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Treating Stress to Improve
Neurologic Outcomes
Research on the interaction between hormones and seizures supports the
importance of helping patients manage stress.
By Graham R. Huesmann, MD, PhD and Riley Bove, MD
Defining Stress
To treat patients’ or our own
stress, we must first define it.
The oldest use of the term
is from physics; Hooke’s law,
described in 1678, defines stress
as a force causing strain on a material.1 In physiology, use
of the word arose in 1926 when Walter Bradford Cannon, a
physiologist at Harvard, developed the concept of homeostasis and described stress as an external force pushing an
organism out of homeostasis.2 Cannon also coined the
phrase “fight or flight,” and both this concept and stress
require understanding the baseline state of homeostasis,
which comes from work done by Hans Selye, who some
refer to as “the grandfather of stress.”
Noticing that patients who had different diseases often
presented similarly in clinical practice, or just “looked sick,”
Selye studied how the body responds to the demands of the
environment, and in his seminal article published in Nature in
1936, he describes general adaptation syndrome, in which the
body responds to noxious environmental agents with hormonal changes leading to disease.3
Types of Stress
Modern neuroscientists have proposed that the definition
of stress could be restricted to conditions in which the environmental demand exceeds an individual’s natural regulatory
or adaptive capacity.4 This can be acute or chronic. In acute
stress, there is a sudden, unexpected environmental change.
In chronic stress, there is a constant low-level stressor present that prevents regulation or adaptation. Both can go on
for hours, days, weeks, or years, and both can have multiple
physical or psychologic effects (eg, chronic pain, insomnia,
depression, or anxiety).
The common element between both acute and chronic
stress is cortisol elevation. In acute stress, cortisol rises to a
peak and then returns to the previous baseline. In chronic
stress, cortisol rises and then remains at an elevated baseline.

40 PRACTICAL NEUROLOGY NOVEMBER/DECEMBER 2018

Cortisol and the Neurochemistry of Stress
The physiologic response to stress begins in the parvocellular
neurons of the paraventricular nucleus that secrete corticotrophin-releasing hormone (CRH) and arginine vasopressin (AVP),
which induce release of pro-opiomelanocortin (POMC) by
the anterior pituitary gland (Figure 1). Metabolism of POMC
breaks it down into adrenocorticotrophin (ACTH), opioid
peptides, melanocortin, and other peptides. At the adrenal
cortex, ACTH stimulates cortisol release. Cortisol, in turn, activates glucocorticoid (GR) and mineralocorticoid (MR) recep-

Figure 1. The hypothalamic-pituitary-adrenal axis integrates and
mediates the stress response. ACTH, adrenocortiotrophin; AVP,
arginine vasopressin; CRH, corticotrophin-releasing hormone; GR,
glucocorticoid; MR, mineralocorticoid; PVN, paraventricular nucleus.
Reproduced with permission from Raabe FJ, Spengler D. Epigenetic risk
factors in PTSD and depression. Front Psychiatr. 2013;4:80. doi: 10.3389/
fpsyt.2013.00080 under Creative Commons Attribution License 3.0.
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tors coexpressed in limbic structures. At the hippocampus
and amygdala, cortisol metabolites affects GABAA receptors
and feed signals forward to the prefrontal cortex where there
are inhibitory and excitatory effects of cortisol.
The Effect of Stress on Seizures
Stress and Epilepsy
There is a commonly held belief that increasing stress
increases seizures; however, that is difficult to prove because
there are so many factors that may induce or precipitate
seizures. In our clinic, when a patient calls in saying that
they’ve had breakthrough seizures, we have a series of questions that we ask. These questions include whether the
patient has been drinking or has been ill, what medications
they’ve taken or missed, what stage of the menstrual cycle
female patients are in, and other well-defined stressors (eg,
new home, job loss, or changes in family circumstances). For
many patients, we find that there has been a chronic level
of stress in the patient’s life and an additional stressor, such
as an infection, tipped the balance. Despite asking all these
questions, not everyone responds to stressors in the same
way. For example, the loss of a pet may be stressful enough
to cause a breakthrough seizure in some patients but not in
others. This is where the art of medicine comes in and we
have to evaluate our patients as individuals.
In a classic study from 1959, patients with epilepsy were
asked sexually explicit questions or whether they were lying
about something while they were having an EEG performed;
30% had increased interictal findings on their EEG that were not
seen in control subjects without epilepsy.5 In another study in
1969, people who did not have epilepsy and were asked similar stressful questions did have EEG-tracing changes including
narrowing of bandwidth and regional changes in frequency.6
In this study, blinded reviewers had a 98% intrareviewer accuracy in identifying these changes. A later study of self-reported
stress correlated stress with a 58% increase in seizure activity in
patients who were closely observed in a group home setting.7
Seizure frequency is known to go up in war zones.8,9 After a
natural disaster, patients with epilepsy had increases in seizure
frequency and rate of de novo diagnosis of epilepsy increased as
well.10 These studies together suggest that there are changes in
neuroelectric activity in response to stress.
Stress Hormones and Epilepsy
Studies show that people with frequent seizures have
elevated baseline cortisol levels compared with people without frequent seizures and that cortisol levels increase after
seizure, suggesting that cortisol may lower the threshold for
seizure.11-14
Acute Stress. In animal models, acute stress decreases
seizure activity. Cortisol is converted to deoxycortisol that
is, in turn, converted to allotetrahydrodeoxycorticosterone

