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Preface to the Third Edition

The idea for our original volume first arose in 1979. At that time, the study of
human stress was by no means new. More than four decades earlier, the brilliant
endocrinologist Hans Selye had coined the term “stress” and along with Harvard’s
Walter Cannon had pioneered the study of its then perplexing physiology. John
Mason, at Yale, had not only expanded the work of Selye and Cannon but also
offered a heuristic formulation that made the physiology, especially the endocrinol-
ogy, of stress accessible to even the non-physiologist. In 1939, the Journal of
Psychosomatic Medicine was first published and offered explorations of the inter-
relationships between psychological and physiological processes, with the subse-
quent goal to integrate somatic and psychologically anchored therapies. Thus the
basis for the science and practice of what some would later call “psychosomatic
medicine” and later “stress medicine” was established. The late 1960s and early
1970s saw a virtual “epidemic” of stress-related physical and psychiatric disorders.
Whether it was truly an increase in the incidence of such disorders or simply an
increased acuity in the recognition of such disorders is unclear. Nevertheless, psy-
chiatrists, psychologists, and non-psychiatric physicians were being challenged
with patients who clearly presented with disorders of over arousal and disturbances
in mind-body relationships. Traditional patterns of medical practice for stress-
related illnesses typically focused upon treatment of the end-organ. While this is
often useful and necessary, something seemed to be missing in the treatment
mosaic.

One of the first groups to recognize this omission was the interdisciplinary group
at Harvard Medical School headed by Herbert Benson. Benson, Joan Borysenko,
David Eisenberg, and others who were predecessors or contemporaries of that group
including Paul Rosch, Ernst Gellhorn, Gary Schwartz, and Edmund Jacobson,
believed that in many instances the most effective treatment for stress-related disor-
ders would be those interventions that served to mitigate pathogenic arousal, not
just to mitigate the target organ disease or dysfunction. Sadly, there were no text-
books that attempted to edify and instruct the clinician in the mosaic or continuum
of treatments of the human stress response itself, rather than just its somatic and
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viii Preface to the Third Edition

psychological manifestations. The first addition of this book and its predecessor, a
volume entitled The Nature and Treatment of the Stress Response, were clinical
guides that endeavored to focus on the management and treatment of pathogenic
arousal. As a result of its unique focus, earlier versions of this book found a recep-
tive audience.

Thus 33 years later, this volume has once again been updated. Its purpose remains
the same, that is, to serve as a useful introduction to the psychophysiologic nature
of the human stress response, as well as a practical clinical resource for anyone
interested in managing or treating excessive stress. This book is designed for stu-
dents and practitioners in the fields of psychology, psychiatry, social work, educa-
tion, and public health, as well as anyone else seeking a better understanding of the
complexities of mind-body relationships and further seeking practical guidelines
for intervention.

There seems little doubt that such a volume is still needed. The field of disaster
mental health continues to grow, terrorism remains a constant concern internation-
ally, volatile economic conditions as well as political unrest have set the foundation
for a most anxiogenic world. While the need for a volume such as this seemed great
30 years ago, it seems even greater now as we realize we cannot just continue to
solely treat the manifestation of excessive stress, we must treat the pathogenic pro-
cesses, as well. This is especially true in an environment of rising healthcare costs.

Lastly, given the previous discussion, we must look to the final frontier...human
resilience. In this volume we examine the notions of psychological immunity and
human resilience as we attempt to complete the continuum of care in “stress
medicine.”

Baltimore, MD, USA George S. Everly Jr., PhD, ABPP
Jeffrey M. Lating, PhD
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Part 1
First Study the Science,
Then Practice the Art

Leonardo da Vinci

Part I is the first of three parts that constitute this volume on the nature and treatment
of the human stress response. This series of chapters is dedicated to providing the
reader with a comprehensive introduction to stress phenomenology. The need to
adhere to da Vinci’s urgings to study the science before we practice the art is a virtual
imperative in the case of human stress. The human stress response represents the ulti-
mate intertwining of physiology and psychology. One cannot understand nor fully
appreciate the stress response without a working knowledge of both. Thus we begin.

Chapter 1 is entitled “The Concept of Stress.” It provides the reader with a work-
ing definition of the stress response and related term and concepts derived from the
Selyean tradition.

Chapter 2, entitled “The Anatomy and Physiology of Human Stress” is a func-
tional review of the core anatomical substrates and physiological mechanisms that
constitute human stress. Contained in this chapter, the reader will also find a unique
“systems’ model” that will be used throughout the text to demonstrate the phenom-
enology, measurement, and treatment of human stress. In addition, the reader will
find a “multi-axial” flow chart that should prove of value in better understanding
various interacting physiological mechanisms.

Chapter 3 is entitled “The Link from Stress Arousal to Disease.” It examines
major models of target organ pathogenesis, i.e., the mechanisms that link stress
arousal to disease.

Chapter 4 provides an introductory review of putative stress-related diseases.
While the reviews are by no means comprehensive, they should serve as a useful
introduction to core aspects of psychosomatic medicine.

Chapter 5 addresses the measurement of human stress. Though less enigmatic
than in earlier years, the measurement of human stress remains a most challenging
endeavor fraught with pitfalls than can bias or even cast serious epistemological
doubt on the entire field.

Chapter 6 “Personologic Diathesis” introduces the somewhat novel idea that
human personality can serve to buffer or accentuate exposure to psychosocial stres-
sors. In this chapter, we introduce the work of Theodore Millon, one of the world’s
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greatest personologists and apply his work to suggest that there may be value in
understanding that various personality styles may actually have diatheses, or vul-
nerabilities, related to the manifestation of the stress response.

Finally, Chap. 7 introduces a rather new topic to the mainstream study of human
stress, i.e., human resilience. Resilience is certainly timely and has attracted the
interest of a wide variety of scholars and clinicians.



Chapter 1
The Concept of Stress

To study medicine without reading is like sailing
an uncharted sea.

Sir William Osler, M.D.
Stress, Behavior, and Health

Scientists investigating human health and disease are now reformulating the basic
tenets upon which disease theory is based. For generations, the delivery of health care
services was built upon the “one-germ, one-disease, one-treatment” formulations that
arose from the work of Louis Pasteur. Although clearly one of the great advances in
medicine, yielding massive gains against the infectious diseases that plagued human-
ity, the “germ theory” of disease also represents an intellectual quagmire that threatens
to entrap us in a unidimensional quest to improve human health.

