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Throughout the life course stress plays a major role
in health and disease. Although it has long been
known that the brain orchestrates the many ways
that the body responds to these experiences, a gap
exists between health care providers who focus on
what is going on from the neck up and those who
focus only from the neck down. Fortunately, as we
gain greater understanding of the interrelationship
between the central nervous system and various
bodily functions through the interconnections of
the nervous, endocrine, immune, and musculoskele-
tal systems, opportunities are increasing to breach
this chasm.

The impact of stress on the body, classically under-
stood as the “fight or flight response,” has pro-
found significance for both health and disease. The
stress response to a threatening situation begins in
the cerebral cortex, hippocampus, and amygdala,
the latter two playing specific roles in learning,
memory and emotions. Significantly, the amygdala
and prefrontal cortex have links to fear, anxiety, and
stress. Of particular importance is the effect of
stress on the brain itself, with stress playing a 
significant role in regulating the structures of the
central nervous system. Cortisol is one of the key
mediators and quells the body’s inflammatory
responses to stressful situations.

Under acute conditions stress is protective, but when
the body is activated chronically stress can cause
damage and accelerate disease. Two important new
concepts have emerged that differentiate between the
body’s adaptive response to acute stress (allostasis)
and the wear and tear associated with chronic stress
(allostatic load). The body creates allostasis by an
intricately organized system of communication that
links the brain, the endocrine system (chiefly the
adrenal glands), and the immune system. Through

allostasis the body attempts to remain stable in the
face of changes and to provide enough energy to
cope with any challenge. Wear and tear from over-
use or the body’s insufficient management of allo-
stasis results in allostatic load. Over the course 
of a lifetime the body responds repeatedly to stressful
events, and some allostatic load is nearly inevitable.

Contemporary neuroscience has afforded us a new
understanding of the brain’s plasticity, that is, its
ability to repair or replace neurons when damaged
or destroyed, as well as its capacity to protect itself
in the face of repeated stress.

Evidence to support the association between brain
function and health includes research findings on
the continual transfer of information between the
systems that make up the autonomic nervous 
system, the sympathetic system, and the parasym-
pathetic system. The sympathetic nervous system
reacts to stress by accelerating the heart rate, con-
stricting blood vessels, and raising blood pressure.
The parasympathetic system, on the other hand,
slows the heart rate, increases intestinal and gland
activity, and relaxes sphincter muscles.

Understanding the impact of stress upon various
bodily systems leads to a connection between
stress, cardiovascular health, and gastrointestinal
health, as well as to the immune system.

Furthermore, brain-gut interactions play an impor-
tant role in health and disease, but the precise role
of gut signaling to the brain in health and disease
currently is a research frontier. Common, everyday
language is illustrative of the interrelationship 
of the central nervous system and the gut. For 
example, we refer to “butterflies in the stomach” or
“gut feelings,” reflecting an intuitive understanding
of the brain-gut connection.

Executive Summary

    



It is essential to view stress and allostatic load in
the context of human social organization, which
has a strong influence on health. Socioeconomic
status, most commonly measured using some com-
bination of information about education, occupa-
tion, and income, has a strong and persistent
association with health and behavior. Poor people
with fewer opportunities for higher education and
increased income are more likely to experience
chronic hazards and stress. Practices and policies
that attempt to address stress and allostatic load
must consider the social environment.

Further research and policy directions are needed.

• We need to continue to improve the battery of
surrogate markers that can be thought of as an
expansion of the cholesterol and blood pressure
screening concept but that tap into a wider
range of interacting body systems and may thus
be better predictors of disease risk.

• Because depression and anxiety disorders,
which are widely underdiagnosed and under-
treated, are risk factors for a number of medical
conditions, two of the simplest and most useful
screening instruments are brief assessments for
depression and anxiety, followed by referrals for
treatment with psychotherapy, pharmacother-
apy, or lifestyle change. Cognitive behavioral
therapy and physical exercise have both been
shown to be effective in the treatment of mild
to moderate depression and anxiety disorders.

• A healthy regimen of diet, exercise, and effective
stress management can prevent or substantially
reduce many of our most common diseases,
such as heart disease, diabetes, and high blood
pressure. Practical instruction in the specifics of
healthy eating, exercise, and stress management
can help people sustain healthy lifestyles.

• Individuals at lower socioeconomic levels, who
have less access to quality health care, health
education, health clubs, and healthy foods, will

have more obstacles to making and sustaining
lifestyle change. Therefore, on a societal and
governmental level, efforts must be made to
disseminate health education information and
provide greater access to resources that support
healthy lifestyles. Many of the most powerful
lifestyle habits, such as walking, eating smaller
portions, or practicing a relaxation technique,
involve little or no expense. The key to practic-
ing them is education about their benefit and
how to do them properly.

• Collaborations with the food industry are needed
to promote the production of foods with less
sugar and saturated fat content and the use of
smaller portions.

Direct policy recommendations:

• Encourage private philanthropic support of
studies that bridge the relationship between
mind and body.

• Further expand the National Institutes of Health
effort through extramural funding by setting up
a specific unit of health administrators whose
task and responsibility would be to help build
the field of mind and body and stress.

• Establish a trans-NIH committee on stress
(allostatic load) particularly involving the 
neurology, mental health, aging, and heart
institutes but others as well to strengthen the
trans-NIH intramural research and encourage
support for the extramural program.

• Introduce into the medical, nursing, social
work, and allied health curriculum attention to
the interrelationships between social economic,
mental, and biological factors.

• Expand human performance and longitudinal
studies.

• Continue to build measures of allostatic load
and stress.

v
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• Bring clear attention to the role of the socio-
economic status and human health.

• Study the economic benefits that derive from
the integration of social, behavioral, and biolog-
ical factors in medicine.

• Pay particular attention to evolving neuro-
science, including brain-gut relationships.

• Establish a national effort to transform
American lifestyles.

• Clarify and expand the definition of allostatic
load as a means to quantify the cumulative toll
exerted on the body over time in its efforts to
adapt to life experience.

• Examine the role of allostatic load upon cogni-
tive health.

• Study both preventative and therapeutic inter-
ventions that derive from new knowledge of the
role of stress.

• Transform and translate key information
derived from putting the brain back into medi-
cine into the broad health care enterprise. This
integration would have many social and eco-
nomic benefits and advance quality of life.

   



INTRODUCTION

Good or bad health often begins in the brain.
Through this organ of conscious thought we
make decisions that support or damage our
health. Behind the scenes, the brain orchestrates
the myriad ways in which the body responds to
experience—through the interconnections of the
nervous, endocrine, and immune systems.

Doctors have always known that many illnesses,
too, begin in the brain. Some studies show that 
up to 70 percent of visits to primary care providers
are for what turn out to be “psychological” com-
plaints. But due to the structure of the medical
care system and insurance-related restrictions—
as well as a doctor’s obligation to treat whatever
medical illness exists—these complaints are not
always adequately addressed.

This gap takes the form of a divide between 
those care providers who focus only from the neck 
down and those who look only from the neck up.
Modern biomedicine, for example, is deeply
invested in efforts to understand the machinery 
of the body from organ to cell to molecular events
and how these are regulated by gene expression.
It is a powerful strategy but most often ignores the
vital input of social context, life events, and emo-
tions. Thus, it often fails to take into account our
heads, and the functioning of our mind and brain.

On the other side of the divide, those who empha-
size the importance of mind and brain, of social
and psychological realities, do not always attend to
the rest of the body. The wondrous achievements
of neuroscience, linking mind and brain in many

aspects of mental functioning, have mostly ignored
how the brain impacts bodily functioning in ways
that can help or harm.

This isolation of views from only the neck up or
neck down must be breached. Such is the goal of
putting the brain back into biomedicine and the
need to study the consequences of stress from both
vantage points: psychology and physiology. In the
doctor’s office, most primary care physicians
already deal with stress-related issues to the best 
of their abilities. Addressing psychological prob-
lems through a team approach is a cornerstone of
care in some specialties, such as geriatrics.

The “classic” geriatric patient suffers from multi-
ple, complex, interacting, physical, social, and 
emotional problems. Such a patient is ordinarily
far more challenging than a young patient. For
example, a 78-year-old woman hospitalized with
congestive heart failure, which is the most com-
mon reason for hospitalization of older persons,
may be “successfully” treated but she has lost func-
tional capacity and morale in the hospital. She is
fearful that she might never leave the hospital. But
her doctors, nurses, and other staff have never
gauged her fears or taken them into account. She
has lost her appetite, but no one has time to sit
with her at mealtime, so she eats alone and feels
depressed. She loses muscle function, for no one
on staff has the time to ambulate her. In short, no
connections are being made between this woman’s
head and her body.

The purpose of this workshop report is to encour-
age more widespread integration of the two points

Stress:
Putting the Brain Back Into Medicine
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of view. Bearing this in mind, we will describe the
role of the brain regions involved in learning, mem-
ory, and decision-making, then move on to look at
the interactions between the brain and the various
physiological systems traditionally treated in med-
ical practice.

BRAIN STRUCTURE AND FUNCTION IN RELATION

TO STRESS AND COPING BEHAVIORS

Importance of the cerebral cortex, hippocampus,

and amygdala

Conscious thought in all of its aspects—sensory
processing, motor control, decision-making, and
consciousness itself—is made possible by the 
cerebral cortex. A thin outer covering consisting 
of folds (known as sulci and gyri) that separate it
into identifiable lobes and regions, the cortex is
actually one continuous sheet that, if laid out on 
a table, would cover several square feet. Classical 
terminology divides this sheet of cerebral cortex
into two major categories: the neocortex, a complex
structure divided into dozens of regions each with 
a different function, and the allorcortex, which
includes an important nexus of memory known 
as the hippocampus and surrounding structures.
A related brain area is the amygdala; this seat of
memory and emotion, though not itself part of 
the cortex, is intricately linked to certain regions 
of the cortex, including the hippocampus. These
interconnections play crucial roles in stress, memory,
and stress-related illness.

Neocortex

Accounting for more than 90 percent of the total
cerebral cortex in humans, the neocortex is the
ultimate example of variation on a theme. This
structure comprises six layers that are specialized
for output and input to and from various other
areas of the brain. A few dozen cell types populate
virtually all neocortical areas. However, each layer’s
unique pattern, the types of cells represented, the
combination of inputs and outputs, and synaptic

organization actually vary substantially across the
cortical surface, such that dozens of identifiable,
distinct cortical regions exist, each dedicated to a
given function. A key cell type is the pyramidal cell,
so called because of the pyramidlike shape of its
cell body. These neurons send out branches, called
dendrites, and each dendrite is studded with hun-
dreds of spines, each one receiving an incoming
signal—providing an extraordinary capacity to
integrate information from multiple sources.

While many brain regions send nerve signals to the
cortex, the two most important types of projections
are inputs from the thalamus, which handle sensory
information, and inputs from other parts of the 
cortex, which connect functionally linked areas and
form broad, distributed systems well suited to com-
plex information processing. In the neocortex, the
two extremes of regional specialization are the 
primary sensory areas (such as the primary visual
cortex), which are highly specialized to receive 
the initial sensory input from the thalamus, and 
the primary motor cortex, which directly drives the
motor centers of the brain stem and spinal cord.
In rodents, these two areas represent the majority 
of the neocortex.

In the more complex human brain, however, much
of the neocortex is the so-called association cortex.
Association cortex can be linked to one of the
individual senses, such as vision, or can receive
many convergent inputs, allowing color, shape,
movement, sound, and smell to come together into
a cohesive and vivid perception—a playground
scene, for example. The neocortex also uses its
associative abilities to map sensory fields not only
of the outside world but also of the body. The 
sensory inputs from the thalamus establish these
maps in the primary sensory cortices, and they are
sustained through multiple links within the cortex
to more advanced association regions. For the
visual system alone, there are dozens of dedicated
cortical regions, each with its own map of the

                       



visual world, in synchrony with other maps of
other interconnected regions.

One of the most advanced regions of association
cortex is the prefrontal cortex, which not only
receives many different levels of input but also 
creates and sustains internal models of reality.
The prefrontal cortex differs from other types of
cortices in a fundamental way. As one might imag-
ine, a region such as the primary visual cortex is
hard-wired in the adult, so that the visual world
remains stable. The prefrontal cortex, however, is
highly “plastic,” able to reconfigure the connections
between neurons (known as synapses) to accom-
modate new memories, new rules, and new plans
of action. In nonhuman primates and humans,
this plasticity in the prefrontal cortex is critically
important for learned behaviors, providing for such
“executive” functions as working memory, plan-
ning, response inhibition, and temporal structuring
of behavior. Unfortunately, the extraordinary capa-
bilities of the prefrontal cortex make it uniquely
vulnerable to aging, decreased estrogen levels,
Alzheimer’s disease, and probably schizophrenia.

The final type of cortex, the limbic cortex, receives
input from many different cortical areas, including
the prefrontal areas, and is strongly interconnected
with the classical limbic structures involved with
memory and emotion, such as the temporal lobe,
the hippocampus, and amygdala. A key component
of the limbic cortex for the current discussion is
the anterior cingulate cortex, which is involved in
emotional processes and visceral functions, and,
according to recent data, is a region affected by
stress (Radley et al., 2004).

Hippocampus

The hippocampus is critically important for the
formation of new memories, particularly what is
referred to as declarative memory (memory for
facts) and episodic memory, the memory of life’s
events in time and space. If you can remember
when something happened by visualizing, for

instance, the apartment you lived in at the time,
the hippocampus is at work. In order to form such
memories, the hippocampus must have access to
highly processed neocortical information. However,
it receives such information indirectly. Association
and limbic neocortical regions send convergent
projections to the regions surrounding the 
hippocampus (e.g., entorhinal cortex), which then
funnel such information into the hippocampus.
Information flows through the hippocampal subre-
gions in what is referred to as the trisynaptic loop,
a series of excitatory projections through the 
hippocampus. While the trisynaptic loop is critically
important for formation of certain memories, the
storage, retrieval, and use of such memories become
more reliant on the neocortex, in keeping with the
flow of information back out of the hippocampus
to the same neocortical areas that fed into the 
hippocampus through the entorhinal cortex.