(THDOC) in a pathway that is rate-limited by the enzymes
5a-reductase type 1 and 3a-hydroxysteroid dehydrogenase,
both of which are also rate limiting in the metabolism of
progesterone into allopregnanolone. Allopregnanolone
and THDOC are allosteric regulators that bind to and stabilize GABAA receptors, increasing the effects of GABA and
inhibitory neuron activity and decreasing seizure activity.
Allopregnanolone has been studied and found ineffective
for the treatment of severe refractory status epilepticus in
a global study; this may have been because of the patient
population chosen for the study and the difficulty of defining status epilepticus.15
Chronic Stress. In chronic stress, cortisol is proexcitatory and
increases seizures. In studies of cultured brain slices, cortisol
applied directly to hippocampal regions increases excitatory
activity (ie, miniature excitatory synaptic current [MEPSC]
in the CA1 region, N-methyl d-aspartate [NMDA] activity,
and burst activity in the CA3 region).16-19 Cortisol also causes
dendritic remodeling in the dentate gyrus region of the hippocampus.20,21
In the kainic acid (KA) animal model, 15% of rats injected
with KA directly into the hippocampus develop epilepsy.
When rats are pretreated with cortisol prior to KA injection,
70% develop epilepsy. In KA-treated rats that develop epilepsy, cortisone application increases seizure susceptibility
and causes subthreshold stimulation epileptiform activity
with seizure activity being highest at the time of day when
cortisol level is highest.22,23
Chronic mild stress in animal models decreases
GABAergic activity, although chronic severe stress has the
opposite effect. Chronic mild stress decreases brain neurosteroid and 5a-reductase concentrations, reducing allosteric
GABAergic activity.24
Clinical Trials. Observations in animal models have led to
clinical trials of glucocorticoid antagonists. Mifepristone was
studied for the treatment of anxiety and depression and
failed because of side effects of immunosuppression and
a compensatory surge in endogenous ACTH and cortisol
that led to adrenal insufficiency.25,26 Another study in which
corticotropin-releasing factor (CRF) receptors were blocked,
animal anxiety- and depression-like behavior and addiction
were reduced; in humans, side effects were large and there
was no efficacy of the treatment for anxiety, depression, or
posttraumatic stress disorder.27,28 In all of these studies, cortisol was given throughout the day and it may be that the
timing of treatment is important.
Cortisol-releasing hormone is another potential drug target.
For CRH to be released, a potassium chloride cotransporter,
KCC2) must be downregulated to reduce chloride ion transport and cause a depolarizing shift in the reversal potential.
This makes GABA stimulation excitatory rather than inhibitory in CRH neurons, which allows a stress response to occur.29-31
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A novel drug, ANA12 that increases KCC2 function by altering the tyrosine kinase B phosphorylation decreases excitability in neonatal poststroke epilepsy models.32 In humans, altering chloride transport is antiepileptic (eg, furosemide in adults
and bumetanide in neonates).33-36
Sex Hormones and Catamenial Seizures
Catamenial seizures are a unique stress in epilepsy. The
menstrual cycle is a physiologic stress because it results in
homeostasis changing over a 28-day cycle. Estrogen promotes
seizure activity and progesterone decreases seizure activity.
There are several hormone peaks over the course of the
menstrual cycle. Estrogen peaks just prior to ovulation, when
seizures are most frequent, then drops to a plateau at a level
above the preovulation baseline. Estrogen levels then increase
slightly and gradually through the end of the cycle when there
is a rapid withdrawal of both estrogen and progesterone. The
rapid withdrawal of progesterone at the end of the menstrual
cycle is thought to be the cause of the second peak in seizure
activity (Figure 2).37 In animal models, synaptic density in the
hippocampus increases during the physiologic estrous cycle
and there is better performance on memory tasks when
estrogen is at its peak. It may be that the increase in synapses
causes increased excitatory activity and thereby more seizures.
Withdrawal of allopregnanolone—when progesterone levels
drop rapidly—reduces the allosteric stabilization of GABAA
receptors, weakening inhibitory signaling, which may explain
the second peak in seizure activity at that time.
Hippocampal anatomy can be assessed on traditional MRI,
especially higher field studies, but microanatomic changes in
synapses cannot be resolved. A new technique called magnetic resonance elastography (MRE) uses shear waves to measure brain tissue shear stiffness and damping ratio to create a
unique visualization of hippocampal structural properties.38
In an early study, we have found a strong correlation between
damping ratio (ie, a measure of how viscous a tissue behaves
or how well it absorbs wave energy) and performance
on a relational memory task in healthy young adult men
(n = 20)39 and in a larger study including men and women
(n = 51).40 Lower hippocampal damping ratio, indicating a
less viscous and more elastic tissue, correlates with better
performance on memory tasks. This allows MRE to be used
for analysis of microanatomy that correlates very significantly
with function. We hypothesize that changes in synaptic
density may affect the structural properties of hippocampal
tissue and are conducting preliminary research using MRE in
patients with mesial temporal sclerosis and in normal healthy
female volunteers to observe how the structure changes over
the course of a normal menstrual cycle (physiologic stress).
The MRE technique promises to be an informative and useful
addition to imaging for understanding pathophysiology as
well as normal physiology of many conditions.