The germ theory of disease ignores the fact that by the year 1960, the primary causes
of death in the USA were no longer microbial in nature. Rather, other pathogenic fac-
tors had emerged. Even four decades ago, it was noted, “New knowledge... has
increased the recognition that the etiology of poor health is multifactorial. The viru-
lence of infection interacts with the particular susceptibility of the host” (American
Psychological Association, 1976, p. 264). Thus, in addition to mere exposure to a
pathogen, one’s overall risk of ill health seems also to be greatly influenced by other
factors. Recent evidence points toward health-related behavior patterns and overall
lifestyle as important health determinants.

The significance of health-related behavior in the overall determination of health
status is cogently discussed by Jonas Salk (1973) in his treatise The Survival of the
Wisest. Salk argues that we are leaving the era in which the greatest threat to human
health was microbial disease, only to enter an era in which the greatest threat to
human health resides in humanity itself. He emphasizes that we must actively con-
front health-eroding practices such as pollution, sedentary lifestyles, diets void of
nutrients, and practices that disregard the fundamentals of personal and interper-
sonal hygiene at the same time that we endeavor to treat disease.

G.S. Everly and J.M. Lating, A Clinical Guide to the Treatment 3
of the Human Stress Response, DOI 10.1007/978-1-4614-5538-7_1,
© Springer Science+Business Media New York 2013
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Stress! While this word is relatively new in the English lexicon, few words have
had such far-reaching implications. Evidence of the adverse effects of stress is well
documented in innumerable sources. Homer’s Iliad describes the symptoms of post-
traumatic stress as suffered by Achilles. In The New Testament, Acts, Chap. 5,
describes what may be the sudden death syndrome as it befell Ananias and his wife
Saphira, after being confronted by Peter the Apostle, for withholding money
intended for missionary service.

Excessive stress has emerged as a significant challenge to public health. More than
30 years ago, the Office of the US Surgeon General declared that when stress reaches
excessive proportions, psychological changes can be so dramatic as to have serious
implications for both mental and physical health (US Public Health Service, 1979).
More recently, the Global Burden of Disease Study (Lopez, Mathers, Ezzati, Jamison,
& Murray, 2006) revealed that mental illnesses represent a significant contributor to
the burden of global disease in high-income and low- and middle-income countries.
The disability-adjusted life year (DALY) represents the number of years of life lost to
premature death and disability; the disease burdens are listed by selected illnesses for
high-income countries:

Ischemic heart disease 12.39 DALY
Cerebrovascular disease 9.35 DALY
Unipolar depressive disorders 8.41 DALY
Alzheimer’s disease and other dementias 7.47 DALY
Trachea, bronchus, lung cancers 5.40 DALY
Hearing loss, adult onset 5.39 DALY
Chronic obstructive pulmonary disease 5.28 DALY
Diabetes mellitus 4.19 DALY
Alcohol use disorders 4.17 DALY
Osteoarthritis 3.79 DALY

Ten leading causes of burden of disease (DALYs) by high income group, 2001

It should be noted that mental illnesses not only rank as the third most burden-
some disease process but also consistent with the observations of Salk (1973) almost
40 years ago, infectious diseases represent significantly less of a global burden upon
health compared to neuropsychiatric disorders and alcohol use. According to the US
Surgeon General (U.S. Department of Health and Human Services, 1999), for per-
sons ages 18-54 years, anxiety and stress-related diseases are the major contributors
to the mental illness in the USA, with more than twice the prevalence (16.4%) of
mood disorders (7.1%). Stress seems to have reached almost epidemic proportions.
Table 1.1 underscores the role that stress may play as a public health challenge.

Finally, reviews by McEwen (2008), Marketon and Glaser (2008), Black and
Garbutt (2002), Kubzansky and Adler (2010) and Brydon, Magid, & Steptoe (2006)
point out the contribution that stress makes to a wide variety of physical diseases.

Contained within the Surgeon General’s report, Healthy People (U.S. Public
Health Service, 1979), was the most significant indication ever that stress and its
potentially pathological effects are considered serious public health factors. The
Surgeon General’s report on mental health (U.S. Department of Health and Human
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Table 1.1 Stress and trauma as public health challenge

* Recent evidence suggests that 82.8% of adults in the USA will be exposed to a traumatic
event during their lifetime (Breslau, 2009)

* Suicide rates in the military seem to be increasing (Kang & Bullman, 2009)

* Twelve-month DSM-IV disorders are highly prevalent in the USA, with 14% experiencing
moderate to severe cases (Kessler, Chiu, Demler, & Walters, 2005)

e Suicide was the tenth leading cause of death in the USA in 2007 and an estimated 11
attempted suicides occur per every suicide death

* An elevated rate of major depression was equal to the rate of PTSD in New York City
residents several months after the attacks on the World Trade Center of September 11, 2001
(Galea et al., 2002)

* Rates of trauma occurrence related to violence, injury/shock trauma, trauma to others, and
unexpected death peaked sharply at age 16-20 years (Breslau, 2009)

e The lifetime prevalence of criminal victimization was assessed among female health
management organization patients and found to be about 57%

* In 2001, the terrorist attacks against the World Trade Center and the Pentagon focus terrorism
against the USA

e Of 2050 American Airlines (AA) flight attendants, 18.2% reported symptoms consistent with
probable posttraumatic stress disorder (PTSD) in the aftermath of the September 11 attacks
(Lating, Sherman, Everly, Lowry, & Peragine, 2004)

e Clearly, trauma and stress are at epidemic proportions in the USA. It seems clear that such
conditions represent a “clear and present danger” to the psychological health of American
society

» Perhaps of greatest concern, from a public health perspective is the realization that veterans
returning from military service in Iraq and Afghanistan are returning home with a high
prevalence of PTSD and PTSD-like syndromes. A recent review of 29 published studies
revealed varying estimates of PTSD. “Among previously deployed personnel not seeking
treatment, most prevalence estimates range from 5 to 20%. Prevalence estimates are generally
higher among those seeking treatment: As many as 50% of veterans seeking treatment screen
positive for PTSD...Combat exposure is the only correlate consistently associated with
PTSD” (Ramchand et al., 2010, p. 59)

e The Veterans Affairs (VA) estimate that about 26% of veterans seeking treatment at VA
facilities meet criteria for PTSD (U.S. Department of Veteran Affairs, Veterans Health
Administration, Office of Public Health and Environmental Hazards, 2010)

Services, 1999) extended those observations made 20 years earlier and even sought
to quantify the burden that mental illnesses represent as a disease entity. If, indeed,
the aforementioned appraisals are credible, then what has emerged is a powerful
rationale for the study of the nature and treatment of the human stress response. To
that end, this book is written.

Defining Stress

In this book written for clinicians, the focus is on the treatment of pathogenic stress.
Yet it may be argued that effective treatment emerges from an understanding of the
phenomenology of the pathognomonic entity itself. In this first chapter, the reader
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will encounter some of the basic foundations and definitions upon which the treatment
of pathognomonic stress is inevitably based.