Amygdala

While the amygdala is not a component of the
cerebral cortex, it is strongly interconnected with
the neocortex, as well as several other brain
regions. The amygdala is a collection of clusters of
nerve cells, so-called nuclei that have connections
with each other and with other brain regions. For
example, the lateral amygdala is the nucleus most
directly linked to the neocortex, receiving from and
projecting to sensory association regions (such as
the auditory association cortex); it also connects
with the anterior cingulate cortex, involved with
fear and anxiety, and the orbital frontal regions,
associated with social behavior. The lateral amyg-
dala also receives thalamic inputs and appears to
be the key site for fear conditioning. In contrast,
the central nucleus is directly connected to centers
in the hypothalamus and brain stem that control
involuntary responses from the nervous system 
and digestive organs. Thus, the various nuclei of
the amygdala work in concert to both provide
emotional tone to sensory input and environ-
mental influences, as well as to link the cortical
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components of such behaviors to the centers that
control many involuntary responses.

The amygdala plays a critical role in learning, par-
ticularly with respect to the emotional components
of learning. Interestingly, these regions are also
responsive to shifts in circulating hormone levels—
sex hormones such as estrogen, and stress hor-
mones such as glucocorticoids, produced by the
adrenal glands. This link reinforces the notion that
the hippocampus, amygdala, prefrontal cortex, and
anterior cingulate cortex participate in a complex
system that responds over an extended time frame
to endocrine status—modifying behavior, learning,
and response to future events. These modifications
in neural circuitry are manifested even on the level
of the synapse. However, some of these long-term
synaptic alterations may underlie less desirable
forms of learning, such as post-traumatic stress
disorder (PTSD) or anxiety disorders. Chronic
stress is known to cause neuron death and decrease
dendritic branching in the hippocampus. Recent
research shows a similar effect of chronic stress in
the anterior cingulate cortex, suggesting that neo-
cortical circuits, too, are profoundly affected by
stress (Radley et al. 2004).

HOW THE BRAIN AND BODY RESPOND 

TO STRESS

The fight or flight response

“Stress” can be anything that causes the brain to
activate the defenses—the nervous system and the
hormonal and immune responses—that provide
immediate protection and help the body adapt to
the challenge in the longer term. For the stress, or
fight or flight response to be successful, several
things have to happen at once. The heart rate and
blood pressure increase to provide oxygen to the
muscles that will bring about fight or flight. The
immune system gets ready to deal with any infec-
tion that might result from injury, and the brain is
geared up to remember important features of 

danger as well as to be vigilant. Additional energy
supplies are mobilized from storage in the liver.
When the stressful situation is over, the emergency
response system is shut off, and ongoing processes,
such as growth and digestion (which have been
temporarily suspended), are restored.

Role of the hypothalamus in controlling the 

mediators of the stress response

The stress response to a threatening situation
begins in the amygdala, hippocampus, and cerebral
cortex when an event is perceived as potentially
dangerous. This information is rapidly transmitted
to an area of the brain called the hypothalamus.
This pea-sized structure influences the heart, the
liver, the immune system, and digestive organs
through a fast, hard-wired link of neural circuits—
the so-called autonomic nervous system—consist-
ing of the sympathetic and parasympathetic
components. The sympathetic component uses the
stress hormone epinephrine (better know as adren-
alin) and the related neurotransmitter norepineph-
rine (or noradrenalin), whereas the parasympathetic
component uses the neurotransmitter acetylcholine.

Indeed, it is important to realize that, besides the
adrenal gland and sympathetic and parasympathetic
nervous systems, there are other systems involved in
stress, including the immune and metabolic systems.
Moreover, the chemical messengers involved in the

How the Brain and Body Respond to Stress

        



stress response include not only adrenalin, noradren-
alin, and acetylcholine, but also neurotransmitters
like glutamate that are released from nerve terminals
when neurons are activated; the “hormones” of the
immune system, the cytokines, and chemokines; the
hormones prolactin and oxytocin; and the metabolic
hormones, such as insulin and leptin, a hormone pro-
duced by fat. The release of many of these chemicals
has effects, both positive and negative, on the release
of the other chemicals; hence the “stress-responsive
system” operates like a nonlinear network. The adre-
nal hormone cortisol is an important player in this
network of stress mediators, and its release is also
controlled by the hypothalamus.

Key role of cortisol as a mediator of the stress

response

Through a slower relay, the hypothalamus secretes
hormones into the bloodstream, controlling the
pituitary gland and the rest of the endocrine system.
Key players in the endocrine exchange are the adre-
nal glands, which secrete adrenalin as well as the
other chief stress hormone, cortisol. One of corti-
sol’s jobs is to keep a gentle restraint on the immune
system, along with the parasympathetic nervous 
system. Moreover, cortisol also affects many organs
throughout the body, including the brain itself. The
hypothalamus, in its turn, receives information from
many of the same brain areas that play important
roles in the stress response, especially the amygdala,
the hippocampus, and the prefrontal cortex.

Each of these brain regions contributes to the
behavioral and physiological response to major
stressful events as well as the minor hassles of daily
life. The central nucleus of the amygdala activates
autonomic and neuroendocrine stress responses and
freezing behavior, while the basal nucleus of the
amygdala stimulates active coping (fight or flight)
behaviors. The prefrontal cortex controls decision-
making, such as the simple decision to interrupt
ongoing behavior and do something different.
It’s also important in the “extinction” of fear—

the active learning process by which a person or ani-
mal determines that something is no longer a threat.
The prefrontal cortex receives important input from
the amygdala. The hippocampus participates in 
spatial as well as declarative and episodic learning,
and it is essential for “contextual” memory, such as
remembering where you were and what you were
doing when something important happened. The
hippocampus is connected to both the amygdala and
the prefrontal cortex; all three structures influence
the hypothalamus when something stressful happens.

The stress response contributes to memory,
immune function, and metabolism in ways that 
are protective and adaptive—in the short term
(McEwen 1998; 2003; McEwen and Lasley 2002).
However, as we shall discuss below, repeated stress
can have damaging effects, in part because the very
same physiological mechanisms that help protect
the body in the short run become mismanaged
and/or overused. One of the organs most vulnera-
ble to overuse of the stress response system is,
perhaps surprisingly, the brain itself. This is
because in addition to initiating the fight or flight
response, the brain receives input from many of
the other circuits that are involved.

After a person or animal has mobilized to deal 
with a challenge, through either fight or flight, the
branch of the autonomic nervous system known as 
the parasympathetic nervous system (discussed in
greater detail shortly) sounds the “all clear” and
restores the normal, everyday bodily processes back
to functional status. At the same time, another
shutoff mechanism is activated—the switching off
of the slower second relay of hormones throughout
the bloodstream. This mechanism is located in the
hippocampus and is brought about by one of the
stress hormones, cortisol itself, which participates in
a negative feedback loop and thereby shuts off its
own production. The hippocampus is rich in corti-
sol receptors, partly to make this shutoff feature
possible and partly for another reason.

5

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

                       



6

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

From an evolutionary standpoint, the last but not
least component of the fight or flight response is 
the ability to deal with the situation if it ever hap-
pens again. Thus a stressful event carries an extra
emotional charge that sharpens the memories 
associated with it. Working together, the amygdala
and hippocampus provide what are sometimes called
“flashbulb” memories. If you think of something in
your life that had particular emotional resonance,
the feelings associated with that memory come from
the amygdala, whereas the context—the where,
when, and how—are the work of the hippocampus.
Memories of stressful events are seared into the hip-
pocampus by cortisol, acting on its receptors in that
part of the brain.

The dangers of chronic stress: allostasis versus

allostatic load

When the stress response is not shut off or when
it remains activated due to chronic stress or inter-
nal anxiety, the same chemical mediators that are
so important for adaptation become involved in
effects that are damaging to the body and con-
tribute to such conditions as immune suppression,
obesity, and diabetes, hardening of the arteries
and hypertension (McEwen 1998; 2003; McEwen
and Lasley 2002). This paradox has led to the
introduction of two new terms: allostasis and allo-
static load. Allostasis (meaning “achieving stability
through change”) refers to the active, adaptive
response of the body that maintains homeostasis
through the actions of the stress mediators dis-
cussed above. Allostatic load refers to the wear
and tear from the overuse or inefficient manage-
ment of allostasis, i.e., the almost inevitable
impact on the body of responding repeatedly to
stressful events. These two terms help to clarify
ambiguities in the terms stress and homeostasis (for
discussion, see McEwen and Wingfield 2003).

The nonlinear nature of the stress mediator network
and the involvement of many mediators and body
systems make it imperative to measure multiple body

systems in order to assess allostatic load. The need to
make measurements as noninvasive and inexpensive
as possible has necessitated the development of a
battery of measures that have been validated in a
number of epidemiological studies. These are surro-
gate markers, like cholesterol, of risk for later disease,
and their use and interpretation is patterned after
the cholesterol screening. The difference is that the
battery taps into multiple interacting systems.

In the original allostatic load battery, overnight 
urinary cortisol and catecholamines were assessed
along with plasma levels of total and HDL choles-
terol, glycosylated hemoglobin, DHEA, systolic
and diastolic blood pressure and waist hip ratio as 
a measure of abdominal fat accumulation. These
measures had been obtained in the MacArthur
Successful Aging study and represented a good
approximation of some of the surrogate markers 
for age—related risk for cardiovascular and meta-
bolic diseases (McEwen and Seeman 1999). In the
current CARDIA study, overnight urinary cortisol
and catecholamines are being assessed longitudi-
nally along with total and HDL cholesterol, glyco-
sylated hemoglobin, IL 6, CRP and fibrinogen,
waist hip ratio, systolic and diastolic blood pres-
sure, and high-frequency heart-rate variability.
Moreover, six saliva samples are taken over one day
to assess the diurnal pattern of cortisol secretion.

There is nothing magical about the selected meas-
ures. They are a pragmatic solution to balance cost,
relative noninvasiveness, and the need to tap into
multiple systems. As a result, there is a need to
further improve and test the allostatic load battery.

HOW STRESS AFFECTS THE BRAIN

Stress and stress hormones affect the structure 
and function of the brain regions that mediate 
the interpretation of what is stressful, namely, the
hippocampus, amygdala, and prefrontal cortex.
In so doing, they bias how the brain responds to
stress. In the restraint stress model in rats, this bias

               



occurs because repeated stress impairs hippocampal-
dependent declarative and spatial memory while
enhancing fear and aggression (McEwen and
Chattarji 2004).

The hippocampus as a target of stress and stress

hormones

Studies with animal models have shown that corti-
sol and the “excitatory” neurotransmitters in the
brain (those, like glutamate, that increase activity of
neurons) play key roles in learning tasks that involve
the hippocampus, such as spatial navigation (Otzil
et al. 2001; Pugh et al. 1997). However, repeated
stressful experiences can impair these functions, in
part because the very same adaptive mechanisms
begin to have different effects when chronically
overactivated (McEwen 1998). For example, the
overactivity of stress hormones in the blood, and
excitatory neurotransmitters in the brain, suppresses
the production of new cells in a part of the hippo-
campus known as the dentate gyrus. The birth of
new neurons, called neurogenesis, is considered an
ongoing and essential aspect of brain health; it is
critically important in learning, memory, and per-
haps even mood. Excess hormones and excitatory
neurotransmitters can also reduce dendritic branch-
ing in parts of the hippocampus and prefrontal cor-
tex, whereas chronic stress causes neurons in the
amygdala to increase dendritic branching (McEwen
1999; Sousa et al. 2000; Wellman 2001; Vyas et al.
2002). These changes are accompanied by impaired
cognitive function and increased fear and anxiety.

Yet, underlying these changes are indications that
the brain is attempting to protect itself, in spite of
the fact that it may also become more vulnerable
to permanent damage as a result of repeated stress.
In a model of chronic stress in rodents, restraining
the rats for brief periods for 21 days impairs their
performance on cognitive tasks that involve the
hippocampus (Luine et al. 1994; Conrad et al.
1996). This same treatment enhances amygdala-
dependent unlearned fear and fear conditioning

(Conrad et al. 1999), which are consistent with 
the opposite effects of stress on hippocampal and
amygdala structures. Taken together, the animal
studies suggest that chronic overexposure to stress
undermines memory and mental performance
while increasing the load of anxiety.

Animal studies show that psychosocial stress (com-
petitive, hostile, or unstable social environments)
suppresses neurogenesis and causes dendritic
shrinkage in key hippocampal neurons (Gould et al.
1997; Magarinos et al. 1996; Czeh et al. 2001); one
of these stress models, the tree shrew, is considered
to be a model of human depressive illness (Van
Kampen et al. 2002). In humans, some studies of
major depression and other mood- and anxiety-
related psychiatric disorders show loss of hippo-
campal volume and enlargement of the amygdala
(McEwen 2003; Sheline 2003). Studies in the tree
shrew have shown that treatment with antidepres-
sant, antiseizure, and mood stabilizing drugs pre-
vents stress-induced hippocampal structural changes
(Magarinos et al. 1996; Czeh et al. 2001; van der
Hart et al. 2002). Besides reduced neurogenesis in
the dentate gyrus, evidence shows that the cell bod-
ies of existing neurons in the hippocampus become
smaller, which is consistent with reduced size of 
the dendritic tree (Stockmeier et al. 2002). Such
structural changes seem likely to play a major role 
in the volume loss in the human hippocampus and
the related effects on cognitive function and mood
(Sheline 2003).

