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• Understand the role sex hormones play in the body
• Review the physiology of thyroid hormone function
• Examine estrogen metabolism in the body
• Review the function of melatonin
• Explore genetics

Objectives for This Presentation







• Hormones influence each other
• Metabolic hormones (i.e. insulin) form the base of the pyramid 

and can impact other hormones
• The pyramid is bidirectional
• Colored circles next to the pyramid represent functional 

imbalance scores, indicating the relative need for therapeutic 
support:

– Green: Low need for support
– Grey: Optional need
– Yellow: Moderate need
– Red: High need for support

• Comprehensive hormone testing is helpful for identifying root 
causes of imbalance. 

– For instance, a patient with hypothyroidism might actually have an adrenal 
imbalance driving the thyroid issue.

– Correcting the root cause (like an adrenal imbalance) might also correct 
other imbalances (like thyroid imbalance).

– Both adrenal and thyroid imbalances can affect sex hormone levels
• Comprehensive panels are also helpful for identifying imbalances 

in multiple areas

The Hormonal Pyramid in the Endo+

Genova’s Endo+ Support Guide, 2024.
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• Unrivaled Comprehensive Evaluation: The 
most thorough hormone assessment 
available 

• Modular Testing: Build a personalized 
profile for each patient

• Dynamic Reporting: A synthesized view of 
hormonal interplay, enhancing patient care

• Cost-Effective Solutions: The more you 
add, the more you save, making 
comprehensive care accessible

Why Endo+ Stands Out



Hormone 
Movements 
Pertinent to 
Specimen 
Type

Genova’s Endo+ Support Guide, 2024.



Choosing Sample Types
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CORTISOL AWAKENING RESPONSE
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THE CORTISOL AWAKENING RESPONSE

• The cortisol awakening response (CAR) is an increase between 38% and 75% 
in cortisol levels peaking 30-45 minutes after awakening in the morning in 
some people. 

• Evidence suggests the function of the CAR may be related to arousal, energy  
boost and/or anticipation. However, its precise function is not known. 

• This rise is superimposed upon the late-night rise in cortisol which occurs 
before awakening.
– Elder, Greg., et al., “"The cortisol awakening response – Applications and implications for 

sleep medicine,” Sleep Medicine Rev 2014; 18(3): 215–24.



THE 
CORTISOL  

AWAKENING 
RESPONSE  

(CONT. ) This occurs through the hypothalamus’s production of 
corticotropin-releasing hormone (CRH). This production 
is subject to circadian rhythm and the day/night cycle. 

Widmarier, E., et al., Vander's Human Physiology: The Mechanisms of 
Body Function (14th Ed.). New York, NY: McGraw Hill, 2016., p. 335.

Cortisol is released from the adrenal glands after 
stimulation by ACTH release from the pituitary. 



THE 
CORTISOL  

AWAKENING 
RESPONSE  

(CONT. )

In the cortisol awakening response, the 
hypothalamic-pituitary-adrenal (HPA) 
axis is controlled by the hippocampus. 

Therefore, the CAR is absent in the 
following situations:

• Bilateral and unilateral hippocampus damage
• Hippocampal atrophy
• Severe amnesia
• Presumed damage to the temporal lobe
• Absent temporal lobe

• Wolf, O., et al., “No morning cortisol response in patients with 
severe global amnesia,” Psychoneuroendocrinology 2005; 
30(1):101–05.



THE CORTISOL AWAKENING RESPONSE (CONT.)

• Patients with a larger hippocampus have a greater cortisol awakening 
response.
– Pruessner, M., et al., "The associations among hippocampal volume, cortisol reactivity, 

and memory performance in healthy young men,” Psychiatry Res 2007; 155(1):1–10.



THE CORTISOL AWAKENING RESPONSE (CONT.)

• It is also possible that the suprachiasmatic nucleus, which is the light-
sensitive biological clock, plays a role in regulation of the cortisol 
awakening response.
– Fries, Eva., et al., “"The cortisol awakening response (CAR): Facts and future 

directions,” Inter Jour Psychophysiology 2009; 72(1): 67–73.



