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Summary
Cortisol has a normal physiological role in our bodies. However, we often associate cortisol only
with stress and in particular negative stress, and then we attempt to measure stress through
cortisol levels. Actually, cortisol levels in our bodies go up and down quickly and are naturally
timed with our day – night rhythm. This normal fluctuating cortisol variation allows our bodies
to turn on and off a stress response as needed. By contrast, a flat circadian cortisol variation
resulting from sleep deprivation, shift work, and depression denotes concern with normal
stress-adaptive responses that can affect daily activity and metabolism. While it is natural to
associate cortisol only with stress, cortisol mediates many processes and does both useful and
detrimental things.
Enjoy the article! And remember... cortisol has a normal physiological role in our bodies and
does many valuable things yet also can cause problems.
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Abstract
Cortisol has many roles not only in mediating the response to stress but also in the circadian rhythm, and it does so by both
genomic and nongenomic cellular and molecular mechanisms. Yet, it is common to associate cortisol only with stress and, in
particular, with the negative aspects of stress even though we would not survive without it. This commentary provides a brief
overview not only of the diverse roles of cortisol but also of how to measure it to get meaningful information in the context
of other mediators of stress and adaptation and the concepts of allostasis and allostatic load and overload. In particular, the
adaptive plasticity of the brain mediated by glucocorticoids and excitatory amino acids is discussed in relation to misconceptions about what constitutes brain damage. Thus the confusion with cortisol is that it does too many important things
both positive and negative!
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When we talk about stress and think about measuring
stress, we usually focus on cortisol, not fully understanding what it does. Cortisol is one of many mediators of
allostasis, the active process of adaptation to our environment and experiences, whether or not we consider
them ‘‘stressful.’’1 The sympathetic and parasympathetic
nervous system, the immune system, metabolic hormones, and many mediators in the brain and throughout
the body form a nonlinear network that responds to
experiences and changes in the environment to promote
adaptation and maintain homeostasis. When these
responses are used frequently, or when the network is
unbalanced (e.g., too much or too little cortisol or too
much or too little inﬂammatory mediators), then there is
a gradual cumulative change in systems throughout the
body, including the brain, that can result in disease and is
referred to as allostatic load or overload.2,3
Yet, we often hear that measuring our cortisol level
will tell us if we are stressed. This reﬂects a lack of information at multiple levels. First, a single measure of cortisol will tell us nothing since cortisol levels go up and
down within minutes. In fact, that ultradian pulsatility is
key to many of its adaptive eﬀects in the brain and body,
including aspects of gene expression and turnover of
synaptic connections in the cerebral cortex.4,5

Moreover, there is the day–night (diurnal) rhythm of
pulsating cortisol that goes up in the early morning and
wakes us up, then declines, except for a rise at lunch time,
and which is normally low in the evening before we go to
bed. This is important not only to coordinate daily activity and metabolism6 but also for a normal stress response
(turning it on when needed and turning it oﬀ when stress
is over)7 and for synaptic turnover that promotes motor
learning.8 A ﬂat circadian cortisol variation occurring
after sleep deprivation, after shift work, and in depression
undermines all these adaptive actions.6,9
There are several ways around the measurement problem—we can collect urine overnight or over the day or we
can measure cortisol in hair from the forehead10 which
gives us an even longer, over multiple days, index of our
cortisol production. Or we can measure cortisol in our
saliva at multiple times during the day or before, during
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and after a stressful challenge, such as talking about
something personal before a group of strangers.11 The
stressful challenge gives us a picture of the eﬃciency of
our allostasis, namely, turning on our cortisol when we
are challenged and need it and then turning oﬀ our cortisol response when the stressor is over.7 Failure to turn it
on when needed is deleterious—other systems that balance it, like inﬂammation, may over-react; failure to turn
it oﬀ when stress over produces negative eﬀects on metabolism and contributes to other processes, like obesity,
diabetes, anxiety, depression and other psychopathologies and eventual heart disease, that contribute to allostatic load/overload.1,2
A second thing we need to know is that the cortisol
response is not the ‘‘bad guy,’’ as it is often implied by its
elevation in the context of a bad experience; rather, cortisol has a normal physiological role not only helping us
adapt to stressors but also coordinating our metabolism
with our daily activity and sleep patterns.12 We would not
live very long or well without our cortisol! So let us not
blame it for our problems unless it stays elevated when it
should not be or is not turned on when we need it! For
example, we have noted that diurnal ﬂuctuations of cortisol promote the formation and elimination of synapses
in the brain, and this helps us learn and adapt.5,8
Moreover, the diurnal early morning rise of cortisol as
well as a stress response activates adaptive immune function. That is, an acute stress-induced rise of cortisol and
adrenaline actually helps the immune system to respond
to a pathogen or repair a wound.13 Likewise, the morning
awakening rise of cortisol enhances the body’s response
to an immunization.14 Beside cortisol and adrenaline
involvement in this important adaptive function, key
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biochemicals of the immune system are also necessary
and, together, they help immune cells ‘‘go to their battle
stations’’ where they are needed15! The body’s response is
like an orchestra involving many players that need to
work in harmony! But, indeed, too much cortisol also
causes problems as it does with a ﬂat diurnal rhythm
(Jacobson et al.7) and in Cushing’s Disease when excess
cortisol is produced by a pituitary gland tumor and produces long-lasting changes even if some recovery is
possible16,17!
Third, it is important to know that glucocorticoids do
not play the same role across the life course but rather
serve diﬀerent functions, starting with their role in
‘‘wakening’’ of the amygdala in neonatal life18 to their
role in promoting ponderal growth in adolescence and
their inﬂuence on the vulnerability of the adolescent
brain to stressful experiences19 as well as the age-accelerating role of excess cortisol in aging.20,21 Moreover, they
work synergistically with other mediators, for example,
oxytocin in the case of elevated glucocorticoids stimulating, rather than inhibiting, dentate gyrus neurogenesis
during sexual activity.22
Finally, there is the concept of adaptive plasticity in
which both glucocorticoids and excitatory amino acids
participate in remodeling of neural circuits as a result
of stressful and other life experiences (see Figure 1).
These changes are not ‘‘brain damage’’ but rather adaptations to those experiences3,23 even though unregulated
glucocorticoid secretion and massive overactivity of glutamatergic systems in stroke, seizures, and head trauma
do produce irreversible brain damage.24 The key question
is when conditions change, and the stressor is gone, can
the brain further adapt to the new situation? When it gets

Figure 1. Inverted U representing multiple, biphasic effects in which glucocorticoids are involve along with excitatory amino acids and
other mediators.
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‘‘stuck’’ and does not show resilience, then an external
intervention is needed to promote recovery. All of this
should be considered in the context of the multiple genomic and nongenomic mechanisms by which cortisol
mediates many processes for better or sometimes, for
worse.3,23–25
Indeed, the confusion with cortisol is that it does too
many important beneﬁcial things but can also cause
problems!
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