The amygdala/prefrontal cortex links to fear,

anxiety, and stress

In addition to the amygdala and hippocampus, the
medial prefrontal cortex (mPFC) is affected by
chronic stress, showing reduced dendritic branching
(Radley et al. 2004). This may exacerbate the effects
of stress by reducing the prefrontal control of many
functions, such as decision-making, working memo-
ry, and the extinction of learned fear. Recent work
has shown that the mPFC plays a critical role in
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safety learning. Damage to the mPFC prevents 
animals from learning that a tone once paired with
shock is no longer dangerous, a process called
extinction of fear. Neurons in the mPFC increase
their responses to tones after extinction (Milad and
Quirk 2002), in effect signaling that the tone will
not be followed by shock. This signal reaches the
amygdala, where it inhibits central nucleus output
neurons (Quirk et al. 2003; Rosenkranz et al. 2003),
thereby preventing the expression of fear memories
stored in the amygdala. In fact, mimicking this 
safety signal with electrical stimulation of mPFC
reduces conditioned fear (Milad et al. 2004)

From a clinical perspective, these findings suggest
that deficits in mPFC function would be associated
with high levels of fear and anxiety. In support of
this idea, people with depression and post-traumatic
stress disorder (PTSD) have a smaller mPFC
(Bremner et al. 2002; Rauch et al. 2003) and reduced
prefrontal control over the amygdala (Bremner 2002;
Shin et al. 2004). People with PTSD also have a
smaller hippocampus (Gilbertson et al. 2002).
Therefore, stress could trigger a vicious cycle charac-
terized by increased activity in the amygdala and
decreased prefrontal and hippocampal function, the
result of which would be increased anxiety and
increased stress. Future approaches to breaking this
cycle may include augmenting mPFC function,
either pharmacologically (Walker et al. 2002), physi-
ologically (Cohen et al. 2004), or through cognitive
control (Hariri et al. 2003). In the last decade, a type
of cognitive therapy called eye movement desensitiza-
tion and reprocessing (EMDR) has been widely used
and demonstrated to be effective in the treatment 
of PTSD. In an unpublished study reported in
Psychiatric News, Bessel van der Kolk observed
changes in brain function that accompanied
decreases in anxiety in PTSD patients after treat-
ment with EMDR therapy. Specifically, after a
series of EMDR therapy sessions, brain scans of
PTSD sufferers showed increased activation in the
frontal lobes and cortex.

EVIDENCE FOR ASSOCIATIONS BETWEEN BRAIN

FUNCTION AND HEALTH

Outputs from the amygdala work through the
neuroendocrine and autonomic nervous systems to
affect many other systems in the body. The activity
of the autonomic nervous system—in particular
the balance between parasympathetic and sympa-
thetic activity—is especially important for the
health of the cardiovascular and immune systems.

Autonomic imbalance

There is growing evidence for the role of the auto-
nomic nervous system (ANS) in a wide range of 
diseases. The ANS is generally conceived to have
two major branches: the sympathetic system, associ-
ated with energy mobilization, and the parasympa-
thetic system, associated with ongoing vegetative
and restorative functions. Normally the activity of
these branches is in dynamic balance. For example,
there is a well-documented circadian rhythm in
which sympathetic activity is higher during daytime
hours and parasympathetic activity increases at
night. The ANS can fluctuate on other levels as well,
allowing the activity of the two branches to respond
rapidly to changing environmental demands.

An organism’s ability to adapt to its environment
by being itself able to change has replaced the older
concept of homeostasis—maintaining stability by
staying the same. More modern conceptions hold
that stability, adaptability, and health are main-
tained through a dynamic relationship between
cells, organs, and biological systems (Friedman and
Thayer 1998a, 1998b; Thayer and Friedman 1997;
Thayer and Lane 2000). In this model there are
multiple points of stability and a dynamic organi-
zation of resources to meet the demands of a spe-
cific situation, using up as little energy as possible.
For example, in healthy individuals, average heart
rate (HR) is greater during the day, when energy
demand is higher, than at night, when energy
demand is lower. People who lack this circadian
variability—whose hearts beat in rigid regularity 

             



24 hours a day—are more prone to many kinds of
illness and even early death (Lipsitz and Goldberger
1992; Peng et al. 1994).

A lack of flexibility in the ANS also has ill effects.
For example, when the sympathetic branch of the
system has the upper hand for too long, pathologi-
cal conditions can result—even death, if the situa-
tion goes on for too long (for review see Thayer
and Lane, in press).

Imbalance in the ANS takes its toll most immedi-
ately on the heart. The heart is innervated by both
branches—stimulated by the sympathetic nervous
system and slowed down by the parasympathetic
( Jose and Collison 1970). When at rest, the
restorative influences of the parasympathetic nerv-
ous system predominate—a feature that neatly
favors energy conservation. This dynamic balance
is actually measurable in a person’s heart rate,
which, in addition to being slower at night, has a
similar built-in variability from one beat to the
next. Again, people with decreased heart-rate vari-
ability (HRV) are at increased risk of death, and
HRV has been proposed as a marker for disease
(Task Force of the European Society of Cardiology
and the North American Society of Pacing Electro-
physiology 1996).

Resting heart rate can be used as a rough indicator
of autonomic balance, and several large studies
have shown that risk of death from all causes—
including such noncardiovascular ones as cancer—
increases in tandem with resting heart rate (see
Habib 1999 for review). This association of heart
rate with all-cause mortality is independent of 
gender and ethnicity, and shows a threefold
increase in mortality in persons with a heart rate
over 90 beats per minute compared to those with
heart rates of less than 60 beats per minute.

The explanation lies in an elegant mechanism
sometimes known as the vagal brake. The parasym-
pathetic nervous system exerts its calming, restora-

tive influences through the vagus nerve (actually a
fairly complex network of nerves), which, among
other responsibilities, slows down heart rate. When
the heart beats more slowly as part of normal beat-
to-beat variability, the vagus nerve is in control—
the vagal brake is on. In healthy people, when a
minor change in the environment requires a slight
mobilization of energy—if you’re reading a book
and the doorbell rings, for example—the vagal
brake comes off and the heart rate increases a
notch. People with unvarying heart rates, in whom
the vagal brake does not function optimally, are not
able to meet minor demands by taking off the
brakes. They have to floor the accelerator, so to
speak, by engaging the full emergency resources of
the sympathetic nervous system, stimulating the
heart again and again.

This sort of imbalance, in which the sympathetic
nervous system has the upper hand, is associated
with a wide range of abnormalities that lead to
heart disease and death (Brook and Julius 2000).
But there are also links with disorders less obvi-
ously connected to the heart. For example,
decreased heart-rate variability is associated with
diabetes mellitus—often preceding the onset of
diseases as measured by standard clinical tests
(Ziegler et al. 2001).

Autonomic imbalance may be a common pathway
to increased illness and death from a host of other
conditions, especially those in which the immune
system goes awry. The healthy fight or flight
response mobilizes the immune system, partly by
increasing small molecules known as cytokines.
When there is an injury, or the possibility of
injury, the infection-fighting cells move out of the
bloodstream and attach themselves to blood vessel
junctions throughout the body—their battle sta-
tions, so to speak—to be ready to fight infection.
If an actual injury occurs, the blood cells summon
additional forces by sending out so called pro-
inflammatory cytokines. When the infection has
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been contained, other messengers, called anti-
inflammatory cytokines, are sent out to call off 
the alarm.

Immune dysfunction in the form of unnecessary,
damaging inflammation has been implicated in a
wide range of conditions associated with aging—
including cardiovascular disease, diabetes, osteo-
porosis, arthritis, Alzheimer’s disease, periodontal
disease, and certain types of cancers, as well as
declines in muscle strength and increased frailty and
disability (Ershler and Keller 2000; Kiecolt-Glaser
et al. 2002). The common mechanism seems to
involve excess proinflammatory cytokines, such as
interleukin 1 and 6 and tumor necrosis factor. The
connection to stress lies, once again, in the balance
of the ANS. Increased activity of the parasympa-
thetic branch and elevated levels of its chief neuro-
transmitter, acetylcholine, have been shown to slow
down the production of proinflammatory cytokines
that can lead to disease; on the other hand, frequent
activation of the sympathetic nervous system can
increase production of these potentially damaging
messengers (Das 2000; Maier and Watkins 1998;
Tracey 2002). Thus, autonomic imbalance may be a
final common pathway to increased morbidity and
mortality from a host of conditions and diseases.

The idea that less measurable factors, such as nega-
tive emotional states and dispositions, or personality,
may be linked to disease and ill health is not new
(Sternberg 1997). For example, anxiety, depression,
and hostility have all been shown to be associated
with ill health. Several recent reviews provide strong
evidence supporting this connection (Friedman and
Thayer 1998b; Kiecolt-Glaser et al. 2002; Krantz and
McCeney 2002; Musselman et al. 1998; Rozanski et
al. 1999; Verrier and Mittleman 2000). All of these
reviews implicate altered autonomic function and
decreased parasympathetic activity as a key player.

An additional pathway between psychosocial 
stressors and ill health is an indirect one, in which
stressful external conditions lead to poor lifestyle

choices that in turn undermine health—such as lack
of physical activity and the abuse of tobacco, alco-
hol, and drugs. Sedentary lifestyle and substance
abuse are both associated with autonomic imbalance
and decreased parasympathetic tone (Ingjaldsson 
et al. 2003; Nabors-Oberg et al. 2002; Reed et al.
1999; Rossy and Thayer 1998; Weise et al. 1986).
In fact, the therapeutic effectiveness of smoking 
cessation, reduced alcohol consumption, and
increased physical activity rest in part on their 
ability to restore autonomic balance and increase
parasympathetic tone.

In sum, autonomic imbalance, and decreased
parasympathetic tone in particular, may be the
final common pathway linking negative affective
states and dispositions, including the indirect
effects via poor lifestyle choices, to numerous 
diseases and conditions associated with aging 
as well as increased morbidity and mortality.

Cardiovascular health and disease

The last 30 years have witnessed a remarkable
increase in our awareness of how closely the brain
and heart (and its blood vessels) are intertwined.
Concurrent advances in neuroscience, psychologi-
cal science, and epidemiology have established the
brain’s widespread control of the cardiovascular
system—showing that “psychology” can be a pow-
erful risk factor for heart disease and identifying 
the relevant behavioral treatments. Once these
advances are widely recognized and translated into
controlled intervention studies, the brain will be a
central figure in cardiovascular medicine.

Neuroscientists have established that the cardio-
vascular system is functionally well integrated 
with the central nervous system, not a separate,
autonomous entity. Early views separating the 
two were based on observations that the cardiovas-
cular system can function in the absence of neural
input. Furthermore, the autonomic nervous sys-
tem, which is connected to the heart and vascula-
ture, was previously considered to be governed by

     



lower brain stem structures and to be effective only
in emergency situations, for example, in response
to a frightening situation. Extensive research in
animals and corroborating research in humans
have updated this concept. We now know that 
the brain receives significant information about the
state of the cardiovascular system and that brain
stem nuclei, acting on the ANS, make adjustments
based on this information. Midbrain structures and
areas of the cortex, including the medial pre-
frontal, also receive this information and are now
known to control brain stem mechanisms 
(see reviews, Verberne and Owens 1998; Armour
and Ardell 1990). Brain-imaging techniques have
verified much of the functional neuroanatomy of
these cardiovascular control systems in humans
(Critchley et al. 2003; Gianaros et al. 2004)

Behavioral scientists and epidemiologists have
established that certain patterns of behavior, stress
reactions, and forms of mental illness increase the
risk that a person will develop cardiovascular dis-
ease. Early work suggested that a pattern of com-
petitive, hostile, impatient behavior (the Type A
behavior pattern) created a risk factor for heart 
disease; current work continues to support this 
view (reviewed in Treiber et al. 2003; Rozanski 
et al. 2001). Relatedly, cardiovascular reactions to
behavioral challenges predict subsequent hyperten-
sion as well as atherosclerosis development. Mental
depression and an associated decrease in beat-to-
beat variability of the heartbeat also have been
clearly related to cardiovascular disease (Carney
and Freedland 2003; Carney et al. 2001). In short,
the brain control of the cardiovascular systems
appears to have implications for disease. Cardio-
vascular disease also has clear effects on brain
function. This is most notable for stroke, but 
relatively mild hypertension now appears to alter
the brain’s function during mental tasks. Anatomi-
cally, heart failure is associated with loss of gray
matter within the brain (Woo et al. 2003).

The promise that these cardiovascular brain linkages
may be exploited to combat heart disease and pro-
mote cardiovascular health has not yet been fully
realized. An impressive array of individualized and
public health–oriented behavioral changes, stress
management, and relaxation/health enhancement
techniques have been developed and applied in
short-term studies to patients and individuals at risk
for cardiovascular disease (Orleans 2000). However,
the beneficial effects remain largely untested in
large scale randomized clinical trials and, when
tried, have not been uniformly successful (Rozanski
et al. 2001; Davies et al. 2004). Perhaps this is not
surprising given the complexity of the central nerv-
ous system and our rather primitive knowledge of
its basic operation. However, the brain is a key 
player in cardiovascular disease but a poorly under-
stood player. A focus on its role in the development
and treatment of cardiovascular disease is overdue.

Immune system response

The immune system consists of mobile, infection-
fighting cells (called T, B, and accessory cells),
distributed in key locations to defend the body
against the invasion of pathogens. All immunocytes
originate in the bone marrow, but T cells develop
their mature functions in the thymus gland, whereas
B cells probably receive their “education” within the
bone marrow itself, at least within mammals. Both
of these educative regions are referred to as primary
immune tissue. Once educated, immunocytes move
about the body in the bloodstream and lymph ves-
sels, residing for periods of time in secondary tissues
such as lymph nodes and spleen and in tertiary
immune tissues such as the gut, the skin, and the
brain. Primary, secondary, and tertiary immune
responses are innervated by parasympathetic, sym-
pathetic, and sensory nerves. Immunocytes are, at
some times in their lives, able to respond to many
neurotransmitters and other chemical messengers
and to virtually every hormone in the body, and
they move about in the body as needed to fight an
infection or heal a wound.
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One such chemical messenger, calcitonin gene–
related peptide (CGRP), is locally produced in 
the thymus and other tissues, including the brain.
CGRP appears to act as a regional regulator of
immune responses. In the thymus it suppresses
activation of T cells and promotes their exit from
the thymus when mature, or “educated.” Expressed
in the brain in instances of brain damage, CGRP
is one of a series of molecules that may serve to
keep the immune system “quiet.” When someone
suffers brain or spinal cord injury, much of the
resulting disability comes from so-called secondary
damage, brought about by excessive inflammatory
reactions. CGRP and its partners may help keep
this damage to a minimum.