It seems appropriate to begin a text on stress with a basic definition of the stress
response itself. The term stress was first introduced into the health sciences in 1926
by Hans Selye. As a second-year medical student at the University of Prague, he
noted that individuals suffering from a wide range of physical ailments all seemed
to have a common constellation of symptoms, including loss of appetite, decreased
muscular strength, elevated blood pressure, and a loss of ambition (Selye, 1974).
Wondering why these symptoms seemed to appear commonly, regardless of the
nature of the somatic disorder, led Selye to label this condition as “the syndrome of
just being sick” (Selye, 1956).

In his early writings, Selye used the term stress to describe the “sum of all
nonspecific changes (within an organism) caused by function or damage” or, more
simply, “the rate of wear and tear in the body.” In a more recent definition, the
Selyean concept of stress is “the nonspecific response of the body to any demand”
(Selye, 1974, p. 14).

Paul Rosch (1986) provides an interesting anecdote. Recognizing that the term
stress was originally borrowed from the science of physics, he relates how Selye’s
usage of the term did not conform to original intent:

In 1676, Hooke’s Law described the effect of external stresses, or loads, that produced vari-
ous degrees of “strain,” or distortion, on different materials. Selye once complained to me
that had his knowledge of English been more precise, he might have labeled his hypothesis
the “strain concept,” and he did encounter all sorts of problems when his research had to be
translated. (Rosch, 1986, p. ix)

Indeed, confusion concerning whether stress was a “stimulus,” as used in phys-
ics, or a “response,’ as used by Selye, has plagued the stress literature. As Rosch
(1986) describes:

The problem was that some used stress to refer to disturbing emotional or physical stimuli,
others to describe the body’s biochemical and physiologic response ... and still others to
depict the pathologic consequences of such interactions. This led one confused British
critic to complain, 35 years ago, that stress in addition to being itself was also the cause of
itself and the result of itself, (p. ix)

To summarize the discussion so far, the term stress used in the Selyean tradition
refers to a response, whereas in its original usage, within the science of physics, it
referred to a stimulus, and the term strain referred to the response.

Using the term stress to denote a response left Selye without a term to describe
the stimulus that engenders a stress response. Selye chose the term stressor to denote
any stimulus that gives rise to a stress response.

In summary, drawing upon historical precedent, and consistent with Selye’s original
notion, the term stress is used within this volume to refer to a physiological reaction,
or response, regardless of the source of the reaction. The term stressor refers to the
stimulus that serves to engender the stress response.

With this fundamental introduction to the concept of stress, let us extend the
conceptualization a bit further.
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Ten Key Concepts in the Study of Stress

1. The stimulus that evokes a stress response is referred to a stressor. There are
two primary forms of stressors (Girdano, Dusek, & Everly, 2009): (a) psycho-
social stressors (including personality-based stressors) and (b) biogenic
stressors.

2. Psychosocial stressors become stressors by virtue of the cognitive interpreta-
tion of the event, that is, the manner in which they are interpreted, the meanings
they are assigned (Ellis, 1973; Lazarus, 1966, 1991, 1999; Lazarus & Folkman,
1984; Meichenbaum, 1977). Selye once noted, “It’s not what happens to you
that matters, but how you take it.” Epictetus is credited with saying, “Men are
disturbed, not by things, but the views which they take of them.” For example,
a traffic jam is really a neutral event; it only becomes a stressor by virtue of
how the individual interprets the event (i.e., as threatening or otherwise unde-
sirable). If the individual views the traffic jam as neutral or positive, no stress
response ensues. Some stressors are inherently more stressful than others and
leave less potential variation for cognitive interpretation (e.g., objective exter-
nal threats to one’s safety or well-being, grief, guilt, etc.). But even in these
cases, cognitive interpretation will play a role in the adjustment to the stressor
and serve to augment or mitigate the resultant stress response.

Phenomenological research conducted by Smith, Everly, and Johns (1992,
1993) evaluated the credibility of this notion of a mediating role for psychological
variables in the relation between stressor stimuli and the signs and symptoms of
distress. Using structural mathematical modeling, exploratory and confirmatory
factor analyses, they demonstrated that psychosocial environmental stressors
exert their pathogenic effect upon the human organism primarily through cog-
nitive processes. More specifically, evidence of cognitive—affective discord
predicted signs and symptoms of physical ill health as well as maladaptive cop-
ing behaviors. This notion of a mediating role for cognitive—affective processes
in the stressor-to-illness paradigm is explored in Chap. 2.

3. Biogenic stressors, on the other hand, require no cognitive appraisal in order to
assume stressor qualities; rather, biogenic stimuli possess an inherent stimulant
quality. This stimulant characteristic, commonly referred to as a sympathomi-
metic characteristic, is found in substances such as tea, coffee, ginseng, guar-
ana, ginkgo biloba, yohimbine, amphetamines, and cocaine. Extremes of heat
and cold and even physical exercise exert sympathomimetic effects. Biogenic
stressors directly cause physiological arousal without the necessity of cognitive
appraisal (Ganong, 1997; Widmaier, Raff, & Strang, 2004).

The inclusion of the biogenic sympathomimetic category of stressors in no
way contradicts the work of Lazarus and others who have studied the critical
role that interpretation plays in the formation of psychosocial stressors. Such an
inclusion merely extends the stressor concept to recognize that stimuli that alter
the normal anatomical or physiological integrity of the individual are also
capable of activating many of the same psychoendocrinological mechanisms
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that we refer to as the stress response. Thus, even if a patient convincingly
reports that he or she really enjoys drinking 15 cups of caffeinated coffee per
day, the clinician must be sensitive to the fact that those 15 “enjoyable” cups of
coffee can serve as a powerful stressor activating an extraordinary systemic
release of stress-response hormones such as epinephrine and norepinephrine,
and in doing so can be a contributing factor in cardiac conduction abnormali-
ties, for example. Similarly, individuals who belong to “Polar Bear” clubs and
voluntarily immerse themselves in frigid waters during the winter undergo an
extraordinary stress response characterized by massive sympathetic nervous
system (SNS) arousal. Thus, even though the consumption of caffeine and the
immersion of oneself into frigid bodies of water may truly be reinforcing, that
person still experiences a form of physiological arousal that is accurately
described as a stress response and may pose some risk to health, depending
upon the intensity and chronicity of the exposure to the stressors. These issues
are reiterated once again in Chap. 2.In general, it is important for the clinician
to understand that by far the greater part of the excessive stress in the patient’s
life is self-initiated and self-propagated, owing to the fact that it is the patient
who interprets many otherwise neutral stimuli as possessing stress-evoking
characteristics. Kirtz and Moos (1974) suggest that social stimuli do not directly
affect the individual. Rather, the individual reacts to the environment in accor-
dance with his or her interpretations of the environmental stimuli. These inter-
pretations are affected by such variables as personality components or status
and social role behaviors. These cognitive—affective reactions are also subject
to exacerbation through usually self-initiated exposures to sympathomimetic
stimuli, such as excessive caffeine consumption and the like. Having the patient
realize and accept reasonable responsibility for the cause and reduction of
excessive stress can be a major crossroads in the therapeutic intervention.
Therefore, we also discuss this issue in greater detail in Chap. 3.