FUNCTION OF THE CORTISOL AWAKENING 
RESPONSE

• The function of the cortisol awakening response is not known.
• It may be linked with a stress-related preparation in regard to the 

upcoming day by the hippocampus.
– Law, R., et al., “The cortisol awakening response predicts same morning executive 

function; results from a 50-day case study,” Stress 2015; 18(6):616-21.



DIFFERENT RESPONSES 

• Morning people show a larger cortisol awakening response than 
people who are not. 
– Kudielka, B., et al., "Morningness and eveningness: the free cortisol rise after awakening 

in ‘early birds’ and ‘night owls,’” Biol Psychol 2006; 72(2):141–46.



DIFFERENT RESPONSES (CONT.)

• The response is decreased with more pain that the patient is in.
– Fabian, L., et al., “The association of the cortisol awakening response with experimental 

pain ratings,” Psychoneuroendocrinology 2009; 34(8):1247-51.



DIFFERENT RESPONSES (CONT.)

• If the patient has significant fatigue the cortisol response shows a low 
rise and flat plateau.
– Kumari, M., et al., “Cortisol secretion and fatigue: associations in a community based 

cohort,” Psychoneuroendocrinology 2009; 34(10):1476-85.



DIFFERENT 
RESPONSES 

(CONT.)

The lower the individual’s socioeconomic 
status, the higher their cortisol awakening 
response particularly in people as they age.
• Wright, C., et al., “ "Subjective socioeconomic position, 

gender and cortisol responses to waking in an elderly 
population,” Psychoneuroendocrinology 2005; 30(6):582–
90.

A study showed that material hardship alters 
the diurnal rhythm of salivary cortisol. 

• Ranjit, N., et al., “Material hardship alters the diurnal 
rhythm of salivary cortisol,” Int Jour Epidemiol 2005; 
34(5):1138-43.



STRESS

• The cortisol awakening response is increased when the patient wakes 
up on a day they are going to work versus a work-free day or work-free 
weekend.
– Thorn, L., et al., “Suspected non-adherence and weekend versus week day differences in 

the awakening cortisol response,” Psychoneuroendocrinology 2006; 31(8):1009-18.
– Schlotz, W., et al., “Perceived work overload and chronic worrying predict weekend-

weekday differences in the cortisol awakening response,” Psychosom Med 2004;  
66(2):207-14.



STRESS (CONT.)

• The response is increased when an individual is overloaded with work.
– Steptoe, A., et al., “Job strain and anger expression predict early morning elevations in 

salivary cortisol,” Psychosoma Med 2000; 62(2):286-92.



STRESS (CONT.)

• The response is increased when the stress is chronic.
– Schlotz, W., et al., “Perceived work overload and chronic worrying predict weekend-

weekday differences in the cortisol awakening response,” Psychosom Med 2004; 
66(2):207-14. 

– Wust, S., et al., “Genetic factors, perceived chronic stress, and the free cortisol response 
to awakening,” Psychoneuroendocrinology 2000; 25(7):707-20. 



STRESS (CONT.)

• Acute stress elevates the cortisol awakening response. 
– Rohleder, N., et al., “Stress o the dance floor: the cortisol stress response to social-

evaluative threat in competitive ballroom dancers,” Pers Soc Psychol Bull 2007; 33(1):69-
84. 



STRESS (CONT.)

• When the patient is “burnt out” the cortisol awakening response can 
be high, low, or normal.
– DeVente, W., et al., “Physiological differences between burnout patients and healthy 

controls: blood pressure, heart rate, and cortisol responses,” Occup Environ Med 2003; 
60(Suppl 1):i54-61.

– Pruessner, J., et al., “Burnout, perceived stress, and cortisol responses to awakening,” 
Psychosom Med 1999; 61(2):197-204. 

– Mommersteeg, P., et al., “Clinical burnout is not reflected in the cortisol awakening 
response,” the day-curve or the response to a low-dose dexamethasone suppression test,” 
Psychoneuroendocrinology 2006; 31(2):216-25. 

– Grossi, G., et al., “The morning salivary cortisol response in burnout,” Jour Psychosom Res 
2005; 59(2):103-11.