Stress hormones such as cortisol and epinephrine
help send immune cells to places where they are
needed (a phenomenon known as trafficking), and,
along with the sympathetic and parasympathetic
nervous system, regulate the acute-phase response
to an infection or wound. In a simplistic overview,
the sympathetic nervous system, with epinephrine
as its messenger, enhances the production of
proinflammatory cytokines, whereas the parasym-
pathetic nervous system has anti-inflammatory
effects, at least in part by enhancing the produc-
tion of anti-inflammatory cytokines that inhibit
and otherwise modulate the inflammatory cyto-
kine response. Cortisol is also well known for its
anti-inflammatory actions—as anyone who has
been treated for poison ivy can attest—and for its
ability to shift the immune response toward the
production of antibodies and away from a more
immediate inflammatory response.

GASTROINTESTINAL FUNCTION AND THE BRAIN

Unique importance of the gut in mood and 

affective state 

The unique relationship between the brain and the
digestive organs collectively known as the gut has
been recognized by the lay public and by practi-

tioners of healing traditions going back to ancient
times—long before the recent scientific interest in
brain-gut interaction. This close relationship is
reflected in colloquial expressions like “gut feel-
ings,” often associating the gut with negative emo-
tional experiences, in commonly held beliefs that a
heavy meal may impair our ability to think and
cause bad dreams, and in the widely held concept
that stress causes “butterflies” in the stomach
(Mayer et al. 2000). Hippocratic medicine impli-
cated the secretions from the liver in the mood
(melancholy, for example, was ascribed to black
bile), and traditional Chinese medicine postulates
close relationships between mood states and ener-
gy flow in different viscera (such as liver chi defi-
ciency or spleen chi stagnation) (Tan et al. 2004).
Only within the last hundred years has the close
relationship of the brain and the digestive system
become the focus of increasing scientific investiga-
tion. From the Russian school of corticovisceral
interactions in the early parts of the twentieth 
century to the current concept of brain-gut inter-
actions, there has been continuous progress toward 
a better understanding of the two way interactions
between brain and gut in health and disease
(Anonymous 1, 2000).

Gut feelings and “visceral” reactions merit attention:
The gut is one of the most important interfaces an
organism has with its environment. It is unquestion-
ably the largest. Whereas, in humans, the spread-out
cerebral cortex would cover several square feet, the
gut, if stretched out and ironed flat, would cover an
entire football field. The gut has its own nervous
system and hormone producing cells, as well its own
immune system. Furthermore, its lumen contains an
impressive array of bacteria. These systems function
semiautonomously and are intricately linked to their
counterparts in the body and brain.

Stress and gastrointestinal disease

Scientific interest in brain-gut interactions derives
in large part from the well-known fact that stressful

           



events can trigger or aggravate some of the most
common chronic disorders of the digestive system,
including functional GI disorders, inflammatory
bowel disease, gastroesophageal reflux disease
(GERD—sometimes known as heartburn) and
peptic ulcer disease. The observation that stressful
events precede symptom exacerbation is based on
several well-designed surveys in patients with func-
tional GI disorders (Drossman et al. 2002). In
addition, acute, life-threatening stress episodes in
adult life (rape, post-traumatic stress syndrome) are
an important risk factor in the development of such
disorders. Finally, early life stress in the form of
abuse can make victims more likely to develop
functional GI disorders and inflammatory bowel
disease later in life (Mayer 2000).

In the case of peptic ulcers, recent focus on the 
roles of bacteria (Heliobacter pylori) and nonsteroidal
anti-inflammatory drugs (NSAIDs) has nearly
abolished interest in the role of stress. Nevertheless,
considerable evidence indicates that such a role does
exist (Levenstein et al. 1999). Bacterial infection
itself does not necessarily lead to ulcers; more than 
80 percent of H. pylori–infected individuals never
develop an ulcer. The majority of people who take
NSAIDs never develop ulcers; in people with peptic
ulcers unrelated to NSAID use, at least 10 percent
are not infected with H. pylori (Peterson and
Graham 1997). It is intriguing to speculate that 
certain life stressors may determine which H. pylori
positive individuals actually develop an ulcer, and
which patients develop the more general symptoms
of dyspepsia instead, without an ulcer.

The epidemiological evidence to support a causal
relationship between life events and disease activity
in heartburn is less conclusive. The primary infor-
mation about a role of stressful life events comes
from a population-based survey, in which 64 per-
cent of patients indicated that stress increased their
symptoms (Anonymous 2, 1988). These results may
be complicated by the fact that anxious patients

exposed to long periods of stress are more likely to
notice stress-induced symptom exacerbation.

The brain-gut axis The association of stressful life
events with various chronic GI disorders is an
obvious consequence of the close interactions
between the brain and the GI tract. However, the
evolving understanding of brain-gut interactions
suggests a much wider role of these interactions in
health and disease.

An organism’s response to stress is generated by a
network of integrative brain structures, such as the
paraventricular nucleus (PVN) of the hypothalamus
and the amygdala. These structures receive informa-
tion about the general state of the body via a net-
work of neural “microphones” in the digestive tract
and throughout the body; they also receive input
from cortical structures including the medial pre-
frontal and anterior cingulated cortices, both of
which are involved in stress and emotion (Bandler et
al. 2000). This same integrative network sends out-
going signals to the pituitary and other endocrine
locations, which in turn mediate the neuroendocrine
and autonomic output to the body including the GI
tract. The parallel outputs of this central circuitry
have been referred to as the “emotional motor sys-
tem” (EMS) (Anonymous 3, 1996). The EMS is
activated in response to disturbances in both the
internal and external environment, and generates
responses of the ANS, the endocrine response, the
brain’s pain control system, and other pathways.

One important chemical mediator of the stress
response in general, and of stress-induced GI
changes in particular, is corticotropin releasing factor
(CRF) and probably other unknown molecules
located in certain neurons of the PVN, the amyg-
dala, and a few other areas (Valentino et al. 1999).
Central injection of CRF can reproduce behavioral
and gastrointestinal responses similar to those seen
in acute psychological stress. When CRF-mediated
responses are inhibited by molecules that block the
substance (Tache et al. 2004), or in experimental
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animals missing the gene, a decrease in the animal’s
response to stress results (Timpl et al. 1998).

The two-way interactions between the various 
outputs of the EMS and GI function are unique
compared to such interactions with other visceral
organs. Besides its well-characterized role in food
processing and assimilation, the GI tract has other
functions, unrelated to nutrition, that are incom-
pletely understood.

For example, between the layers of the gut is the
enteric nervous system (also referred to as the little
brain, or the second brain (Gershon 1998), a set 
of neurons equaling in number those of the spinal
cord. The enteric nervous system is considered the
third branch of the autonomic nervous system,
which regulates and integrates essential gut func-
tions, such as motility, secretion, and mucosal
blood flow.

Contained within the gut’s lining is a large num-
ber of so-called enterochromaffine cells. These 
cells secrete neurotransmitters and other chemical 
messengers to nearby neurons—in fact, entero-
chromaffine cells may be considered the largest
endocrine organ in the body. These cells help 
regulate a wide range of functions, including 
peristaltic activity, satiety, and food intake. Since
enterochromaffine cells contain 95 percent of the
body’s serotonin, one may speculate that they are
also involved in the modulation of mood, sleep,
and pain, possibly by modulating the activity of
vagal-afferent pathways reaching the brain.

The gut’s inner layers also contain a large number
of immune cells, the so-called gut-associated
immune system, which is influenced by neuroen-
docrine signals and by the autonomic nervous sys-
tem (Mowat et al. 2004). Exposure of gut immune
cells early in life to antigens may play an important
role in the development of a healthy immune
response and in the development of various auto-
immune disorders later in life. It has been suggest-

ed that the reduced exposure of children growing
up in Western societies to bacterial and parasitic
antigens may have consequences for the respon-
siveness of the adult immune system, predisposing
them to the development of such autoimmune 
disorders as inflammatory bowel disease.

Finally, the gut contains an elaborate system made
up of microorganisms referred to as the microflora.
When viewed together the microflora make up 
an additional “organ” larger than the liver. These
microorganisms secrete chemicals to communicate
with each other, as well as with cells lining the gut
(Shanahan 2002).

These signals may play a role in preventing inflam-
mation of the gut wall, as well as in the development
of malignancies. Therapeutic attempts to increase
the number of the beneficial microorganisms have
been used to treat a variety of gastrointestinal disor-
ders, such as inflammatory bowel disease.

Taken together, these four elements of the gut’s
neuroendocrine immune system all provide infor-
mation to the central nervous system via nerves
that may be important in regulating mood and
other mental processes (Craig 2002). For example,
vagal afferents from the GI tract are likely to play
a prominent role in pain modulation, immune
activity, and interactions between the brain’s 
emotional and cognitive centers (Tracey 2002).

In summary, brain-gut interactions play an impor-
tant but incompletely understood role in health
and disease. While stress-related disorders of GI
function are well known, the precise role of gut
signaling to the brain in health and disease has
become a new frontier in research with potential
implications for a wide range of medical and 
psychiatric conditions.

The importance of socioeconomic status 

Socioeconomic status (SES), which is most com-
monly measured using some combination of infor-
mation about education, occupation, and income, has

     



a strong and persistent association with health and
behavior (Duncan et al. 1998). Thus, exposure to
stressful life events might be particularly relevant in
understanding disparities in both health and cogni-
tive outcomes (McCloyd 1998; Lupien et al. 2000).
Besides stressful life events, the daily lives of people
will differ across income and education and result in
different levels of ongoing stress, as well as differ-
ences in lifestyle that include diet, exercise, tobacco
use, and many other factors that also influence health
via many of the same pathways that are activated by
stress. Many of these effects begin early in life.

Stressful experience has been extensively shown to
affect brain development at many levels of organi-
zation, from molecules to neural systems (Lupien
et al. 2000; Greenough et al. 1987; Rosenzweig
and Bennett 1996; McEwen 2001). Thus, differ-
ences in stress that are associated with SES differ-
ences may lead to differences in human brain
development and subsequent health and behavioral
outcomes. Evidence for this has been provided by
the fact that children growing up in low socio-
economic environments have higher salivary levels
of cortisol by age 6, relative to their higher SES
peers (Lupien et al. 2000). Furthermore, this bio-
logical marker of stress is associated both with
maternal depression and with family income,
suggesting that access to resources and stress are
intertwined, and themselves associated with mental
health and disease. Children who grow up in lower
SES environments are in fact exposed to numerous
emotional, cognitive, and physiological stressors
that are risk factors for negative developmental
outcomes, including family violence and instability,
decreased access to academic resources, and lower
quality air and water (Evans 2004).

Genetic predisposition may play a role, based on
the studies by Caspi and coworkers that show a
difference in risk for adult antisocial behavior from
childhood abuse related to different alleles of the
enzyme monoamine oxidase A, which metabolizes

biogenic amines (Caspi et al. 2002). At the same
time, adversity in the home and living environment
has been shown to be associated with increased
body mass and blood pressure by age 9 (Evans
2003). Moreover, childhood SES leaves a lasting
mark on metabolism, physical activity, and health 
of the teeth, among other effects that are not
erased by upward or downward mobility later in 
life (Poulton et al. 2002).

In addition to its associations with health, SES 
has long been known to be associated with cognitive
development; parallels with the development of 
language skills are particularly strong (Whitehurst
1997; Noble et al. 2005). Access to good quality
health care is influenced by literacy levels—so much
so that the Organization for Economic and
Cooperative Development cites, as one of its three
broad priorities for action in improving global
health care, the reduction of widespread inequities
in literacy, education, and the distribution of income
(Bennett 2003).

Although not all factors that mediate the relation-
ship between SES and academic achievement are
necessarily related to an individual’s experiences,
evidence from a variety of sources indicates that at
least part of the SES gap in cognitive performance
is attributable to childhood environment (Capron
and Duyme 1990; Duncan et al. 1994; Ramey and
Ramey 1998; Jackson et al. 2000). Importantly, it
has been shown that the proportions of IQ attrib-
utable to genes and environment differ across SES
(Turkheimer et al. 2003). Specifically, in lower
SES families 60 percent of the variance in IQ is
accounted for by environmental factors, whereas
the contribution of genes is close to zero; in afflu-
ent families, the result is almost exactly the reverse.
Further, children in lower SES neighborhoods are
at an increased risk for emotional and behavioral
problems above and beyond any genetic risk, sug-
gesting a direct link between neighborhoods and
child mental health (Caspi et al. 2000).
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This suggests that academic difficulties that occur
in an environment with limited access to resources
may be quite different—in terms of both develop-
ment and response to intervention—from those
that arise despite plentiful access to resources. The
use of neuroimaging could potentially help to tease
such effects apart, extending our knowledge
beyond the limitations of behavioral data.
Preliminary evidence of such a possibility comes
from data that suggest that higher SES children
who struggle with reading show greater evidence
of a neurobiological marker of reading disabilities
than do lower SES children who demonstrate the
same difficulties but whose impairments are pre-
sumably more likely to be rooted in differences in
the literacy environment (Eckert et al. 2001).

HOW CAN WE INTERVENE TO TREAT STRESS-

RELATED DISORDERS?

Many of the common diseases of modern life such
as cardiovascular diseases and disorders related to
overweight and physical inactivity are largely 
preventable, or at least can be significantly atten-
uated, with changes in behavior and lifestyle, and
thereby contribute to reducing health care and
insurance costs. Because stress plays a significant
role in determining the lifestyles and behaviors
that cause these problems, stress reduction pro-
grams are an increasingly important component 
of preventative health care.

The reactions to stressful events, i.e., allostasis lead-
ing to allostatic load, begin in the brain, and the
nervous system controls not only the autonomic
and neuroendocrine responses but also the health-
promoting and health-damaging behaviors and the
emotions, memories, and decision-making capabili-
ties that determine which behaviors are chosen.

