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Below 144 ng/mL
↑ Adrenal deficiency

in children with
meningococcal 

disease
(Bone, 2002)

Below 93 ng/mL
↑ Mortality after

stroke in later life
(Marklund N,

2004)

Cortisol Deficiencya hormone level within the reference 
range. 
 Both low and high serum cortisol 
levels within the reference range are 
associated with increased risks of 
pathology and mortality. Hormone levels 
are not necessarily adequate when they 
are within the “normal” range between 
the upper and lower reference limits of 
the laboratory tests. On the contrary, 
for most hormones – including cortisol – 
scientific research has shown that many 
serum levels within the reference range 
are significantly associated with disease 
and even mortality.130-150 
 Researchers have shown that serum 
cortisol levels within the reference range 
but near the lower reference limit are 
usually inadequate because they are 
associated with an increased likelihood 
of disease, suggesting that these lower 
levels within the reference range should 
also be treated. In my experience, 
borderline low limits are also associated 
with complaints and physical signs of 

were associated with better outcome 
than lower levels in some studies.
 Table 4 shows an overview of several 
of the studies showing the association 
of serum total cortisol levels within the 
reference range with increased risk of 
psychological and physical disease, and 
premature death.

Cortisol Binding Globulin (Transcortin)
 High serum levels of cortisol binding 
globulin (CBG or transcortin) often cause 
intracellular cortisol deficiency. For a 
correct evaluation, physicians should also 
check the serum level of cortisol binding 
globulin, the main plasma protein that 
binds cortisol and transports it to the 
target tissues. The ideal transcortin level 
in the plasma is situated at the average or 
slightly below the average of the reference 
range. High concentrations (positioned in 
the upper half of the reference range) to 
very high levels (above the upper limit) 
of CBG are usually excessive because 
they bind excessive amounts of cortisol, 

literally “imprisoning” cortisol in the 
blood.151 This cortisol sequestration 
in the blood prevents most of it from 
penetrating into target cells and exerting 
their beneficial effects, thus producing – 
at least a mild degree of – intracellular 
cortisol deficiency.
 A good example of excessive CBG levels 
with intracellular and, thus, physical and 
mental cortisol deficiency can be found in 
women who take birth control pills.152-153 
The estrogen compound of these pills 
makes the women’s livers overproduce 
transcortin through the accumulation of 
the pill’s estrogen compound in the liver 
after absorption.

Part 2 will address the treatments for 
cortisol deficiency.
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Table 4. Serum Total Cortisol Levels Within the Reference 
Range Associated with Increased Psychological and Physical 

Morbidity, and Mortality
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cortisol deficiency. Studies have also 
shown that cortisol levels near the 
upper limits may be associated with an 
increased risk of disease, suggesting that 
the optimal cortisol level in sedentary 
conditions should be an average level, 
neither too high nor too low. However, 
in stressful situations, cortisol levels may 
need to increase to provide additional 
energy to respond to the stress; this is 
the reason that levels near the upper limit 
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Above 320 ng/mL:
↑ chronic

insomnia and
memory problems
(Chen GH, 2016)

Upper 33%:
• ↑ Major

depression in
 later life
 (Bremmer, 2007)

• ↑ Mortality in
 systolic heart

 failure
 (Güder G, 2015)

Upper reference limit = 250 ng/mL = 690 nmol/L

Lower reference limit = 70 ng/mL = 193 nmol/L

Above 200 ng/mL ↑ Mortality
after stroke (Marklund N, 2004)

Optimal levels?

Mean = 160 ng/mL = 440 nmol/L

Lower 33%:
↑ Major

depression
in later life

(Bremmer,
2007)

Lower 75%:
↑ Mortality
in patients 
with acute
myocardial
infarction

(Reynolds,
2010)

At progressively lower levels: Increasingly greater psychological and physical morbidity

• ↑ fatigue and depression scores in victims of mobbing with adjustment disorders (Rocco A, 2007)
• ↓ alertness levels during wakefulness on EEG in healthy human subjects (Chapotot F, 1998)
• ↑ introversion, neuroticism (LeBlanc J, 2005) ↑ mania in sleep-deprived men (Song HT, 2015)
• ↑ severe psychopathic traits in violent male offenders (Holi M, 2006)
• ↓ memory for emotionally arousing information (Preuss D, 2007, Abercrombie HC, 2006 F)
• ↑ severity of dementia in women with depression and degenerative dementia (Bilikiewicz A, 1990)

• ↓ HDL cholesterol in elderly people, trend to ↑ carotid atherosclerosis, 
    ↑ waist to hip ratio and ↑ BMI (Varma, 1995)

• ↑ body mass index in men with sexual dysfunction (Kobori Y, 2009)
• ↑ morbidity and mortality in children with severe meningococcal disease (De Kelin, 2002)
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