SLEEP

• Waking up early drives up the cortisol awakening response.
– Kudielka, B., et al., “Awakening cortisol responses are influenced by health status and 

awakening time but not by menstrual cycle phase,” Psychoneuroendocrinology 2003; 
28(1):35-47. 



SLEEP (CONT.)

The cortisol awakening response only occurs after sleeping at night. 

In the study the students taking a nap of 1-2 
hours in the early evening from 6:45 pm to 
8:30 pm had no response.

Federenko, I., et al., “"Free cortisol awakening 
responses are influenced by awakening time,” 
Psychoneuroendocrinology. 2004; 29(2):174–84.



SLEEP (CONT.)

Shift work affects the cortisol awakening response. Hospital works working on the morning shifts that got up 
between 4 am and 5:30 am had a greater and prolonged 
cortisol awakening response compared to those on the 
late day shift between 6 am and 9 am. 
Federenko, I., et al., “"Free cortisol awakening responses are influenced by 
awakening time,” Psychoneuroendocrinology. 2004; 29(2):174–84.



SLEEP (CONT.)

• Another study revealed that the greater response may be due to stress 
and impaired sleep quality before an early morning shift.
– Williams, E., et al., “The impact of time of waking and concurrent subjective stress on the 

cortisol response to awakening,” Psychoneuroendocrinology 2005; 30(2):139-48. 



SLEEP (CONT.)

• Study showed that there was no rise in the level after nights with 
traffic-like low-frequency noise.
– Waye, K., et al., “Effects of nighttime low frequency noise on the cortisol response to 

awakening and subjective sleep quality,” Life Sci 2003; 72:(8):863-75.



SLEEP (CONT.)

• The cortisol awakening response is higher when people wake up in 
light rather than darkness.
– Scheer, F., et al., “Light affects morning salivary cortisol in humans,” Jour Clin Endocrinol 

metabol 1999; 84(9):3395-98. 
– Thorn, L., et al., “The effect of dawn simulation on the cortisol response to awakening in 

healthy participants, “ Psychoneuroendocrinology 2004; 29(7);925-30. 



SLEEP (CONT.)

• Aspirin has been found to decrease the response due to its action 
upon ACTH.
– Watson, S., et al., “Effect of aspirin on hypothalamic-pituitary-adrenal function and on 

neuropsychological performance in healthy adults: a pilot study,” Psychopharmacology 
2009; 205(1):151-55. 



SLEEP (CONT.)

• An alarm clock versus waking up spontaneously does not affect the 
cortisol awakening response.
– Wust, S., et al., “The cortisol awakening response—normal values and confounds,” Noise 

Health 2000; 2(7):79-88. 



NEUROPSYCHIATRY

• Studies have revealed that an elevated CAR is associated with major 
depression.
– Holsboer, F., “Stress, hypercortisolism and corticosteroid receptors in depression: 

Implication for therapy,” Jour Affect Disord 2001; 80:125–33.
– Van Santen A., et al., “Psychological traits and the cortisol awakening response: Results 

from the Netherland study of depression and anxiety,” Psychoneuroendocrinology 2001; 
36:240–48.

– Adam, E., et al., “Prospective prediction of major depressive disorder from cortisol 
awakening responses in adolescence,” Psychoneuroendocrinology 2010; 35:921–31.



NEUROPSYCHIATRY (CONT.)

• An elevated cortisol awakening response has also been associated with 
anxiety disorders.
– Mantella, R., et al., “Salivary cortisol is associated with diagnosis and severity of late life 

generalized anxiety disorder,” Psychoneuroendocrinology 2008; 33:773–81.
– Vreeburg, S., et al., “Salivary cortisol levels in persons with and without different anxiety 

disorders,” Psychosom Med 2010; 72:340–47.



NEUROPSYCHIATRY (CONT.)

• One of the largest studies related to the cortisol awakening response 
showed that adults (average age of 44 years) with a diagnosis of 
depression or anxiety disorder had an elevated CAR.
– Vreeburg, S., et al., “Major depressive disorder and hypothalamic-pituitary-adrenal axis 

activity: Results from a large cohort study,” Arch Gen Psychiatry Jour 2009; 66:617–26.