. Stress is a response, or reaction, to some stimulus. The stressor—stress response
notion is illustrated in Fig. 1.1.

. The stress response represents a physiological reaction, as defined in the Selyean
tradition (Cannon, 1914; Selye, 1956) has extended this concept somewhat and
conceptualizes the stress response as a “physiologic mechanism of mediation,”
that is, a medium to bring about a result or effect. More specifically, the stress
response may be viewed as the physiological link between any given stressor
and its target-organ effect. This then will be the working definition of stress
used in this volume: Stress is a physiological response that serves as a mechanism
of mediation linking any given stressor to its target-organ effect or arousal.
This notion is captured in Fig. 1.2.

When communicating with patients or simply conceptualizing the clinical
importance of the stress response, however, (Selye’s 1974, 1976) notion that
stress is the “sum total of wear and tear” on the individual seems useful.

. The stress response, as a physiological mechanism of mediation, can be char-
acterized by a widely diverse constellation of physiological mechanisms
(Cannon, 1914; Godbout & Glaser, 2006; Gruenewald & Kemeny, 2007;
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Fig. 1.1 A basic stress Stressor Stress Response
response model :
(stimulus) (response)
Fig. 1.2 The stress response Stressor —— Stress Response —— Target Organ
as a mechanism of mediation Signs/Symptoms
(stimulus) ——= (physiological — (pathological
mechanism effect)
of mediation)

Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002; Mason, 1972; Selye, 1976;
Widmaier, Raff, & Strang, 2004) that may be categorized as (1) neurological
response pathways, (2) neuroendocrine response mechanisms, and (3) endo-
crine response pathways. These potential response mechanisms will be
reviewed in detail in Chap. 2.

Although the mechanisms of the stress response are processes of arousal,
and the target-organ effects are usually indicative of arousal, the stress response
has been noted as entailing such forms of arousal as to cause actual slowing,
inhibition, or complete stoppage of target-organ systems (Engel, 1971; Gellhorn
1968, 1969; Gray, 1985; Selye, 1976; Widmaier, Raff, & Strang, 2004). These
inhibiting or depressive effects are typically a result of the fact that, upon occa-
sion, stress arousal constitutes the activation of inhibitory neurons, inhibitory
hormones, or simply an acute hyperstimulation that results in a nonfunctional
state (e.g., cardiac fibrillation). This seeming paradox is often a point of confu-
sion for the clinician; hence, its mention here.

7. Selye (1956, 1976) has argued for the “nonspecificity” of the stress response.
Other authors (Harris, 1991; Mason, 1971; Mason et al., 1976; Monroe, 2008)
have argued that the psychophysiology of stress may be highly specific with
various stressors and various individuals showing different degrees of stimulus
or response specificity, respectively. Current evidence strongly supports the
existence of highly specific neuroendocrine and endocrine efferent mecha-
nisms. Whether there exists another way of collectively categorizing stress-
response mechanisms may be as much a semantic as a physiological issue
(Brosschot, Gerin, & Thayer, 2006; Everly, 1985a; Selye, 1980).

8. A vast literature argues that when stress arousal becomes excessively chronic or
intense in amplitude, target-organ (the organ affected by the stress response)
disease and/or dysfunction will result (Godbout & Glaser, 2006; Gruenwald &
Kemeny, 2007; Selye, 1956). When stress results in organic biochemical and/or
structural changes in the target organ, these results are referred to as a psy-
chophysiological disease (American Psychiatric Association, 1968) or a psy-
chosomatic disease (Lipowski, 1984). Psychosomatic diseases were first
cogently described by Felix Deutsch in 1927. However, it was Helen Dunbar
(1935) who published the first major treatise on psychosomatic phenomena. In
1968, in the Diagnostic and Statistical Manual of Mental Disorders, second
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edition (American Psychiatric Association, 1968), the term psychophysiological
disorder was used to define a “group of disorders characterized by physical
symptoms that are caused by emotional factors” (p. 46). Thus, we see the terms
psychosomatic and psychophysiological used interchangeably to refer to organ-
ically based physical conditions resulting from excessive stress.

Sometimes these terms are confused with the development of neurotic-like
physical symptoms without any basis in organic pathology. The terms conver-
sion hysteria or somatoform disorders are usually used to designate such non-
organic physical symptomatology.

The Diagnostic and Statistical Manual of Mental Disorders, fourth edition
text revision, used the designation “Psychological Factors Affecting Medical
Condition” to encompass stress-related physical disorders (American Psychiatric
Association, 2000). By virtue of its multiaxial diagnostic schema, this noso-
logical manual allowed clinicians to assess levels of stress and environmental
support as they may affect not only physical symptoms but also psychiatric
symptoms. Physical symptoms without a basis in or manifestation of organic
pathology are subsumed under the somatoform category.

In the context of this volume, it is recognized that stress can be directed
toward discrete anatomical or physiological target organs and therefore can
lead to physical disorders characterized by organic pathology (i.e., psychophys-
iological or psychosomatic disorders); yet we must also recognize that the
human mind can serve as a target organ. Thus, in addition to somatic stress-
related disorders, it seems reasonable to include psychiatric-stress-related dis-
orders as potential target-organ effects as well.

In summary, the terms psychosomatic and psychophysiological disorders are
considered in this book as terms that refer to disorders characterized by physical
alterations initiated or exacerbated by psychological processes. If tissue altera-
tions are significant enough, and if the target organ is essential, then psychoso-
matic disorders could be life threatening. Neurotic-like somatoform disorders,
on the other hand, involve only functional impairments of the sensory or motor
systems and therefore cannot threaten life. Like the psychosomatic disorder,
somatoform disorders are psychogenic; unlike psychosomatic processes, soma-
toform disorders entail no real tissue pathology. Confusion between the psycho-
somatic concept, on one hand, and the somatoform concept, on the other, is
easily understandable. Yet, such confusion may lead to an underestimation of the
potential severity of the disorder, thereby affecting treatment motivation and
compliance.