The ultimate goal of studying the many levels of
response to stress is, of course, to keep the fight or
flight response on our side and to avoid the imbal-
ances that lead to disease. This cannot be done sim-

ply by addressing one system at a time; rather, the
multiple mediators of stress and allostasis must be
considered in relation to many systems of the body
that are all affected in parallel. This is important
because the systems that help us adapt to stressors,
such as hormones and the autonomic nervous sys-
tem, can also contribute to mental disorders when
not functioning properly. Thus, it is important to
consider how they can be kept in balance so that
they turn on when needed and turn off again when
no longer needed. In maintaining an optimal
response, two areas are most important: physical 
and mental fitness and a healthy diet.

The influence of fitness and diet

Fitness In recent years a substantial body of
research has addressed the relationship between
fitness, cognition, and brain function and struc-
ture. Research with nonhuman animals has shown
that fitness training increases levels of key neuro-
chemicals that improve plasticity and neuronal 
survival, such as brain-derived neurotrophin factor
(BDNF) (Neeper et al. 1995), insulinlike growth
factor 1 (IGF 1) (Carro et al. 2001), and serotonin
(Blomstrand et al. 1989), as well as reduced cortico-
steroid levels (Cameron and McKay 1999). Other
studies have reported that fitness interventions
increase the development of new capillaries, pre-
sumably to support increased neuronal activity, in
rodents (Black et al. 1990; Isaacs et al. 1992) and
primates (Rhyu et al. 2003). Indeed, this added
vasculature has been shown to be functional: Rats
that exercise on an activity wheel have both a
greater resting blood flow and a greater “reserve
capacity” in response to increased oxygen demand
compared with those not allowed to exercise
(Swain et al. 2003). Finally, there have been 
a number of recent demonstrations of enhanced
learning and memory (Anderson et al. 2000; van
Praag et al. 1999a) and neurogenesis with fitness
training (van Praag et al. 1999b; Rhodes et al.
2003; Trejo et al. 2001).

        



Until recently, human studies have primarily
examined the influence of fitness training on
selective aspects of perception, cognition, and
motor function. Prospective epidemiological 
studies have found that older adults with higher
fitness levels at baseline assessments tend to 
have better cognition and reduced incidence of
Alzheimer’s dementia five to eight years later
(Laurin et al. 2001; Yaffe et al. 2001). In a recent
meta-analysis of randomized clinical trials of 
fitness training effects on cognition, Colcombe
and Kramer (2003) reported that while fitness
training has a positive effect on a broad array of
cognitive processes, the greatest benefits showed
up in executive control processes such as working
memory, interference control, planning, and
scheduling that are supported in large part by
frontal and prefrontal regions of cortex. A number
of other variables were uncovered. Fitness effects
were larger for studies that had a greater propor-
tion of female participants, when aerobic training
was combined with strength- and flexibility-train-
ing protocols and with longer training protocols.
An important question for future research 
concerns the biological mechanisms underlying 
these effects.

Several recent studies have also examined fitness
differences and fitness training effects on human
brain function using magnetic resonance imaging
(MRI) and functional magnetic resonance imaging
(fMRI) techniques. Colcombe et al. (2003) report-
ed that older adults who were fit displayed reduced
declines in cortical volume in frontal, parietal, and
temporal cortices. Furthermore, this reduction in
decline was larger in adults older than 65 years 
as compared to younger (55 to 65 years or older)
study participants. Similar patterns of cortical vol-
ume effects have recently been observed in a ran-
domized clinical fitness training trial. Increases in
the efficiency of cortical circuits that support
attentional function (the ability to selectively focus

on some information and ignore task irrelevant
information) have also recently been reported in
both a cross-sectional and randomized clinical trial
study of fitness effects on brain function
(Colcombe et al. 2004).

Exercise is an extremely effective treatment for
mild to moderate depression, equaling the thera-
peutic efficacy of antidepressants, with fewer nega-
tive side effects and greater long-term compliance.
It also tends to improve sleep quality and quantity.
The antidepressant and sleep-enhancing benefits
of vigorous exercise may contribute to the overall
beneficial effect of exercise on cognitive function.

In summary, an increasing body of data in recent
years indicates improvements in cognition, brain
structure, and function with improvements in fit-
ness. Future studies will be necessary to extend this
research to determine the relationship between
other lifestyle factors (social activities, nutrition,
intellectual engagement, etc.) and fitness in pro-
moting successful aging.

Diet Clinical trial evidence suggests that losing 
7 percent of body weight and maintaining 30-60
minutes of physical activity per day may lead to
reductions in the incidence of chronic disease.
Unfortunately, even these modest goals require
intensive efforts and a high degree of personal
commitment as well as support from others.
Crucial to success for many individuals are educa-
tion about the benefits of weight loss and fitness,
and education and training in proper nutrition and
exercise strategies.

Analysis of reported behaviors from the Diabetes
Prevention Program highlighted the need to teach
“dietary restraint skills,” as well as strategies to
reduce “binge eating” and “fantasizing about
favorite foods” (Delahanty et al. 2002). Further-
more, evidence suggests a number of behavioral
strategies to be effective, such as self-monitoring
and stress management. For instance, keeping a
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food diary and periodic weigh-ins are significant
predictors of success at weight loss. Stress-reducing
interventions such as cognitive behavioral therapy
and guided imagery have also been helpful in
restructuring thoughts and behavior related to food
intake, body image, and self-care. In one pilot
study done at Canyon Ranch, participants in an
employee weight-loss program who listened regu-
larly to a guided-imagery cassette tape for weight
loss lost almost twice as much weight as partici-
pants who listened to a music tape without guided
imagery.

An imbalance between the brain’s “executive”
control and its reward and hunger systems may
override a person’s efforts to restrain food intake.
People under chronic stress have been demon-
strated to gain weight over time; in addition, the
dietary restraint so necessary for successful weight
loss may itself be a source of psychological distress.
Compounding this problem is evidence that those
who most need to make dietary changes for health
reasons may have lower cognitive resources with
which to cope with the demand. Both obesity
(Elias et al. 2003) and impaired glucose tolerance
(Convit et al. 2003) have been associated with
lower cognitive performance, while Del Parigi and
colleagues (2004) have demonstrated that both the
obese and “recovered obese” (obese individuals who
lose weight) show similar hyper reactivity of emo-
tional neural centers in response to food stimuli. It
appears that the ongoing battle being fought out
between the prefrontal cortex and the amygdala
may result in poor dietary choices, which abound
in our food-rich environment.

Strategies for improving allostasis and reducing

allostatic load

We now turn to a discussion of how several key
systems can be treated using strategies that
emphasize physical and mental fitness and diet.

Immune system modulation/inflammation So far,
the best way to keep the immune system in balance

seems to be through indirect measures. One is to
optimize the day-night rhythms of the autonomic
nervous system and cortisol secretion, and to
improve the parasympathetic nervous system’s 
control—since all of these systems influence
immune activity. Once again, increasing exercise
(during the day) is the most productive step anyone
can take. Exercise can improve parasympathetic
tone (Levy et al. 1998) and can help guarantee a
good night’s sleep. Improving restorative sleep for
sleep-deprived individuals may also keep the
immune response in balance. Meditation and other
types of mindfulness training may also be useful,
but these have not been extensively and rigorously
tested for their long-term effects.

Heart-rate variability (HRV) taps into the para-
sympathetic/sympathetic balance, which affects
not only cardiovascular function but also the bal-
ance of inflammatory and anti-inflammatory
cytokines. Reduced HRV is a useful index in cer-
tain psychiatric conditions (e.g., depression) and
indicates potential risk for heart attack and stroke.
The relationship of HRV to inflammation has not
been extensively studied because the two fields—
inflammation and cardiovascular—are only now
beginning to communicate because of the realiza-
tion that cardiovascular disease (CVD) has an
inflammatory component.

Specific mind-body techniques have been devel-
oped to enhance HRV. Through biofeedback
training, for instance, individuals can observe on 
a computer screen the beat-to-beat changes in
their heart rate and learn to increase their HRV
by modulating their breathing and shifting their
emotional state with positive imagery. With 
continued practice of these techniques, HRV
enhancement is maintained outside of the
biofeedback office.

Inflammation is also linked, through specific bio-
chemical pathways, to the pattern of nerve cell
damage known as oxidative stress, a hallmark of

       



various disorders including diabetes, cardiovascular
disease, and Alzheimer’s disease. Proinflammatory
processes feed forward to exacerbate the genera-
tion of the free radicals that damage membranes
and DNA (Clark and Valente 2004). This vicious
cycle is exacerbated by glucose (Leehey et al. 2005)
and by stress (Bierhaus et al. 2003), and it 
is an important factor in disorders such as diabetes
(Bierhaus et al. 2001). There are several ways to
interfere with this vicious cycle: For example,
agents that enhance parasympathetic activity 
via activation of the cholinergic system agents
(Borovikova et al. 2000) are useful in quelling
inflammation, and antioxidants such as vitamins 
E and C are also useful in quenching free radicals
and reactive oxygen species that are linked to
oxidative stress. But both of these treatments are
dangerous if they are too drastic, and they must 
be used in moderation. This is because each is tap-
ping into an interacting network of mediators, not
a linear sequence of cause and effect. This means
that pharmacological treatments must not be so
harsh as to distort the network and cause excessive
changes in other mediators that may lead to
unwanted side effects.

Exercise and diet It is entirely possible to correct
undesirable neural responses to stress by simply
increasing physical activity. Exercise is an effective
treatment for depression (Blumenthal et al. 1999),
improves parasympathetic tone (Levy et al. 1998),
and may improve cognitive function (Colcombe 
et al. 2004). These benefits may also make exercise
the best remedy against overeating—it is a logical
assumption, though untested formally, that indi-
viduals with high cardiovascular fitness are less
likely to increase food intake in response to stress-
ful circumstances. In one study, college students
who binged were instructed to take a walk every
time they had a craving for a snack. Students in
this group ate significantly less snack food and 
lost more weight than a matched group of control
subjects who were not given such instructions.

Although stress management or cognitive therapy
should be helpful for people whose chief coping
mechanism is food, little long-term data exist to
confirm this proposition. Alternatively, it may be
best to recognize the limitations of individual pre-
frontal control over the amygdala/stress responses
and to concentrate on providing an ideal dietary
environment. Academic and medical professionals,
the food industry, and retailers could play a para-
mount role in creating products and environments
that help consumers eat wisely for weight loss and
maintenance. These could range from products with
clear guidance on caloric and fat content to prod-
ucts that make eating a satisfying experience while
maintaining the overall healthiness of the diet.
However, all these concepts are based on an under-
standing of behavior, and with future advances in
our understanding of the brain’s impact on food
choices, we may even discover how abnormal neural
responses to food can be blunted by novel dietary
strategies and formulations. Therefore, we may
eventually be able to identify the role of the brain 
in eating behaviors.

Changing behavior A growing body of literature
documents the positive impact that behavioral
interventions can have on health. The following
are some examples of randomized, controlled trials
that showed statistically significant outcomes of
behavioral health interventions:

1. Strain et al. (1991) studied hip fracture patients
undergoing postoperative rehabilitation in a
nursing home. The intervention group received,
in addition to the normal rehabilitation pro-
gram, psychiatric evaluation and treatment as
well as consultation with the family regarding
return to the home environment. The length of
hospital stay was reduced by several days with
significant savings in costs.

2. Many studies have examined the role of the
emotions in serious illness. In one study, 60
patients in the early stages of breast cancer
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were invited to write about their experience
with the illness. One group wrote down their
deepest feelings regarding breast cancer, one
wrote only constructive thoughts and feelings,
and the third wrote the facts of their exper-
ience. Compared with the facts-only patients 
at three months, the patients who described
their emotions reported significantly decreased
physical symptoms; the groups detailing their
emotions and their positive thoughts had 
significantly fewer medical appointments 
for cancer-related medical problems than 
the patients who concentrated on the facts
(Stanton et al. 2002).

3. Fawzy et al. (1993) found that patients with
malignant melanoma undergoing a six-week
psychiatric group intervention were able to
reduce stress, enhancing their coping skills.
Patients who did not undergo group counsel-
ing had more recurrence of cancer and a s
tatistically significant greater rate of death
than experimental patients. Higher levels of
baseline distress, as well as baseline coping 
and enhancement of active coping behaviors
over time, were predictive of lower rates of
recurrence and death. Fawzy et al. (2003) 
conducted a follow-up study of the foremen-
tioned cancer survivors and found that, while
the overall effect had weakened, participation
in the intervention was still predictive of
increased survival.

4. In a group of HIV 1 patients, Goodkin et al.
(2001) reported that bereavement support
group therapy, in addition to reducing psycho-
logical distress, helped reduce levels of the
HIV virus in the blood (in conjunction with
reliable antiretroviral medication).

5. In a study that matched 22 CHD patients for
hostility and age, Gidron et al. (1999) showed
that participants in an intervention designed
to reduce hostility had significantly lower dias-

tolic blood pressure and lower self-reported
hostility than a control group that received
information only, both immediately and two
months postintervention.

6. Davidson et al. (2003) showed that an eight-
week mindfulness meditation program signifi-
cantly affected brain and immune function in a
work environment of healthy employees. Study
results showed significant increases in antibody
levels in response to influenza vaccine among
subjects in the meditation group compared
with those in the wait-list control group.

7. Williams and Schneiderman (2002) performed
a major review of research over the last two
decades and concluded that behavioral therapy
modifies disease outcome via psychosocial fac-
tors. That is, psychosocial interventions can
influence subclinical markers of disease along
with clinical outcomes in organic diseases, e.g.,
behavioral interventions can lower risk factors
such as caloric and fat intake, smoking, and
alcohol consumption. Such interventions can
also reduce physical risk factors such as body
mass index and cholesterol levels, and biologi-
cal characteristics including altered endocrine,
cardiovascular, autonomic, and immune system
responses.

8. Mendes de Leon et al. (1991) analyzed the
Recurrent Coronary Preventive Project to
demonstrate that the addition of “Type A
counseling” to standard cardiac counseling
resulted in significant reductions in Type A
behavior and in a 44 percent reduction in 
subsequent heart attacks. Furthermore, the
intervention resulted in significant decreases 
in depression and anger and marginally signifi-
cant gains in social support and well-being,

9. Turner-Cobb et al. (2000) found that greater
quality of social support was associated with
lower cortisol concentrations in women with

   



metastatic breast cancer, which was indicative
of healthier neuroendocrine functioning. The
study intervention involved group therapy 
on emotional adjustment and health. In this
connection, Seeman et al. (2002) found that 
having three or more social ties reduces the
allostatic load score in both men and women.
Thus, promoting social networks is a potential
way of reducing the impact of chronic stress.