RELAPSING-
REMITTING 
MULTIPLE 
SCLEROSIS

• Increased cortisol awaking 
response is associated with 
relapsing-remitting multiple 
sclerosis. 
– Kern, S., et al., “Circadian 

cortisol, depressive symptoms 
and neurological impairment in 
early multiple sclerosis,” 
Psychoneuroendocrinology 
2011; 36:1505–12.



UPPER 
RESPIRATORY 

SYMPTOMS

• Elevated CRP is associated 
with upper respiratory 
symptoms.
– Edwards, S., et al., “Components of 

the diurnal cortisol cycle in relation 
to upper respiratory symptoms and 
perceived stress,” Psychosom 
Med 2003; 65: 320–27.



VISCERAL 
OBESITY

• High cortisol awakening 
response has been found to 
be associated with visceral 
obesity.
– Steptoe, A., et al., “Central 

adiposity and cortisol responses to 
waking in middle-aged men and 
women,” Int Jour Obes Relat Metab 
Disord 2004; 28:1168–73.



METABOLIC 
SYNDROME

• High cortisol awakening 
response is found in women 
with metabolic syndrome.
– Bengtsson, I., et al., “The cortisol 

awakening response and the 
metabolic syndrome in a 
population-based sample of 
middle-aged men and women,” 
Metabolism 2010; 59:1012–19.



TYPE 2 
DIABETES

• Low cortisol awakening 
response is associated with 
type 2 diabetes.
– Bruehl, J., et al., “A blunted cortisol 

awakening response and 
hippocampal atrophy in type 2 
diabetes mellitus,” 
Psychoneuroendocrinology2009;  
34: 815–21.



CHRONIC 
FATIGUE 

SYNDROME

• Low CAR is associated with 
chronic fatigue syndrome.
– Nater, U., et al., “Attenuated 

morning salivary cortisol 
concentrations in a population-
based study of persons with 
chronic fatigue syndrome and well 
controls,” Jour Clin Endocrinol 
Metab 2008; 93:703–09.

– Roberts, A., et al., “Salivary cortisol 
response to awakening in chronic 
fatigue syndrome,” Brit Jour 
Psychiatry 2004;  184: 136–41.



HYPERTENSION

• Low cortisol awakening 
response has been found to 
be associated with systemic 
hypertension. 
– Wirtz, P., et al., “Evidence for 

altered hypothalamus-pituitary-
adrenal axis functioning in 
systemic hypertension: blunted 
cortisol response to awakening and 
lower negative feedback 
sensitivity,” 
Psychoneuroendocrinology 2007; 
32:430–36.



GI 
DISORDERS

• Low cortisol awakening 
response is seen in functional 
GI disorders.
– Bohmelt, A., et al., “Basal and 

stimulated hypothalamic-pituitary-
adrenal axis activity in patients with 
functional gastrointestinal disorders 
and healthy controls,” 2005; 
67:288–94.



CORTISOL AWAKENING RESPONSE
As you have seen, it is important to order a cortisol awakening 

response when you order salivary testing. Fortunately, it is 
part of the Endo+ test. 



• This is a 32-year-old female with the chief complaint of weight gain.
• PH: unremarkable
• SH: employed as a computer analysist. She works for a company in England and therefore 

starts her workday at 4am every day. Patient has a poor diet. She rarely has breakfast and 
eats sugar throughout the day.

• FH: + mother has hypothyroidism. Father is hypertensive. Maternal grandmother died in a 
car accident at the age of 51. Maternal grandfather has heart disease. Paternal 
grandmother is healthy. Maternal grandfather has Parkinson’s disease.

• Meds: none
• Vitamins: MVI, melatonin 3 mg qhs
• ROS: + anxiety and insomnia. Patient has some fatigue. Cycles are regular and every 28 

days.

Case #1



What Do You Want To Do With This Patient?