Figure 2. The relationship between seizure frequency and
estradiol and progesterone levels. Reproduced with permission
from Reddy DS. Catamenial epilepsy: discovery of an extrasynaptic
molecular mechanism for targeted therapy. Front Cell Neurosci.
2016;10:101. doi: 10.3389/fncel.2016.00101 through the Creative
Commons Attribution license 3.0.

Stress Reduction
The neurochemistry of stress and the studies discussed
make a strong case that reducing chronic stress can be beneficial for our patients, although as yet there is no easy way
to do that. Studies and experience suggest several methods
we can recommend to our patients (Box).
Among the most effective methods of stress reduction
is to remove, escape, or avoid the stressor. In practice, this
means taking yourself out of a stressful situation, which is not
always possible. In this case, it can be very effective to change
your perspective on the stressor, and counseling and cognitive behavioral therapy can help people achieve this. Exercise
is essential to recommend to patients even if they are able
to do only 10 minutes of mild exercise while seated. Exercise
decreases stress, improves sleep, increases vascularization

BOX. Methods for Reducing Stress
Remove the stressor whenever possible
¢
Change perspective on the stressor with counseling or
¢
cognitive-behavioral therapy if needed
Exercise
¢
Relaxation techniques
¢
Biofeedback
¢
Yoga
¢
Knitting and crafting
¢
Walking
¢
Volunteering
¢
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(which in patients with epilepsy has an antiseizure effect),
supports hippocampal health, and improves memory.41, 42
Relaxation techniques that help people achieve a meditative
state are also shown to decrease stress and a wide variety of
activities are useful from yoga to knitting or walking.
Although counterintuitive because it means taking on
more responsibility and more work, volunteering to help
others can also reduce stress. This may be because it is a way
of achieving the first 2 recommendations: allowing people to
stop thinking about their own stressors (removal) or changing their perspective on their stressors.
Summary
Stress is difficult to measure objectively and difficult to
study because of obvious ethical issues of inducing stress
in study subjects. Cortisol levels correlate with quantifiable
acute and chronic stress in animal models, with acute stress
reducing seizure activity and chronic stress increasing seizure activity. In humans, stressful situations (eg, war, natural
disasters) and cortisol levels correlate with seizure activity.
In women, progesterone, which has a similar effect in the
hippocampus as cortisol, and estrogen also correlate with
seizure activity. Together, these studies support the observation that stress increases seizures and that it is important
to help patients manage stress as part of managing seizures.
Studies and experience show that removing or adjusting to
stressors, exercise, meditative activities and biofeedback, and
social interaction may all be beneficial in this regard. n
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