciencedirect.com/topics/neuroscience/cortisol

energy 

mobilization

=
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HPA AXIS & 
SYMPATHETIC
NERVOUS 
SYSTEM

HYPOTHALAMUS

PITUITARY

ADRENAL 
GLANDS

CRH

ACTH

CORTISOL
NOREPINEPHRINE

EPINEPHRINE “fight or flight”
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SYMPATHO-ADRENAL SIGNALING
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HYPOTHALAMUS

PITUITARY

ADRENAL 
GLANDS

CRH

ACTH

cortex

medulla

ADRENAL ANATOMY
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PNMT
NE EPI
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PNMT
NE EPI

cortisol
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HPA AXIS – CORTISOL

Sympatho - adrenal 

nervous system –

NE & EPI
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VS

Sympathetic 

nervous system
HPA AXIS - CORTISOL

FAST

SYMPATHETIC NERVES & ADRENAL 
MEDULLA

DIURNAL PATTERN

SLOW, SUSTAINED

ADRENAL CORTEX

CIRCADIAN REGULATION
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Sympathetic 

nervous system
HPA AXIS - CORTISOL
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Sympathetic 

nervous system
HPA AXIS - CORTISOL
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Sympathetic 

nervous system
HPA AXIS - CORTISOL
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Sympathetic 

nervous system
HPA AXIS - CORTISOL
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CIRCADIAN ALIGNMENT

Gamble, et. al. 2014 Nat. Rev. Endocrinol. 10 

CIRCADIAN MISALIGNMENT

STRESS
Irregular feeding times

Artificial light

HYPERACTIVATION OF HPA AXIS

LOSS OF CORTISOL PULSATILITY 

Decreased exercise

Disrupted sleep

MALADAPTATION OF HPA AXIS

INAPPROPRIATE INFLAMMATION RESPONSE
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CIRCADIAN ALIGNMENT

Gamble, et. al. 2014 Nat. Rev. Endocrinol. 10 

CIRCADIAN MISALIGNMENT

STRESS
Irregular feeding times

Artificial light

HYPERACTIVATION OF HPA AXIS

TOO MUCH CORTISOL @ INAPPROPRIATE TIMES

Decreased exercise

Disrupted sleep

MALADAPTATION OF HPA AXIS

INAPPROPRIATE INFLAMMATION RESPONSE
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ENDOCRINE 
SYSTEM

NERVOUS 
SYSTEM

IMMUNE 
SYSTEM
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CENTRAL
CIRCADIAN 
RHYTHMS

PERIPHERAL
CIRCADIAN 
RHYTHMS

Adapted from Voigt, et. al. 2016 International Reviews of Neurobiology 131

LIGHT-DARK CYCLES 

TIME OF EATING
TIME OF EXERCISE
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Voigt, et. al. 2016 International Reviews of Neurobiology 131

SCN IN THE HYPOTHALAMUS

THE MOLECULAR 
CIRCADIAN 
CLOCK 

© 2019 ZRT Laboratory



Voigt, et. al. 2016 International Reviews of Neurobiology 131

SCN IN THE HYPOTHALAMUS

THE MOLECULAR 
CIRCADIAN 
CLOCK 

NEGATIVE 
FEEDBACK 
INHIBITION 
IS CRITICAL
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Nicolaides, et. al. 2017 Frontiers in Endocrinology 8 (70) © 2019 ZRT Laboratory
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CHRONIC STRESS LEADS TO 
DESYNCHRONIZATION

↑↑

CORTISOL

GLUCO-

CORTICOID 

RECEPTOR
DESENSITIZATION

LOSS OF 

NEGATIVE 

FEEDBACK

↑↑↑↑

CORTISOL

LOSS OF 

CORTISOL 

PULSATILITY

DESYNCHRONIZATION
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CIRCADIAN 

DYSREGULATION

AFFECTIVE 

DISORDERS

Bunney 2015 Mol Psychiatry 20(10)

METABOLIC & 

CARDIOVASCULAR 

DISEASE

Maury 2010 Circ Res 106(3)

CANCER

Lin 2018 Front Endocrinol 9(219)

MICROBIOME

DISRUPTION

Voigt 2016 Int Rev of Neurobiol 131

NEURODEGENERATIVE 

DISEASE

Abbott 2016 Nature and Science of Sleep 8
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CLINICAL 
APPLICATION
Circadian Rhythms –
Assessment to Treatment
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Chronodisrupted
States

• Alzheimer’s

• Bipolar

• Cancer

• Cardiovascular Disease (and ↑ events)

• Depression

• Diabetes (Type 2)

• GI Problems (IBS, IBD, etc)

• Hypertension (non-dippers, esp)

• Insomnia (+ other sleep problems)