Importance of recognizing socioeconomic status

A number of randomized controlled trials have
shown that intervention has the potential to narrow
the health and achievement gap noted across SES.
Results have been promising for interventions
related directly to improving a family’s economic
situation. In some studies, assistance has been pro-
vided in relocating families from public housing to
higher SES neighborhoods. In general, children
who move to less impoverished neighborhoods
have not only higher academic achievement, but
also better physical and mental health (Leventhal
and Brooks-Gunn 2003). Furthermore, a recent
prospective study showed that following a family
income supplement that raised children out of
poverty, the incidence of childhood psychiatric 
disease decreased relative to children whose families
did not receive the supplement (Costello et al.
2003). Educational interventions directed at low-
income families have also been largely successful.
For instance, the IQ of low SES children who have
participated in intensive early education is between
one-half and one full standard deviation higher
than control groups of low SES (Ramey and
Ramey 1998). Although critics often conclude that
the benefits of early intervention wane shortly after
the program ends (Haskins 1989), other studies
have shown sustained (Brooks-Gunn et al. 1994)
and cost-effective (Barnett 1998) effects. Perhaps
the key is to intervene with more precision. This
can be accomplished by more precisely measuring
the outcome, with educational curricula targeting
the particular outcomes, such as language develop-

ment, that are most strongly associated with SES
differences (Noble et al. 2005.

Furthermore, by combining neuroanatomical
information with traditional measures of achieve-
ment, we might one day be able to design inter-
ventions that are more appropriately targeted to an
individual child’s needs in ways that simple behav-
ioral measures alone could not elucidate. Improved
access to resources may reduce stress and improve
academic circumstances, which together would be
likely to decrease SES-related health disparities.

CONCLUSION AND SYNTHESIS: RESEARCH AND

POLICY DIRECTIONS

Stress is an unavoidable feature of the human
experience throughout the life course. Throughout
human history there has been broad awareness of
the connections between the mind and body and
intimations of a role for stress. Yet, the modern
professionalization of medicine and its scientific
underpinnings have tended toward separation both
in the academic preparation of health care practi-
tioners, which carries on into their active practice,
and in scientific and scholarly pursuits.

Stress plays a major role in health and disease from
infancy to old age. It lays the stage or triggers dis-
ease and disability. Yet, biomedicine has become
highly specialized and technical, and we often miss
the forest for the trees by not seeing how behavior
and experiences and other aspects of brain function
are reciprocally connected to body functions over
the life course.

Neuroscience has an enormous contribution to
make to the study of stress since the nervous sys-
tem interprets what is stressful and controls the
behavioral, autonomic, endocrine, and immune
responses to stressors. And stress has both good
and bad sides—the body defends itself acutely, and
yet the same response that defends can become
pathophysiological when there is chronic stress.
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We need to educate medical professionals and the
public in the behavioral neuroscience and integra-
tive physiology that illuminates our current under-
standing of brain-body communication because
this provides a broader perspective in which to
understand the progression toward certain com-
mon diseases and to evaluate intervention strate-
gies. Ideally, the intervention strategies would
include a seamless array of behavioral and lifestyle
interventions, as well as pharmacological means and
osteopathic and other procedures such as, but not
limited to, acupuncture and yoga or meditation, but,
unlike what is done now, they would be based on a
growing appreciation of neuroscience and physiol-
ogy, where we still have a rudimentary understand-
ing of topics such as positive outlook and meaning
and purpose in life, which need to be translated
into physiology. Moreover, the interventions would
be based upon an appreciation of how genes and
experience interact over the life course to alter vul-
nerability to disease. Hence, interventions should
start as early as possible.

Thus, the time has come for unification, that is, for
putting the brain back into medicine and exploring
the new and advancing disciplines from the behav-
ioral sciences, epidemiology, neuroscience, genetics,
endocrinology, immunology, geriatrics, and beyond,
which together can bridge this unfortunate gap—
unfortunate because it has such adverse effects both
upon our understanding of the human condition
and our efforts to be of assistance. However, before
this can happen, more intensive research and dis-
cussion of a number of important issues are crucial.

Some research directions:

1. In relation to the concept of allostatic load,
we need to continue to improve the battery of
surrogate markers that can be thought of as an
expansion of the cholesterol and blood pressure–
screening concept but that tap into a wider range
of interacting body systems and may thus be bet-
ter predictors of disease risk. As noted above, the

allostatic load concept recognizes that mediators
operate as a nonlinear network, e.g., cortisol,
autonomic, inflammatory cytokines, metabolic
hormones, etc. Validation of such a battery may
require the equivalent of another Framingham
study, although ongoing research in large studies
such as CARDIA and NHANES is providing
some of the necessary validation as to the predic-
tive value of such a battery.

2. If the allostatic load markers are used to assess
the health status of people, as is done at Canyon
Ranch and in many similar health programs, as
well as in doctors offices using cholesterol and
blood pressure screening, what are the interven-
tion tools that are available? As a basis for 
further investigation, two of the simplest and
most useful screening instruments are brief
assessments for depression and anxiety. Using
brief eight-question assessments, individuals
suffering from depression or anxiety disorders
can be identified and referred for treatment
with psychotherapy, pharmacotherapy, or
lifestyle change. As noted above, cognitive
behavioral therapy and physical exercise have
both been shown to be effective in the treat-
ment of mild to moderate depression and anxi-
ety disorders. Moreover, depression and anxiety
disorders, which are widely underdiagnosed and
undertreated, are risk factors for a number of
medical conditions.

Lifestyle change How much can we do with diet
and exercise? Many of our most common diseases,
such as heart disease, diabetes, and high blood
pressure, can be prevented or substantially attenu-
ated through a healthy regimen of diet, exercise,
and effective stress management. Maintaining
these lifestyle practices is sustainable if individuals
are given sufficient education about their value for
disease prevention and practical instruction in the
specifics of healthy eating, exercise, and stress
management.

     



Ongoing individual or group support in maintaining
these habits is invaluable for many individuals, but
we need to determine how sustainable they are and
how applicable they may be to different SES levels.
Programs at places such as Canyon Ranch are 
wonderful if one can afford them; however, even
with these programs, returning to normal life is a
different matter and old habits are likely to return.
Obviously, individuals at lower socioeconomic levels,
who have less access to quality health care, health
education, health clubs, and healthy foods, will have
more obstacles to making and sustaining lifestyle
change. Therefore, on a societal and governmental
level, efforts must be made to disseminate health
education information and provide greater access to
resources that support healthy lifestyles. For instance,
health information and lifestyle change programs
can be offered to individuals at low or no cost in
schools, community centers, and religious institu-
tions. Municipalities can create bike paths and bike
lanes, and make indoor space available in schools
and malls for exercise in inclement weather. Many of
the most powerful lifestyle habits, such as walking,
eating smaller portions, or practicing a relaxation
technique, involve little or no expense. The key to
practicing them is education about their benefit and
how to do them properly.

Food industry Can better foods (small portions,
less sugar and saturated-fat content, palatable) be
developed, and can the food and beverage industry
be brought into a synergy to do this? What about
affordability? Governmental regulation of food
industry advertising, similar to regulations limiting
advertising of alcohol and cigarettes, would help to
diminish one of the most powerful societal contribu-
tors to obesity, diabetes, and heart disease. At the
same time, it may be more effective to work with the food
and beverage industries to produce healthier products.

Pharmacological Most people would rather
improve their health with a pill, and yet every
pharmacological agent has side effects, e.g., statins,

aspirin, ibuprofen, diabetes drugs, antioxidants,
tranquilizers, antidepressants. Side effects must be
recognized, and consumers must be warned more
clearly of the risks but also apprised of the poten-
tial benefits.

Besides diet, exercise, and social support, other com-
plementary treatments, such as osteopathic proce-
dures, acupuncture, yoga, behavioral and
psychotherapy have their place in individual
lifestyles. Yet, the jury is still out as to their effective-
ness when one uses accepted methods for evaluating
treatments. These evaluations need to be conducted,
although it is important to note that numerous 
studies have demonstrated the efficacy of behavioral
interventions such as cognitive behavioral therapy,
EMDR, mindfulness-based stress reduction, and
guided imagery in the treatment of conditions such
as anxiety, depression, PTSD, and chronic pain.
There is evidence that patients who make use of
behavioral treatments subsequently require less treat-
ment for medical conditions and have shorter hospi-
tal stays when they do suffer serious medical illness.

In order to facilitate the progress of the rejuvenated
field of mind-body medicine, there are a number of
specific policy recommendations.

1. Encourage private philanthropic support of
studies that bridge the relationship between
mind and body.

2. Further expand the National Institutes of
Health effort through extramural funding by
setting up a specific unit of health administra-
tors whose task and responsibility would be to
help build the field of mind and body and stress.

3. Establish a trans-NIH committee on stress
(allostatic load) particularly involving the neu-
rology, mental health, aging, and heart insti-
tutes and others to strengthen the trans-NIH
intramural research and encourage support for
the extramural program.
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4. Introduce into the medical, nursing, social
work, allied health curriculum attention to the
interrelationships between social economic,
mental, and biological factors, in short, bring-
ing the brain back into medicine.

5. Expand human performance and longitudinal
studies.

6. Continue to build measures of allostatic load
and stress.

7. Bring clear attention to the role of the socio-
economic status and disparities upon human
health.

8. Study the economic benefits that derive from
the integration of social, behavioral, and bio-
logical factors in medicine.

9. Pay particular attention to evolving neuro-
science including brain-gut relationships.

10. Establish a national effort to transform
American lifestyles.

11. Clarify and expand the definition of allostatic
load as a means to quantify the cumulative toll
exerted on the body over time in its efforts to
adapt to life experience.

12. Examine the role of allostatic load upon cog-
nitive health.

13. Study both preventative and therapeutic inter-
ventions that derive from new knowledge of
the role of stress.

14. Transform and translate key information derived
from putting the brain back into medicine into
the broad health care enterprise. This integration
would have many social and economic benefits
and would advance quality of life.

   



Anderson BJ, Rapp DN, Baek DH, et al. 2000. Exercise
influences spatial learning in the radial arm maze.
Physiol Behav 70:425-9.

Anonymous 1. 2000. The biological basis for mind-body
interactions. Amsterdam: Elsevier Science, 413-23.

Anonymous 2. 1988. Gallup survey on heartburn across
America. Princeton, NJ: The Gallup Organization.

Anonymous 3. 1996. The emotional motor system.
Amsterdam: Elsevier Science, 29-158.

Armour JA, Ardell JL. 1990. Neurocardiology. New York:
Oxford University Press.

Bandler R, Price JL, Keay KA. 2000. Brain mediation of
active and passive emotional coping. In EA Mayer, CB
Saper, eds., The biological basis for mind body interactions,
333-49. Amsterdam: Elsevier Science.

Barnett WS. 1998. Long-term cognitive and academic
effects of early childhood education on children in
poverty. Prev Med 27: 204-7.

Bennett J. 2003. Investment in population health in five
OECD countries. Paris: Organization for Economic
Cooperation and Development, 1-125.

Bierhaus A, Schiekofer S, Schwaninger M, et al. 2001.
Diabetes-associated sustained activation of the tran-
scription factor nuclear factor-xB. Diabetes 50:2792-808.

Bierhaus A, Wolf J, Andrassy M, et al. 2003. A mecha-
nism converting psychosocial stress into mononuclear
cell activation. Proc Natl Acad Sci USA 100:1920-5.

Black JE, Isaacs KR, Anderson BJ, et al. 1990. Learning
causes synaptogenesis, whereas motor activity causes
angiogenesis, in cerebellar cortex of adult rats. Proc Natl
Acad Sci USA 87:5568-72.

Blomstrand E, Perrett D, Parry Billings M, Newsholme
EA. 1989. Effect of sustained exercise on plasma amino
acid concentrations and on 5-hydroxytryptamine
metabolism in six different brain regions in the rat.
Acta Physiol Scand 136:473-81.

Blumenthal JA, Babyak MA, Moore KA, et al. 1999.
Effects of exercise training on older patients with major
depression. Arch Intern Med 159: 2349-56.

Borovikova LV, Ivanova S, Zhang M, et al. 2000. Vagus
nerve stimulation attenuates the systemic inflammatory
response to endotoxin. Nature 405:458-62.

Bremner JD. 2002. Neuroimaging studies in posttrau-
matic stress disorder. Curr Psychiatry Rep 4: 254-63.

Bremner JD, Vythilingam M, Vermetten E, et al. 2002.
Reduced volume of orbitofrontal cortex in major
depression. Biol Psychiatry 51: 273-9.

Brook RD, Julius S. 2000. Autonomic imbalance,
hypertension, and cardiovascular risk. Am J Hypertens
13: 112S-22S.

Brooks-Gunn J, McCarton CM, Casey PH, et al. 1994.
Early intervention in low-birth weight premature
infants: results through age 5 years from the Infant
Health and Development Program. JAMA 272:1257-62.

Cameron HA, McKay RD. 1999. Restoring production
of hippocampal neurons in old age. Nat Neurosci 2:894-7.

Capron C, Duyme M. 1990. Assessment of effects of
socio-economic status on IQ in a full cross-fostering
study. Nature 340:552-4.

Carney RM, Blumenthal JA, Stein PK, et al. 2001.
Depression, heart rate variability, and acute myocardial
infarction. Circulation 104:2024-8.

References

25

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

                                      



26

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

Carney RM, Freedland KE. 2003. Depression, mortality,
and medical morbidity in patients with coronary heart
disease. Biol Psychiatry 54:241-7.

Carro E, Trejo LJ, Busiguina S, Torres Aleman I. 2001.
Circulating insulin-like growth factor 1 mediates the
protective effects of physical exercise against brain insults
of different etiology and anatomy. J Neurosci 21:5678-84.