. Although recent reports emphasize the negative aspects of stress, there do exist

positive aspects as well. Previous writers have viewed the stress response as an
innate preservation mechanism, which in earlier periods of evolutionary devel-
opment allowed us to endure the challenges to survival. Numerous researchers
(Cannon, 1953; Chavat, Dell, & Folkow, 1964; Henry & Stephens, 1977;
Widmaier, Raff, & Strang, 2004) have concluded, and we shall see in later
chapters, that the nature of the psychophysiological stress response is that of
apparent preparatory arousal-arousal in preparation for physical exertion.
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When used in such a way, it is easy to see the adaptive utility of the stress
response. Yet stress arousal in modern times under circumstances of strictly
psychosocial stimulation might be viewed as inappropriate arousal of primitive
survival mechanisms, in that the organism is aroused for physical activity but
seldom is such activity truly warranted and, therefore, seldom does it follow
(Benson, 1975; Widmaier, Raff, & Strang, 2004).

Selye (1956, 1974) further distinguishes constructive from destructive stress
clearly pointing out that not all stress is deleterious. He argues that stress arousal
can be a positive, motivating force that improves the quality of life. He calls
such positive stress “eustress” (prefix eu from the Greek meaning “good”) and
debilitating, excessive stress “distress.” Figure 1.3 depicts the relation between
stress and health/performance. As stress increases, so does health/performance
and general well being. However, as stress continues to increase, a point of
maximal return is reached. This point may be called the optimal stress level,
because it becomes deleterious to the organism should stress arousal increase.
The point at which an individual’s optimal stress level is reached, that is, the
apex of one’s tolerance for stress as a productive force, seems to be a function
of genetic, biological, acquired physiological, and behavioral factors.

Last in this series of assumptions about what stress is and is not, is the point that
confusion exists regarding the role of the nonmedical clinician in the treatment
of the stress response. This is so primarily because the target-organ effects or
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pathologies that result from excessive stress are mistakenly thought of as the
psychophysiological stress response itself. It is important to remember the
distinction that stress is a process of psychophysiological arousal (as detailed in
Chap. 2), whereas the effects and pathologies (such as migraine headache, pep-
tic ulcers, etc.) are the manifestations of chronically repeated and/or intense
triggerings of the psychophysiological stress response (see Chap. 3). Treating
the end-organ pathologies is clearly within the realm of the physician or non-
medical specialist in behavioral medicine. However, the traditional psycholo-
gist, counselor, physical therapist, social worker, or health educator can
effectively intervene in the treatment of the stress arousal process itself. This
includes treating the excessive stress/anxiety that accompanies, and often exac-
erbates, chronic infectious and degenerative diseases.

It is important to understand that this text addresses the clinical problem of
excessive psychophysiological arousal—that is, the excessive stress-response pro-
cess itself. It is not a detailed guide for psychotherapeutic intervention in the psy-
chological trauma or conflict that may be at the root of the arousal (although such
intervention can play a useful role). Nor does this text address the direct treatment
of the target organ pathologies that might arise as a result of excessive stress. We
shall limit ourselves to a discussion of the clinical treatment of the psychophysio-
logical stress-response process itself.

Based on a review of the literature, we may conclude that treatment of the pro-
cess of excessive psychophysiological stress arousal may take the form of three
discrete interventions (see Girdano, Dusek, & Everly, 2009):

1. Helping the patient develop and implement strategies by which to avoid/minimize/
modify exposure to stressors, thus reducing the patient’s tendency to experience
the stress response (Ellis, 1973; Lazarus, 1991, 2006; Meichenbaum, 2007).

2. Helping the patient develop and implement skills that reduce excessive psy-
chophysiological functioning and reactivity (Girdano et al., 2009; Lazarus, 2006;
Lehrer, Woolfolk, & Sime, 2007).

3. Helping the patient develop and implement techniques for the healthful expres-
sion, or utilization, of the stress response (see Girdano, Dusek, & Everly, 2009;
Lehrer, Woolfolk, & Sime, 2007).

Finally, it has been suggested that the clinicians who are the most successful in
treating the stress response have training not only in the psychology of human
behavior but also medical physiology (Miller, 1978; Miller & Dworkin, 1977). Our
own teaching and clinical observations support this conclusion. If indeed accurate,
this conclusion may be due to the fact that stress represents the epitome of mind—body
interaction. As Miller (1979) suggests, mere knowledge of therapeutic techniques is
not enough. The clinician must understand the nature of the clinical problem as
well. Therefore, the reader will find that the treatment section of this text is pre-
ceded by a basic discussion of the functional anatomy and physiology of the stress
response.
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Plan of the Book

The purpose of this text is to provide an up-to-date discourse on the phenomenology
and treatment of pathogenic human stress arousal. As noted earlier, once target-
organ signs and symptoms have been adequately stabilized, or ameliorated, the
logical target for therapeutic intervention becomes the pathogenic process of stress
arousal that caused the target-organ signs and symptoms in the first place. To treat
the target-organ effects of stress arousal while ignoring their pathogenic, phenom-
enological origins is palliative at best, and often predicts a subsequent relapse.

The unique interaction of psychological and physiological phenomena that
embodies the stress response requires a unique therapeutic understanding, as Miller
has noted. Therefore, this volume is divided into three sections: Part I addresses the
anatomical and physiological nature of stress arousal. Also discussed are measure-
ment and other phenomenological considerations. Part IT offers a practical clinical
guide for the actual treatment of the human stress response and addresses a multi-
tude of various technologies. Finally, Part III discusses special topics in the treat-
ment of the human stress response. Also included in this volume are appendices that
provide a series of brief discussions on considerations and innovations relevant to
clinical practice.
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Chapter 2
The Anatomy and Physiology
of the Human Stress Response

It is highly dishonorable for a Reasonable Soul to live in so
Divinely built a Mansion as the Body she resides in, altogether
unacquainted with the exquisite structure of it.

Robert Boyle

In the first chapter, we provided the following working definition of the stress
response: “Stress is a physiological response that serves as a mechanism of media-
tion linking any given stressor to its target-organ effect.” By viewing the phenome-
nology of stress within the context of a “linking” mechanism, we can answer one of
the most critical questions in psychosomatic medicine, that is, through what mecha-
nisms can stressor stimuli, such as life events, lead to disease and dysfunction? The
response to that query will be addressed within the next two chapters.

This chapter describes, within the boundaries of historical reviews and foundations,
current findings and speculation, the anatomical and physiological foundations of the
human stress response by (1) addressing basic neuroanatomical structures and (2) trac-
ing the psychophysiological effector mechanisms that actually represent the stress
response, as currently defined. To assist in the pedagogical process, a basic model of
the human stress response is constructed to serve as a unifying thread for better under-
standing of not only the phenomenology of human stress but also its measurement and
treatment. Chapter 3 will pursue the logical extension by reviewing several models of
pathogenesis, that is, the process by which stress arousal leads to disease.