Case #1: 
32 y/o female
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Case #1: 
32 y/o female



Case #1: 
32 y/o female



• Decrease estrogen with phase I (hydroxylation) and phase II (methylation and 
glucuronidation) pathways of detoxification of the liver. Hydroxylation yields three 
estrogen metabolites that vary greatly in activity: 2-hydroxyestrone (2-OH), 16-
hydroxyestrone (16-OH), and 4-hydroxyestrone (4-OH). Phase III estrogen 
detoxification happens in the GI tract. Therefore, there is a link between estrogen 
dominance and gut health

• Start testosterone 1.0 mg cream.
• D/C melatonin. 
• Start stress reduction techniques. Start adaptogenic herbs and calming herbs. 
• Repeat FSH and LH and sex hormones by saliva in 3 months.
• Decrease sugar intake.

Case #1 (Cont.)



• This is a 43-year-old female who presents with fatigue. She has not felt well since 
she had COVID-19 three months ago.

• PH: COVID -19 three months ago. S/P right ankle surgery due to fracture at age 19 
secondary to a skiing accident.

• SH: patient is a schoolteacher. Her husband is stationed overseas in the marines.
• FH: mother is healthy. Father has hypertension. 
• Meds: none
• Vitamins: none
• ROS: unable to exercise vigorously since she had COVID. 

Case #2: 43 y/o female



What Do You Want To Do With This Patient?



Case #2: 
43 y/o female
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Case #2: 
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Case #2: 
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Case #2: 
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Case #2: 
43 y/o female



Case #2: 
43 y/o female



• Her vitamin D level was 29 which is not surprising considering her genetic test.
• Start D3 3,000 IU daily.
• Since the patient has + thyroid antibodies. Do a GI effects test. 
• After fixing her gut, start the patient on LDN.
• Stress reduction techniques.
• Start adaptogenic herbs: rhodiola, ginseng, Ashwagandha.
• Order an U/S of the thyroid to see if the patient has thyroiditis.

Case #2 (Cont.)



• Reverse T3 is upper limit of normal. COVID long-haul is an autoimmune 
mitochondrial illness. Start the following nutrients:
– Magnesium glycinate: 400 mg daily
– Coenzyme Q-10: 300 mg daily
– Alpha lipoic acid: 300 mg daily
– Measure TMAO levels. If normal: Start L-carnitine 2,000 mg daily if the patient has normal renal 

function
– D-ribose: 15 grams (5 grams three times a day)
– Nitric oxide: two daily

Case #2 (Cont.)



• This is a 58-year-old female who presents to the office with the chief complaint 
that she does not feel well. She has gained 30 pounds since starting hormones. 

• PH: S/P tonsillectomy, S/P right shoulder surgery
• SH: patient is a nurse practitioner
• FH: mother has CAD and cataracts. Father died three years ago from COVID related 

symptoms. She has one sister who she is estranged from.  
• Meds: progesterone 225 mg qhs
• Vitamins: MVI, calcium, magnesium, probiotic, EPA/DHA 2,000 mg, vitamin D 5,000 

IU, lipoic acid 100 mg, coenzyme Q-10 100 mg
• ROS: + anxiety, mood swings, incontinence, fatigue, breast swelling, and 

tenderness

Case #3: 58 y/o female



What Do You Want To Do With This Patient?



Case #3: 
58 y/o female
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Case #3: 
58 y/o female



• Decrease progesterone 175 mg E4M qhs
• Start DHEA 5 mg E4M qm 
• Start testosterone 1.0 mg cream
• Start biest cream 0.75 mg cream
• Start adaptogenic herbs
• Start stress reduction techniques
• Return in 3 months for reevaluation.

Case #3 (Cont.)

S



• As you have seen the new Endo+ test is a wonderful way of evaluating the patient 
with all the necessary information contained in one test!

Endo +



Thank You

Explore 

WWW.GDX.NET 
for more information and 

educational resources, including… 

GDX Learning Library – Brief video modules
and previous webinar recordings

Conferences – Schedule of events we attend
Test Menu – Detailed test profile information

________

MY GDX – Order materials and get results

Pamela W. Smith, MD, MPH, MS
faafm63.yahoo.com

personalizedmedicinecertification.com
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