Caspi A, McClay J, Moffitt TE, et al. 2002. Role of
genotype in the cycle of violence in maltreated children.
Science 297:851-4.

Caspi A, Taylor A, Moffitt TE, Plomin R. 2000.
Neighborhood deprivation affects children’s mental health:
environmental risks identified in genetic design. Psychol
Sci 11:338-42.

Clark RA, Valente AJ. 2004. Nuclear factor kappa B
activation by NADPH oxidases. Mech Ageing & Develop
125:799-810.

Cohen H, Kaplan Z, Kotler M, et al. 2004. Repetitive
transcranial magnetic stimulation of the right dorso-
lateral prefrontal cortex in posttraumatic stress disorder:
a double-blind, placebo-controlled study. Am J
Psychiatry 161:515-24.

Colcombe SJ, Erickson KI, Raz N, et al. 2003. Aerobic
fitness reduces brain tissue loss in aging humans.
J Gerontol 58:176-80.

Colcombe SJ, Kramer AF. 2003. Fitness effects on the
cognitive function of older adults: a meta-analytic
study. Psychol Sci 14:125-30.

Colcombe SJ, Kramer AF, Erickson KI, et al. 2004.
Cardiovascular fitness, cortical plasticity, and aging.
Proc Natl Acad Sci USA 101:3316-21.

Conrad CD, Galea LAM, Kuroda Y, McEwen BS.
1996. Chronic stress impairs rat spatial memory on 
the Y Maze and this effect is blocked by tianeptine pre-
treatment. Behav Neurosci 110:1321-34.

Conrad CD, Magarinos AM, LeDoux JE, McEwen
BS. 1999. Repeated restraint stress facilitates fear con-
ditioning independently of causing hippocampal CA3
dendritic atrophy. Behav Neurosci 113:902-13.

Convit A, Wolf OT, Tarshish C, de Leon MJ. 2003.
Reduced glucose tolerance is associated with poor
memory performance and hippocampal atrophy among
normal elderly. Proc Natl Acad Sci USA 100:2019-22.

Costello EJ, Compton SN, Keeler G, Angold A. 2003.
Relationships between poverty and psychopathology:
a natural experiment. JAMA 290:2023-9.

Craig A. 2002. How do you feel? Interoception: the
sense of the physiological condition of the body. Nat
Rev Neurosci 3:655-66.

Critchley HD, Mathias CJ, Josephs O, et al. 2003. Human
cingulate cortex and autonomic control: converging neu-
roimaging and clinical evidence. Brain 126:2139-52.

Czeh B, Michaelis T, Watanabe T, et al. 2001. Stress-
induced changes in cerebral metabolites, hippocampal
volume and cell proliferation are prevented by antide-
pressant treatment with tianeptine. Proc Natl Acad Sci
USA 98:12796-801.

Das UN. 2000. Beneficial effect(s) of n-3 fatty acids 
in cardiovascular disease: but, why and how? Prostag-
landins, Leukotrienes, and Essential Fatty Acids 63:351-62.

Davidson RJ, Kabat Zinn J, Schumacher J, et al. 2003.
Alterations in brain and immune function produced by
mindfulness meditation. Psychosom Med 65:564-70.

Davies SJC, Jackson PR, Potokar J, Nutt, DJ. 2004.
Treatment of anxiety and depressive disorders in
patients with cardiovascular disease. BMJ 328:939-43.

Delahanty LM, Meigs JB, Hayden D, et al. Diabetes
Prevention Program (DPP) Research Group. 2002.
Psychological and behavioral correlates of baseline BMI in
the diabetes prevention program (DPP). Diabetes Care
25:1992-8.

Del Parigi A, Chen K, Salbe AD, et al. 2004. Persistence
of abnormal neural responses to a meal in postobese
individuals. Int J Obes Relat Metab Disord 28:370-7.

Drossman DA, Camilleri M, Mayer EA, Whitehead
WE. 2002. AGA technical review on irritable bowel
syndrome. Gastroenterology 123:2108-31.

                                               



Duncan GJ, Brooks-Gunn J, Klebanov P. 1994.
Economic deprivation and early childhood development.
Child Dev 65:296-318.

Duncan GJ, Yeung WJ, Brooks-Gunn J, Smith JR.
1998. How much does childhood poverty affect the life
chances of children? Am Sociol Rev 63:406-23.

Eckert MA, Lombardino LJ, Leonard CM. 2001.
Planar asymmetry tips the phonological playground and
environment raises the bar. Child Dev 72:988-1002.

Elias MF, Elias PK, Sullivan LM, et al. 2003. Lower
cognitive function in the presence of obesity and hyper-
tension: the Framingham heart study. Int J Obes Relat
Metab Disord 27:260-8.

Ershler W, Keller E. 2000. Age-associated increased
interleukin-6 gene expression, late life diseases, and
frailty. Annu Rev Med 51:245-70.

Evans GW. 2003. A multimethodological analysis of
cumulative risk and allostatic load among rural chil-
dren. Developmental Psychology 39:924-33.

Evans GW. 2004. The environment of childhood
poverty. Am Psychol 59:77-92.

Fawzy Fl, Canada AL, Fawzy NW. 2003. Malignant
melanoma: effects of a brief, structured psychiatric
intervention on survival and recurrence at 10-year 
follow-up. Arch Gen Psychiatry 60:100-3.

Fawzy Fl, Fawzy NW, Hyun CS, et al. 1993. Malignant
melanoma: effects of an early structured psychiatric
intervention, coping, and affective state on recurrence
and survival 6 years later. Arch Gen Psychiatry 50:681-8.

Friedman BH, Thayer JF. 1998a. Anxiety and autonomic
flexibility: a cardiovascular approach. Biol Psychol 49:303-23.

Friedman BH, Thayer JF. 1998b. Autonomic balance
revisited: panic anxiety and heart rate variability.
J Psychosom Res 44:133-51.

Gershon MD. 1998. The second brain: the scientific
basis of gut instinct and a groundbreaking new under-
standing of nervous disorders of the stomach and intes-
tine. New York: HarperCollins Publishers, 1-314.

Gianaros PJ, van der Veen FM, Jennings JR. 2004.
Regional cerebral blood flow correlates with heart period
and high frequency heart period variability during
working memory tasks: implications for the cortical 
and subcortical regulation of cardiac autonomic activity.
Psychophysiology 41:521-30.

Gidron Y, Davidson K, Bata I. 1999. The short-term
effects of a hostility-reduction intervention on male
coronary heart disease patients. Health Psychol 18:416-20.

Gilbertson MW, Shenton ME, Ciszewski A, et al.
2002. Smaller hippocampal volume predicts pathologic
vulnerability to psychological trauma. Nat Neurosci
5:1242-7.

Goodkin K, Baldewicz TT, Asthana D, et al. 2001. A
bereavement support group intervention affects plasma
burdened human immunodeficiency virus type 1. Report
of a randomized controlled trial. J Human Virol 4:44-54.

Gould E, McEwen BS, Tanapat P, et al. 1997.
Neurogenesis in the dentate gyrus of the adult tree
shrew is regulated by psychosocial stress and NMDA
receptor activation. J Neurosci 17:2492-8.

Gould E, Tanapat P, McEwen BS, et al. 1998.
Proliferation of granule cell precursors in the dentate
gyrus of adult monkeys is diminished by stress. Proc
Natl Acad Sci USA 95:3168-71.

Greenough WT, Black JE, Wallace CS. 1987. Experience
and brain development. Child Dev 58:539-59.

Habib GB. 1999. Reappraisal of heart rate as a risk fac-
tor in the general population. European Heart Journal
Supplements 1(H):H2-H10.

Hariri AR, Mattay VS, Tessitore A, et al. 2003.
Neocortical modulation of the amygdala response to
fearful stimuli. Biol Psychiatry 53:494-501.

Haskins R. 1989. Beyond metaphor: the efficacy of
early childhood education. Am Psychol 44:274-82.

Holstege G, Bandler R, Saper CB, eds. 1996. The emo-
tional motor system. Amsterdam: Elsevier, 29-158.

27

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

                                               



28

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

lngjaldsson JT, Laberg JC, Thayer JF. 2003. Reduced
heart rate variability in chronic alcohol abuse: relation-
ship with negative mood, chronic thought suppression,
and compulsive drinking. Biol Psychiatry 54:1427-36.

Isaacs KR, Anderson BJ, Alcantara AA, et al. 1992.
Exercise and the brain: angiogenesis in the adult rat cere-
bellum after vigorous physical activity and motor skill
learning. J Cereb Blood Flow Metab 12:110-19.

Jackson AP, Brooks-Gunn J, Huang CC, Glassman M.
2000. Single mothers in low-wage jobs: financial strain,
parenting and preschoolers’ outcomes. Child Dev
71:1409-23.

Jennings JR. 2003. The autoregulation of blood pres-
sure and thought: preliminary results of an application
of brain imaging to psychosomatic medicine. Psychosom
Med 65:384-95.

Jennings JR, Kamarck TW, Everson Rose SA, et al.
2004. Exaggerated blood pressure responses during
mental stress are prospectively related to enhanced
carotid atherosclerosis in middle-aged Finnish men.
Circulation 110: 2198-203.

Jose AD, Collison D. 1970. The normal range and
determinants of the intrinsic heart rate in man.
Cardiovascular Res 4:160-7.

Kiecolt-Glaser JK, McGuire L, Robles, TF, Glaser R.
2002. Emotions, morbidity, and mortality: new per-
spectives from psychoneuroimmunology. Annu Rev
Psychol 53:83-107.

Krantz DS, McCeney MK. 2002. Effects of psycholog-
ical and social factors on organic disease: a critical
assessment of research on coronary heart disease. Annu
Rev Psychol 53:341-69.

Laurin L, Verreault R, Lindsay J, et al. 2001. Physical
activity and risk of cognitive impairment and dementia
in elderly persons. Arch Neurol 58:498-504.

Leehey DJ, Isreb MA, Marcic S, et al. 2005. Effect of
high glucose on superoxide in human mesangial cells:
role of angiotensin II. Nephron Exp. Nephrol 100:46-53.

Levenstein S, Ackerman S, Kiecolt-Glaser JK, Dubois A.
1999. Stress and peptic ulcer disease. JAMA 281:10-11.

Leventhal T, Brooks-Gunn J. 2003. Children and youth in
neighborhood contexts. Curr Direct Psychol Sci 12:27-31.

Levy WC, Cerqueira MD, Harp GD, et al. 1998.
Effect of endurance exercise training on heart rate vari-
ability at rest in healthy young and older men. Am J
Cardiol 82:1236-41.

Lipsitz LA, Goldberger AL. 1992. Loss of complexity
and aging: potential applications of fractals and chaos
theory to senescence. JAMA 267:1806-9.

Luine V, Villegas M, Martinez C, McEwen BS. 1994.
Repeated stress causes reversible impairments of spatial
memory performance. Brain Res 639:167-70.

Lupien SJ, King S, Meaney MJ, McEwen BS. 2000.
Child’s stress hormone levels correlate with mother’s
socioeconomic status and depressive state. Biol
Psychiatry 48:976-80.

Magarinos AM, McEwen BS, Flugge G, Fuchs E.
1996. Chronic psychosocial stress causes apical dendritic
atrophy of hippocampal CA3 pyramidal neurons in
subordinate tree shrews. J Neurosci 16:3534-40.

Maier SF, Watkins LR. 1998. Cytokines for psycholo-
gists: Implications of bi-directional immune-to-brain
communication for understanding behavior, mood, and
cognition. Psychol Rev 105:83-107.

Malliani A, Pagani M, Lombardi F. 1994. Methods for
assessment of sympatho-vagal balance: power spectral
analysis. In MN Levy, PJ Schwartz, eds., Vagal control of
the heart: experimental basis and clinical implications, 433-
54. Armonk, NY: Futura.

Mayer EA. 2000. Psychological stress and colitis. Gut
46:595-6.

Mayer EA, Naliboff B, Munakata J. 2000. The evolving
neurobiology of gut feelings. In EA Mayer, CB Saper,
eds., The biological basis for mind body interactions, 195-
206. Amsterdam: Elsevier.

                                              



Mayer EA, Saper CB, eds. 2000. The biological basis for
mind body interactions. Amsterdam: Elsevier.

McCloyd VC. 1998. Socioeconomic disadvantage and
child development. Am Psychol 53:185-204.

McEwen BS. 1998. Protective and damaging effects of
stress mediators. N Eng J Med 338:171-9.

McEwen BS. 1999. Stress and hippocampal plasticity.
Annu Rev Neurosci 22:105-22.

McEwen BS. 2001. From molecules to mind: stress,
individual differences, and the social environment. Ann
NY Acad Sci. 935:42-9.

McEwen BS. 2003. Mood disorders and allostatic load.
Biol Psychiat 54:200-7.

McEwen BS, Seeman T. 1999. Protective and damag-
ing effects of mediators of stress: elaborating and test-
ing the concepts of allostasis and allostatic load. Ann
NY Acad Sci 896:30-47.

McEwen BS, Lasley EN. 2002. The end of stress as we
know it. Washington, DC: Joseph Henry Press.

McEwen BS, Wingfield JC. 2003. The concept of
allostasis in biology and biomedicine. Horm & Behav
43:2-15.

McEwen BS, Chattarji S. 2004. Molecular mechanisms
of neuroplasticity and pharmacological implications: the
example of tianeptine. Eur Neuropsychopharm 14:S497-
S502.

Mendes de Leon CF, Powell LH, Kaplan BH. 1991.
Change in coronary prone behaviors in the recurrent
coronary prevention project. Psychosom Med 53:407-19.

Milad MR, Quirk GJ. 2002. Neurons in medial pre-
frontal cortex signal memory for fear extinction. Nature
420:70-4.

Milad MR, Vidal Gonzalez I, Quirk GJ. 2004.
Electrical stimulation of medial prefrontal cortex
reduces conditioned fear in a temporally specific man-
ner. Behav Neurosci 118:389-95.

Mowat Am, Millington OR, Chirdo FG. 2004.
Anatomical and cellular basis of immunity and tolerance
in the intestine. J Ped Gastroenterol Nutr 39:S723-4.