Neurological Foundations

In order to understand the stress response, we must first understand its foundations,
which reside in the structure and function of the human nervous systems.

The basic anatomical unit of the nervous systems is the neuron (see Fig. 2.1).
Indeed the smallest functional unit of the nervous system, the neuron serves to
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conduct sensory, motor, and regulatory signals throughout the body. The neuron
consists of three basic units: (1) the dendrites and their outermost membranes —the
postsynaptic dendritic membranes; (2) the neural cell body, which contains the
nucleus of the cell; and (3) the axon, with its branching projections called the telo-
dendria and their end points, the presynaptic membranes.

Neural Transmission

An incoming signal is first received by the postsynaptic membranes of the dendrites.
Chemical (metabotropic) or electrical (ionotropic) processes are initiated upon stimu-
lation of the postsynaptic dendritic membranes, which cause the neuron to conduct the
incoming signal through the dendrites and the cell body. Finally, a neural impulse
relayed to the axon travels down the axon until it reaches the telodendria and ulti-
mately the presynaptic membranes. It is the task of the presynaptic membrane to relay
the signal to the subsequent postsynaptic membrane of the next neuron. This is not
easily achieved, however, because the neurons do not actually touch one another.
Rather, there exists a space between neurons called the synaptic cleft.

In order for a signal to cross the synaptic cleft, chemical substances called
neurotransmitters are required. Residing in storage vesicles in the telodendria,
chemical neurotransmitters await the proper cues to migrate toward the presynaptic
membrane. Once there, they are ultimately discharged into the synaptic cleft to
stimulate (or inhibit) the postsynaptic membrane of the next neuron. Table 2.1 con-
tains a list of major neurotransmitters and their anatomical loci.

Having completed a basic overview of the anatomy of neural transmission, it is
necessary to return to a brief discussion of the dynamics of intraneuronal communi-
cation. For clinicians, this phenomenon is extremely important because it serves as
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Table 2.1 Major neurotransmitters and their loci

Neurotransmitter Neuronal pathways
Norepinephrine (NE) (a major excitatory Locus ceruleus
neurotransmitter) Limbic system, especially
Amygdala
Hippocampus
Septum

And interconnecting pathways
Postganglionic sympathetic nervous system

Cerebellum
Serotonin (5-HT) Brain stem

Limbic system
Acetylcholine (Ach) Neuromuscular junctions

Preganglionic sympathetic nervous system
Preganglionic parasympathetic nervous system
Postganglionic parasympathetic nervous system
Septal-hippocampal system

Gamma amino butyric acid (GABA) Hippocampus

(a major inhibitory neurotransmitter) Substantia nigra

Limbic system—general

Dopamine (DA) Mesolimbic system
Nigrostriatal system

the basis for electrophysiological events such as electromyography, electrocardiog-
raphy, and electroencephalography.

Shortly after the incoming signal passes the postsynaptic dendritic membrane
and moves away from the cell body toward the axon, it becomes a measurable elec-
trical event that serves as the basis for electrophysiological techniques such as elec-
trocardiography. The foundations of these electrical events are based upon the
dynamics of ionic transport.

The neuron at rest has ions both within the boundaries of its membranes and
outside, around its membranes. Sodium (Na*) is the positively charged ion that
makes up the majority of the ionic constituency outside the neuron. In addition to
the sodium concentration outside the neuron (about 0.142 M) there resides another
ion, chloride (CI"). Chloride is a negatively charged ion that makes up the second
largest ionic constituency outside the neuron (about 0.103 M). Whereas Na* and
CI- predominate in the extraneural space, negatively charged protein anions dominate
the internal milieu of the neuron along with potassium (K*). Thus, relatively speaking,
the outside of the neuron possesses a positive charge and the inside, a negative
charge. This resting status is called a polarized state (polarization). The relative
intensity of the negatively charged intraneuronal constituency is about =70 mV and
is called the resting electrical potential.

When a neuron is in the act of transmitting a neural signal, the resting status of
the neuron is altered. Ionically, (Na*) rushes across the membrane of the neuron and
enters the intraneuronal space. This influx of Na* pushes the electrical gradient to
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about +50 mV (from the resting =70 mV). This process of sodium ion influx is
called depolarization and represents the actual firing, or discharge, of the neuron.
Depolarization lasts about 1.5 ms. Depolarization moves longitudinally along the
axon as a wave of ionic influx. After 1.5 ms, however, the neuron begins to repolarize.
Repolarization occurs as K* and Na* are pumped out of the neuron and any remaining
Na* is assimilated into the neuron itself. The result of repolarization is the return of
the +50 mV to a resting —70 mV, ready for subsequent discharge. This process is
shown in Fig. 2.2.
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Fig. 2.3 Nervous systems (adapted from Lachman, 1972)

Basic Neuroanatomy

From the preceding discussion of basic neural transmission, the next step to be
undertaken is an analysis of the fundamental anatomical structures involved in the
human stress response.

The nervous systems, the functional structures within which millions upon mil-
lions of neurons reside, may be classified from either an anatomical or a functional
perspective. For the sake of parsimony, we describe the nervous systems from an
anatomical perspective.

From an anatomical perspective, there are two fundamental nervous systems: the
central nervous system (CNS) and the peripheral nervous system (PNS) (see Fig. 2.3).
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Table 2.2 The human nervous systems

The central nervous system (CNS)
Brain
Spinal cord
The peripheral nervous systems (PNS)
The somatic branch
The autonomic branches (ANS)
Sympathetic (SNS)
Parasympathetic (PSNS)

NEOCORTEX CINGULATE GYRUS
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Fig. 2.4 The human brain

The CNS

The CNS consists of the brain and the spinal cord (see Table 2.2). MacLean (1975)
has called the human brain the “triune brain” because it can be classified as having
three functional levels (see Fig. 2.4). The neocortex represents the highest level
of the triune brain and is the most sophisticated component of the human brain.
Among other functions, such as the decoding and interpretation of sensory signals,
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communications, and gross control of motor (musculoskeletal) behaviors, the
neocortex (primarily the frontal lobe) presides over imagination, logic, decision
making, memory, problem solving, planning, and apprehension.

The limbic system represents the major component of the second level of the triune
brain. The limbic brain is of interest in the discussion of stress because of its role as the
emotional (affective) control center for the human brain. The limbic system is believed
to be just that, that is, a system, consisting of numerous neural structures, for example,
the hypothalamus, hippocampus, septum, cingulate gyrus, and amygdala. The pitu-
itary gland plays a major functional role in this system in that it is a major effector
endocrine gland. The limbic system is examined in greater detail in Chap. 9.