• Liver Diseases (NASH, NAFLD, HCC)

• Obesity

• Parkinson’s

• Sleep Apnea
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Symptoms of Chronodisruption

• Anxiety

• Depression

• Emotional disturbances

• Fatigue

• Foggy thinking “brain fog”

• Metabolic syndrome constellation

• Pain

• Perceived stress

• Sleep problems

• Weight gain

Red Flags in the history:

Advanced age

Cancer history

Cardiovascular events

Complicated presentations

Obstructive sleep apnea
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Central Clock Considerations
Sleep 

History

• Bedtime practices

• Sleep hygiene

• Sleep latency

Pineal 
Calcification

• Assess likelihood

• Pt age, HTN, renal 
dz, history of 
chemo or radiation, 
schizophrenia….

Concurrent 
Meds

• Beta blockers

• Long term 
fluoxetine

• NSAIDs

Light/Dark

Melatonin
SCN-HT
Pineal
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Melatonin Roles

• Anti-inflammatory

• Anti-oxidant

• Centrally sedating (melatonin 
comes up, NE and cortisol 
come down)

• Gut immune modulator

• ↑ Insulin sensitivity/ 
Hypoglycemic

• Maintain leptin sensitivity

Why doesn’t melatonin 
monotherapy always work?
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Peripheral Clocks 
Synchronize 
Around Cortisol 
Rhythm

Diurnal 
Rhythm of 

Cortisol

Immune

Liver/GI

Lung
Cardio

Renal

Brain
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Peripheral Clocks - Adrenal

Cortisol

HPA Axis

SCN–ANS

Local 
Adrenal 

Clock

NE
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Local Adrenal Clock Mediators

NOT UNDER HPA 
AXIS CONTROL

MAINTAINED BY 
SCN-ANS

FOOD 
ENTRAINABLE

Immune/Inflammation
(TNFα, IL-6, VIRUSES)

Sympathetic 

NS Activity

(NE + EPI)

Dysglycemia

(Insulin, Glucose

Glucagon)
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Assessing 
Sympathetic 

Activity

• Urinary NE → sympathetic tone/activity

• Urinary Epi → adrenal activity in response to 
sympathetic activity

• AND disrupted daily rhythms of NE and/or Epi 
desynchronize peripheral clocks 
• Through cortisol
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Testing for Synchronization

• Central Clock
• Diurnal Melatonin (urine or saliva*)

• Peripheral Clocks
• Diurnal Cortisol (urine or saliva)
• Diurnal Norepinephrine (urine)
• Diurnal Epinephrine (urine)

• Dried Urine: 4 samples collected
• Waking, waking + 2hr, evening, bed

*Possible problems with sampling during sleeping hours
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Diverse 
Approach

Protect clock synchrony

• Reprogram stress response (adaptogens, nervines, 
meditation, neurofeedback)

• Reinforce conscious, habitual, diurnal schedule if possible 
with respect to light/dark cycle (sleep hygiene, melatonin, 
BLT, exercise)

• Eat with intention (breakfast, shorten feeding hrs, high 
fiber)

• Control inflammatory responses (COX/LOX/Cytokines -
polyphenols, ginsenosides, berberine, curuminoids, etc)

• Support immune activity (TH1/TH2 balance, antiviral 
therapies)

• Protect the microbiome and maintain gut health (fiber, 
pre- and probiotics. Antimicrobials, motility)
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CASES
Shifting Circadian Rhythms –

Create a Foundation for Health
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Breast Cancer

63 YO POST-
MENOPAUSAL FEMALE

THERAPIES:
None

SYMPTOMS:
BREAST CANCER
Aches and pains
Anxious
Depressed
Foggy thinking
Fatigue
Tearful
Panic attacks
Weight gain
Constipation
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Sephton et. al. 2000 J Natl Cancer Inst Jun 21; 92(12)

Breast 
cancer

Controls
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Qiao, G. et. al. 2018 Frontiers in Immunology 9 © 2019 ZRT Laboratory
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What else can 
lower NE levels?
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Meditation between the first and second 
voids creates a predictable and precipitous 

drop in both NE and EPI 

They then appear to resume their 
typical diurnal pattern (hyper)

MEDITATION 

MEDITATION
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Qiao, G. et. al. 2018 Frontiers in Immunology 9

Review of Findings

• Peripheral Clock

– Flattened Cortisol Rhythm

– Elevated NE with loss of curve

– Elevated Epi with loss of curve

• Central Clock

– MT6s low with flattened curve
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Breast Cancer

• Melatonin + Bright Light Therapy
• Continuous replacement

• Decrease Sympathetic Tone
• Biofeedback
• Meditation, Mindfulness, etc
• Vitamin D3 (tx to 50-80)
• Bacopa 200 mg BID
• Beta-blockers (tissue fx)