Musselman DL, Evans DL, Nemeroff CB. 1998. The
relationship of depression to cardiovascular disease: epi-
demiology, biology and treatment. Arch Gen Psychiatry
55:580-92.

Nabors-Oberg R, Sollers JJ, Niaura R, Thayer JF. 2002.
The effects of controlled smoking on heart period varia-
bility. IEEE Eng Med Biol Mag 21:65-70.

Neeper S, Gomez Pinilla F, Choi J, Cottman C. 1995.
Exercise and brain neurotrophins. Nature 373:109.

Noble KG, Norman MF, Farah MJ. 2005. Neurocognitive 
correlates of socioeconomic status in kindergarten children.
Dev Sci 8:74-87.

Oitzl MS, Reichardt HM, Joels M, de Kloet ER. 2001.
Point mutation in the mouse glucocorticoid receptor
preventing DNA binding impairs spatial memory. Proc
Natl Acad Sci USA 98:12790-5.

Orleans CT. 2000. Promoting the maintenance of health
behavior change: recommendations for the next genera-
tion of research and practice. Health Psychol 19:76-83.

Peng CK, Buldyrev SV, Hausdorff JM, et al. 1994. Non-
equilibrium dynamics as an indispensable characteristic
of a healthy biological system. Integr Physiol Behav Sci
3:283-93.

Peterson WL, Graham DY. 1997. Helicobacter pylori.
In M Feldman, B Scharschmidt, MH Sleisenger, eds.,
Gastrointestinal and liver disease: pathophysiology, diagno-
sis, management, 604-19. Philadelphia: WB Saunders.

Poulton R, Caspi A, Milne BJ, et al. 2002. Association
between children’s experience of socioeconomic disad-
vantage and adult health: a life-course study. Lancet
360:1640-5.

Psychiatric News. New PTSD therapy: innovative or
smoke and mirrors? http://www.psych.org/pnews/98-
05-15/ptsd.html.

29

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

                                                 



30

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

Pugh CR, Tremblay D, Fleshner M, Rudy JW. 1997. A
selective role for corticosterone in contextual fear con-
ditioning. Behav Neurosci 111:503-11.

Quirk GJ, Likhtik E, Pelletier JG, Pare D. 2003.
Stimulation of medial prefrontal cortex decreases the
responsiveness of central amygdala output neurons.
J Neurosci 23:8800-7.

Radley JJ, Sisti HM, Hao J, et al. 2004. Chronic behav-
ioral stress induces apical dendritic reorganization in
pyramidal neurons of the medial prefrontal cortex.
Neuroscience 125:1-6.

Ramey C, Ramey S. 1998. Prevention of intellectual
disabilities: early interventions to improve cognitive
development. Prev Med 27:224-32.

Rauch SL, Shin LM, Segal E, et al. 2003. Selectively
reduced regional cortical volumes in post-traumatic
stress disorder. Neuroreport 14:913–6.

Reed SW, Porges SW, Newlin DB. 1999. Effect of
alcohol on vagal regulation of cardiovascular function:
contributions of the polyvagal theory to the psycho-
physiology of alcohol. Exp Clin Psychopharmacol 7:484-92.

Rhodes JS, van Praag H, Jeffrey S, et al. 2003. Exercise
increases hippocampal neurogenesis to high levels but
does not improve spatial learning in mice bred for
increased voluntary wheel running. Behav Neurosci
117:1006-16.

Rhyu IJ, Boklewski J, Ferguson B, et al. 2003. Exercise
training associated with increased cortical vasculariza-
tion in adult female cynomologus monkeys. Soc Neurosci
Abst 920.1.

Rosenkranz JA, Moore H, Grace AA. 2003. The pre-
frontal cortex regulates lateral amygdala neuronal plas-
ticity and responses to previously conditioned stimuli.
J Neurosci 23:11054-64.

Rosenzweig MR, Bennett EL. 1996. Psychobiology of
plasticity: effects of training and experience on brain
and behavior. Behav Brain Res 78:57-65.

Rossy LA, Thayer JF. 1998. Fitness and gender-related
differences in heart period variability. Psychosom Med
60:773-81.

Rozanski A, Blumenthal JA, Kaplan J. 1999. Impact of
psychological factors on the pathogenesis of cardiovas-
cular disease and implications for therapy. Circulation
99:2192-217.

Seeman TE, Singer BH, Ryff CD, et al. 2002. Social
relationships, gender, and allostatic load across two age
cohorts. Psychosom Med 64:395-406.

Shanahan F. 2002. The host microbe interface within
the gut. Best Practice and Research Clinical
Gastroenterology 16:915-31.

Sheline YI. 2003. Neuroimaging studies of mood disorder
effects on the brain. Biol Psychiat 54:338-52.

Shin LM, Orr SP, Carson MA, et al. 2004. Regional
cerebral blood flow in the amygdala and medial pre-
frontal cortex during traumatic imagery in male and
female Vietnam veterans with PTSD. Arch Gen
Psychiatry 61:168-76.

Sousa N, Lukoyanov NV, Madeira MD, et al. 2000.
Reorganization of the morphology of hippocampal neu-
rites and synapses after stress-induced damage correlates
with behavioral improvement. Neurosci 97:253-66.

Stanton AL, Danoff-Burg S, Sworowski LA, et al.
2002. Randomized, controlled trial of written emo-
tional expression and benefit finding in breast cancer
patients. J Clin Oncol 20:4160-8.

Sternberg EM. 1997. Emotions and disease: from balance
of humors to balance of molecules. Nat Med 3:264-7.

Stockmeier CA, Mahajan GJ, Konick LC, et al. 2002.
Preliminary evidence that neuronal and glial density is
increased and neuronal size is decreased in hippocampus
in major depressive disorder (MDD). Abst Soc Neurosci
28:497–19.

Strain J, Lyon JS, Hammer JAS, et al. 1991. Cost offset
from behavioral consultation: liaison intervention with
elderly hip fracture patients. Am J Psychiatry 148:1044-9.

                                             



Swain RA, Harris AB, Wiener EC, et al. 2003.
Prolonged exercise induces angiogenesis and increases
cerebral blood volume in primary motor cortex of the
rat. Neurosci 117:1037-46.

Tache Y, Martinez V, Wang L, Million M. 2004. CRF1
receptor signaling pathways are involved in stress-related
alterations of colonic function and viscerosensitivity:
implications for irritable bowel syndrome. Br J Pharmacol
141:1321-30.

Tan S, Tillisch K, Mayer EA. 2004. Functional somatic
syndromes: emerging biomedical models and traditional
Chinese medicine. Evidence Based Complementary
Alternative Medicine 1:35-40.

Task Force of the European Society of Cardiology and
the North American Society of Pacing Electrophysiology.
1996. Heart rate variability: standards of measurement,
physiological interpretation, and clinical use. Circulation
93:1043-65.

Thayer JF, Friedman BH. 1997. The heart of anxiety:
a dynamical systems approach. In A Vingerhoets, ed.,
The (non) expression of emotions in health and disease.
Amsterdam: Springer Verlag.

Thayer JF, Lane RD. 2000. A model of neurovisceral
integration in emotion regulation and dysregulation.
J Affect Disord 61:201-16.

Thayer JF, Lane RD. The role of vagal function in the
risk for cardiovascular disease and mortality. Biological
Psychology (in press).

Timpl P, Spanagel R, Sillaber I, et al. 1998. Impaired
stress response and reduced anxiety in mice lacking a
functional corticotrophin-releasing hormone receptor.
Nat Genet 19:162-6.

Tracey KJ. 2002. The inflammatory reflex. Nature
420:853-9.

Treiber FA, Kamarck T, Schneiderman N, et al. 2003.
Cardiovascular reactivity and development of preclinical
and clinical disease states. Psychosom Med 65:46-62.

Trejo JL, Carro E, Torres Aleman I. 2001. Circulating
insulin-like growth factor I mediates exercise-induced
increases in the number of new neurons in the adult
hippocampus. J Neurosci 21:1628-34.

Turkheimer E, Haley A, Waldron M, et al. 2003.
Socioeconomic status modifies heritability of IQ in
young children. Psychol Sci 14:623-8.

Turner-Cobb JM, Sephton SE, Koopman C, et al. 2000.
Social support and salivary cortisol in women with
metastatic breast cancer. Psychosom Med 62:337-45.

Valentino RJ, Miselis RR, Pavcovich LA. 1999. Pontine
regulation of pelvic viscera: pharmacological target for
pelvic visceral dysfunction. Trends Pharmacol Sci 20:253-60.

van der Hart MG, Czeh B, de Biurrun G, et al. 2002.
Substance P receptor antagonist and clomipramine pre-
vent stress-induced alterations in cerebral metabolites,
cytogenesis in the dentate gyrus and hippocampal volume.
Mol Psychiat 7:933-41.

Van Kampen M, Kramer M, Hiemke C, et al. 2002.
The chronic psychosocial stress paradigm in male tree
shrews: evaluation of a novel animal model for depres-
sive disorders. Stress 5:37-46.

van Praag H, Christie BR, Sejnowski TJ, Gage FH.
1999a. Running enhances neurogenesis, learning, and
long-term potentiation in mice. Proc Natl Acad Sci USA
96:13427-31.

van Praag H, Kempermann G, Gage FH. 1999b.
Running increases cell proliferation and neurogenesis in
the adult mouse dentate gyrus. Nat Neurosci 2:266-70.

Verberne AJ, Owens NC. 1998. Cortical modulation of
the cardiovascular system. Prog in Neurobiol 54:149-68.

Verrier RL, Mittleman MA. 2000. The impact of emo-
tions on the heart. Prog Brain Res 122:369-80.

Vyas A, Mitra R, Rao BSS, Chattarji S. 2002. Chronic
stress induces contrasting patterns of dendritic remod-
eling in hippocampal and amygdaloid neurons.
J Neurosci 22:6810-8.

31

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

                                              



32

ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

Walker DL, Ressler KJ, Lu KT, Davis M. 2002.
Facilitation of conditioned fear extinction by systemic
administration or intra-amygdala infusions of 
D-cycloserine as assessed with fear-potentiated startle
in rats. J Neurosci 22:2343-51.

Weise F, Krell D, Brinkhoff N. 1986. Acute alcohol
ingestion reduces heart rate variability. Drug Alcohol
Depend 17:89-91.

Wellman CL. 2001. Dendritic reorganization in pyram-
idal neurons in medial prefrontal cortex after chronic
corticosterone administration. J Neurobiol 49:245-53.

Whitehurst GJ. 1997. Language processes in context:
language learning in children reared in poverty. In L
Adamson, MA Romski, eds., Research on communication
and language disorders: contributions to theories of language
development, 233-66. Baltimore: Paul H. Brookes
Publishing.

Williams RB, Schneiderman N. 2002. Resolved: psycho-
social interventions can improve clinical outcomes in
organic disease. Psychosom Med 64:552-7.

Woo MA, Macey PM, Fonarow GC, et al. 2003.
Regional brain gray matter loss in heart failure.
J Appl Physiol 95:677-84.

Yaffe K, Barnes D, Nevitt M, et al. 2001. A prospective
study of physical activity and cognitive decline in elderly
women. Arch Intern Med 161:1703-8.

Ziegler D, Laude D, Akila F, Elghozi JL. 2001. Time
and frequency domain estimation of early diabetic 
cardiovascular autonomic neuropathy. Clin Auton Res
11:369-76.

                   



ILC Workshop Report: Stress: Putting the Brain Back Into Medicine

INTERNATIONAL LONGEVITY CENTER-USA

Board of Directors
Max Link, Ph.D., Chair
Marie A. Bernard, M.D.
Edward M. Berube
Cory A. Booker
Robert N. Butler, M.D.
John J. Creedon
Everette E. Dennis, Ph.D.
Susan W. Dryfoos
Robert W. Fogel, Ph.D.
Lloyd Frank
Annie Glenn
Senator John Glenn
Lawrence K. Grossman
Robert D. Hormats
Linda P. Lambert
Naomi Levine
William C. Martin
David O. Meltzer, M.D., Ph.D.
Evelyn Stefansson Nef
Stanley B. Prusiner, M.D.
Albert L. Siu, M.D., M.S.P.H.
Joseph E. Smith
Jackson T. Stephens, Jr.
Catharine R. Stimpson, Ph.D.
Humphrey Taylor
William D. Zabel
John F. Zweig

ILC INTERNATIONAL CENTERS

Directors
Robert N. Butler, M.D., ILC-USA
Shigeo Morioka, ILC-Japan
Baroness Sally Greengross, ILC-United Kingdom
Françoise Forette, M.D., ILC-France
Rosy Pereyra Ariza, M.D., ILC-Dominican Republic
Sharad D. Gokhale, Ph.D., ILC-India
Monica Ferreira, D. Phil., ILC-Sub-Saharan Africa
Lia S. Daichman, M.D., ILC-Argentina

        





International Longevity Center-Canyon Ranch Series

Stress: Putting the Brain Back Into Medicine 

Promoting Men’s Health: Addressing Barriers to Healthy Lifestyle 
and Preventive Health Care

Sleep, Health, and Aging

Masculine Vitality: Pros and Cons of Testosterone in Treating the Andropause

Longevity Genes: From Primitive Organisms to Humans

Is There an “Anti-aging” Medicine?

Biomarkers of Aging: From Primitive Organisms to Man

Achieving and Maintaining Cognitive Vitality with Aging

Maintaining Healthy Lifestyles: A Lifetime of Choices

Prescription for Longevity: Fads and Reality

Single copies are free.
Multiple copies are $3 each.

Publications available online at our website: www.ilcusa.org.

   



CR10-2006-3K-JSP

S
tr

es
s:

 P
ut

ti
ng

 t
he

 B
ra

in
 B

ac
k 

In
to

 M
ed

ic
in

e

INTERNATIONAL LONGEVITY CENTER–USA

60 East 86th Street
New York, NY 10028
212 288 1468 Tel
212 288 3132 Fax 
info@ilcusa.org
www.ilcusa.org

An Affiliate of Mount Sinai School of Medicine

   