The reticular formation and the brain stem represent the lowest level of the
triune brain. The major functions of this level are the maintenance of vegetative
functions (heartbeat, respiration, vasomotor activity) and the conduction of impulses
through the reticular formation and relay centers of the thalamus en route to the
higher levels of the triune brain.

The spinal cord represents the central pathway for neurons as they conduct signals
to and from the brain. It is also involved in some autonomically regulated reflexes.

The PNS

The PNS consists of all neurons exclusive of the CNS. Anatomically, the PNS may
be thought of as an extension of the CNS in that the functional control centers for
the PNS lie in the CNS. The PNS may be divided into two networks: the somatic
(SNS) and the autonomic nervous systems (ANS).

The somatic branch of the PNS carries sensory and motor signals to and from the
CNS. Thus, it innervates sensory organs as well as the striate musculature (skeletal
musculature).

The autonomic branches carry impulses that are concerned with the regulation of
the body’s internal environment and the maintenance of the homeostasis (balance).
The autonomic network, therefore, innervates the heart, the smooth muscles, and
the glands.

The ANS can be further subdivided into two branches, the sympathetic and the
parasympathetic (see Fig. 2.5 for details of autonomic innervation). The sympa-
thetic branch of the ANS is concerned with preparing the body for action. Its effect
on the organs it innervates is that of generalized arousal. The parasympathetic
branch of the ANS is concerned with restorative functions and the relaxation of the
body. Its general effects are those of slowing and maintenance of basic bodily
requirements. The specific effects of sympathetic and parasympathetic activation on
end organs are summarized later in this chapter (see Table 2.3).

To this point, we have briefly described the most basic anatomical and functional
aspects of the human nervous system. We are now ready to see how these elements
become interrelated as constituents of the human stress-response process.
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The human stress response is perhaps best described within the context of the dynamic
“process” it represents. This process may then be delineated from a “systems” per-
spective, that is, one of interrelated multidimensionality. Figure 2.6 details a systems
perspective brought to bear upon the phenomenology of the human stress response.
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Table 2.3 Responses of effector organs to autonomic nervous system impulses

SNS PNS
Function Ergotropic; catabolism Trophotropic; anabolism
Activity Diffuse Discrete
Anatomy
Emerges from spinal ~ Thoracolumbar Craniosacral
cord
Location of ganglia ~ Close to spinal cord Close to target organ
Postganglionic Noradrenalin® (adrenergic) Acetylcholine (cholinergic)
neurotransmitter
Specific actions
Pupil of eye Dilates Constricts
Lacrimal gland - Stimulates secretion
Salivary glands Scanty, thick secretion Profuse, water secretion
Heart Increases heart rate Decreases heart rate

Blood vessels
Skin and mucosa
Skeletal muscles
Cerebral
Renal
Abdominal viscera
Lungs: bronchial tubes
Sweat glands
Liver
Spleen

Adrenal medulla
Gastrointestinal tract
Kidney

Hair follicles
Male sex organ

Increases contractility
Increases rate of idiopathic pacemakers
in ventricles

Constricts

Dilates

Constricts

Constricts

Mostly constricts

Dilates

Stimulates®

Glycogenolysis for release of glucose

Contracts to release blood high in
erythrocytes

Secretes adrenaline (epinephrine) and
noradrenaline (norepinephrine)”

Inhibits digestion

Decreases peristalsis and tone

Decreases output of urine

Piloerection

Ejaculation

Decreases metabolism

Dilates

Constricts
Constricts
Expels bile

Increases digestion
Increases peristalsis and tone
9

Erection

*Postganglionic SNS neurotransmitter is acetylcholine for most sweat glands and some blood vessels
in skeletal muscles. Adrenal medulla is innervated by cholinergic sympathetic neurons. Partially
adapted from Hassett (1978)

This model, which has evolved significantly in recent years, will serve as a unifying
theme to assist in gaining a better understanding of not only the phenomenology of
human stress but also its measurement and treatment. These latter themes will be
expanded upon later in the text.

An analysis of Fig. 2.6 reveals the epiphenomenology of the human stress
response to be that of a multidimensional, interactive process possessing several key
elements:
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1. Stressor events (real or imagined).

2. Cognitive appraisal and affective integration.

3. Neurological triggering mechanisms (e.g., locus ceruleus, limbic nuclei, hypo-
thalamic nuclei).

4. The stress response (a physiological mechanism of mediation).

5. Target-organ activation.

6. Coping behavior.

A detailed analysis of each of these elements is appropriate at this point.

Stressor Events

Because Selye used the term stress to refer to a “response,” it was necessary to employ
a word to delineate the stimulus for the stress response —that word is stressor. Stressor
events, as noted earlier, fall in one of the two categories: (1) psychosocial stressors
and (2) biogenic stressors (Girdano, Dusek, & Everly, 2009).

Psychosocial stressors are either real or imagined environmental events that “set
the stage” for the elicitation of the stress response. They cannot directly “cause” the
stress response but must work through cognitive appraisal mechanics. Most stres-
sors are, indeed, psychosocial stressors. For this reason, one may argue that “stressors,
like beauty, reside in the eye of the beholder.”

Biogenic stressors, however, actually “cause” the elicitation of the stress response.
Such stimuli bypass the higher cognitive appraisal mechanisms and work directly
on affective and neurological triggering nuclei. Thus, by virtue of their biochemical
properties, they directly initiate the stress response without the usual requisite
cognitive—affective processing. Examples of such stimuli include the following:

* Ginseng

* Ginkgo biloba

* Amphetamine

* Phenylpropanolamine

e Caffeine

e Theobromine

e Theophylline

* Nicotine

 Certain physical factors such as pain-evoking stimuli, extreme heat, and extreme
cold

e Guarana

* Yohimbine

As just mentioned, however, most stressors are not biogenic stressors. Therefore,
in clinical practice, therapists will most likely be treating patients who are plagued
by environmental events—real, imagined, anticipated, or recalled —that are per-
ceived in such a manner as to lead to activation of the stress response. To better
understand this process we move now to the second step in the model: the cognitive—
affective integration stage.



28 2 The Anatomy and Physiology of the Human Stress Response
Cognitive—Affective Domain

Practically speaking, there is simply no such thing as “reality” without considering
the human perspective that might be brought to bear upon it. The cognitive—affective
domain is delineated within this model in order to capture that notion.

Cognitive appraisal refers to the process of cognitive interpretation, that is, the
meanings that we assign to the world as it unfolds before us. Affective integration
refers to the blending and coloring of felt emotion into the cognitive interpretation.
The resultant cognitive—affective complex represents how the stressors are ultimately
perceived. In effect, this critical integrated perception represents the determination of
whether psychosocial stimuli become psychosocial stressors or not. Such a perceptual
process, however, is uniquely individualized and vulnerable to biological predisposi-
tions (Millon & Everly, 1985), personality patterns (Millon, Grossman, Millon,
Meagher, & Ramnath, 2004), learning history (Lachman, 1972), and available
resources for coping (Lazarus, 2006; Lazarus & Folkman, 1984).