• Adaptogens
• DHA (450 mg)
• Rhodiola (200 – 600mg)

• Phytochemicals
o Isoflavones
o Epigallocatechin gallate 

(EGCG)
o Resveratrol
o Lignans
o Curcumin
o Carotenoids
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Insomnia

25 YO MALE

THERAPIES:
Duloxetine
Nicotine patch

SYMPTOMS:
Sleeping difficulty
Depressed
Anxious
Mental fatigue
Physical fatigue AM/PM
Panic attacks
Burned out feeling
Decreased stamina
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Review of Findings

• Peripheral Clock
– Cortisol and cortisone 

elevated at bed

– NE elevated throughout

– Epi curve intact, high am

• Central Clock
– Duloxetine may increase 

MT6s excretion
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Treatment Considerations
• Add 30 minutes Bright Light Therapy am + 

good sleep hygiene practices QHS + Brkfst

• Decrease Sympathetic Tone
• Biofeedback for at-home use BID
• Meditation or mindfulness practice
• GABA 200 mg TID
• Nervines

• Valerian Root 200 -600 mg daily
• Chamomile 500 – 1500 mg daily

• N-acetylcysteine 1200 mg upon waking

• Adaptogens
• Ashwagandha 500mg QHS
• Phosphatidylserine 100 – 500mg QHS
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Chronic Pain

61 YO MALE

THERAPIES:
Simvastatin
Calcium
Vitamin D3

SYMPTOMS:
Joint pain
Back/knee pain
Weight gain
Muscle soreness
Hot flashes/night sweats
Fatigue am/pm
Sleep disturbed
High cholesterol
Forgetful
↓ stamina
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Review of Findings

• Peripheral Clock
– Hypercortisol am and pm, 

low during day

– Elevated NE through day

– Elevated EPI through am

• Central Clock
– Low melatonin, curve 

preserved somewhat
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Treatment Considerations

• Melatonin 5mg QHS (mb + bright light 
therapy)

• “Eat breakfast” rx + Yoga practice 4 days a wk

• Inflammation
• Polyphenols – quercetin, curcumin
• EPA w/ DHA – 1200/800 or higher

• Pregnenolone and CoQ10 (Simvastatin)

• Adaptogens and Nervines
• Liposomal Curcumin 2g daily
• Passion flower, Hops, Valerian, etc
• Bacopa monnieri 200mg BID (cognitive)
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CIRCADIAN 

RHYTHMS

TREAT

IMPLICATIONS FOR 

HEALTHY AGING

BASIS OF HEALTH 

AND DISEASE

IMPLICATIONS FOR 

LONG TERM HEALTH

TEST
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DR ALLISON SMITH

DR KATE PLACZEK 
INFO@ZRTLAB.COM

Thank you!

Questions?
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Appendix
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Using Melatonin to 
Entrain the Clock
• Replacement – 0.3 – 1 mg an hour 

before sleep is desired

• Phase advancing – 0.3 – 2mg 6 hours 
before baseline bedtime +30 min 
bright light therapy after waking 
(1.5hr advance)

• Phase delaying – dose melatonin 
early in the day, bright light therapy 
at night

• Much higher doses used in 
condition-specific studies
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Using Light Therapy to Entrain 
Central and Peripheral Clocks

Bright Light Therapy (BLT)
5,000 – 10,000 lux 

30-60 minutes at desired waking

Narrow Spectrum Blue Light 
Therapy

470 nm

45 minutes at desired waking
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Using Cortef to Entrain 
Peripheral Clocks

• 6 days of 20 mg Cortef in the 
afternoon shifted peripheral clocks 
9.5 – 11.5 hours

• Acute admin ↑cortisol and PER1 
activity and 6 days adjusted BMAL1 
and PER 2-3 activity in immune cells

• Melatonin (central clock) was not 
affected by Cortef

Cuesta, M., et al. Glucocorticoids entrain molecular clock components in

human peripheral cells. FASEB, 2015.
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Using Diet to 
Entrain Clock

• High fat and CHO (SAD) Diet

• Associated with phase delay and metabolic 
syndrome

• Ketogenic Diet

• Associated with phase advance

• Intermittent Fasting

• Mixed in humans – but seems to affect circadian 
rhythm

• Early Time Restricted Feeding (eTRF)

• 6-7 hours of eating per day only – front loaded 
toward brkfst

• Fast the rest of the day and night

• Daily breakfast

• Research on breakfast skippers → obesity, HTN
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Using Biofeedback 
to Control 
Peripheral Clocks

• WELLBE bracelet

• Oura ring

• HeartMath

• Equisync

• Elite HRV
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