Although Fig. 2.6 portrays a reciprocity between cognitive and affective mecha-
nisms, it should be noted that there exists substantial evidence supporting the cogni-
tive primacy hypothesis (see Chap. 8); that is, cognition determines affect (felt
emotion) and thus assumes a superordinate role in the process of restructuring
human behavior patterns. Let us explore this important notion further.

Perhaps the earliest recognition that cognition is superordinate to affect has been
credited by Albert Ellis to the fifth-century Greco-Roman philosopher Epictetus,
who reportedly said, “Men are disturbed not by things, but by the views which they
take of them.” The science of physiology follows in kind. Hans Selye, also known
as the father of modern endocrinology, has summarized over 50 years of research
into human stress with the conclusion, “It is not what happens to you that matters,
but how you take it,” Similarly, the noted neurophysiologist Ernest Gellhorn
(Gellhorn & Loofbourrow, 1963) recognized the preeminent role of the prefrontal
lobe cognitive processes in felt and expressed emotion in his research spanning the
1950s, 1960s, and 1970s. Influential authors such as Arnold (1970, 1984), Cassel
(1974), Lazarus (1966, 1982, 1991), Meichenbaum (1985), Meichenbaum and
Jaremko (1983), and Selye (1976) strongly support the cognitive primacy position
as it relates to human stress.

More recently, Everly, Davy, Smith, Lating, and Nucifora (2011) [also see Everly,
Smith, and Lating (2009) and Smith, Everly, and Johns (1992, 1993)] assessed the
role of cognitive processes in the determination of stress-related illness. “Stressors,
like beauty, lie in the eye of the beholder,” is the assertion. Using a sample of 1,618
adults, Smith, Everly, and Johns (1993) employed structural modeling, exploratory,
and confirmatory factor analyses to investigate the relative roles of environmental
stressors compared to cognitive processes as predictors of physiological symp-
toms of stress-related illness or dysfunction. The role of coping mechanisms was
also investigated. The results of this investigation indicated that, consistent with
the speculations of Epictetus and even Selye, environmental stressors exert their
pathogenic effect only indirectly. Rather, environmental stressors act “through their
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ability to cause psychological discord. In fact, psychological discord had the stron-
gest influence on maladaptive coping behaviors and stress-related illness” (Smith
etal., 1993, p. 445). Psychological discord, as assessed by these authors, reflects the
cognitive interpretations of the environmental events.

An extended physiological perspective may be of value at this point. If a given,
nonsympathomimetic stimulus is to engender a stress response, it must first be
received by the receptors of the PNS. Once stimulated, these receptors send their
impulses along the PNS toward the brain. According to Penfield (1975), once in the
CNS, collateral neurons diverge from the main ascending pathways to the neocorti-
cal targets and innervate the reticular formation. These collaterals diverge and pass
through limbic constituents, but seldom are such afferent diversions sufficient to
generate full-blown emotional reactions. Rather, such diversions may account for
nonspecific arousal (startle or defense reflexes) or subtle affective coloration (“gut
reactions”). Cognitive theorists do not regard these momentary acute, ontogeneti-
cally primitive events as emotions (Lazarus, 1982).

These divergent pathways ultimately reunite with the main ascending pathways
and innervate the primary sensory and appraisal loci. Arnold (1984) has written that
“the sheer experience of things around us cannot lead to action unless they are
appraised for their effect on us” (p. 125). She has hypothesized the anatomical locus
of such appraisal to be the cingulate gyrus and the limbic—prefrontal neocortical
interface (see Aggleton, 1992).

Arnold (1984) notes that the granular cells of the limbic—prefrontal interface
contain relay centers that connect all sensory, motor, and association areas. She
states:

These connections would enable the individual to appraise information from every modal-

ity: smells, via relays from the posterior orbital cortex; movement and movement impulses,

via relays from frontal and prefrontal cortex; somatic sensations can provide data via relays
from parietal association areas; and things seen could be appraised over relays from occipi-

tal association areas. Finally, something heard can be appraised as soon as relays from the
auditory association area reach the hippocampal gyrus. (pp. 128-129)

As noted in Fig. 2.6, appraisal is a function of any existing biological predisposi-
tions, personality patterns, learning history, and available coping resources. Once
appraisal is made, efferent impulses project so as to potentiate the stimulation of
two major effector systems:

1. Impulses project back to the highly sensitive emotional anatomy in the limbic
system (Arnold, 1984; Cullinan, Herman, Helmreich, & Watson, 1995; Gellhorn
& Loufbourrow, 1963; Gevarter, 1978; Nauta, 1979), especially the hippocampus
(Reiman et al., 1986), for the experience of stimulus-specific felt emotion and
the potential to trigger visceral effector mechanisms.

2. Impulses similarly project to the areas of the neocortex concerned with neuro-
muscular behavior where, through pyramidal and extrapyramidal systems, mus-
cle tone (tension) is increased and the intention to act can be potentially translated
to actual overt motor activity (Gellhorn, 1964a, 1964b).
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Thus far, we have seen that psychosocial stimuli, once perceived, excite
nonspecific arousal and cognitive appraisal mechanisms. If the appraisal of the
stimulus is ultimately one of threat, challenge, or aversion, then emotional arousal
will likely result.

In most individuals, activation of the limbic centers for emotional arousal leads
to expression of the felt emotion in the form of visceral activation and neuromuscu-
lar activity. Such visceral and neuromuscular activation represents the multiaxial
physiological mechanisms of mediation Selye called the “stress response.” Thus, in
the final analysis, it can be seen that physiological reactions to psychosocial stimuli
result from the cognitive interpretations and emotional reactions to those stimuli,
not the stimuli themselves. Stressors are, indeed, in the eye of the beholder!

Before turning to a discussion of the multiaxial nature of the stress response, we
must first discuss a mechanism that prefaces activation of the stress response axes.
Research in the last several years has necessitated specific consideration of mecha-
nisms that serve to “trigger” the elicitation of the multiaxial stress response. These
mechanisms are referred to as neurological triggering mechanisms.

Neurological Triggering Mechanisms

The next step in the model depicted in Fig. 2.6 is the neurological triggering
mechanisms consisting of the locus ceruleus (LC), limbic system, and hypotha-
lamic efferent triggering complex. Linked through ventral and dorsal adrenergic
as well as serotonergic projections (among others), this complex appears to con-
sist of the LC, the hippocampus, the septal-hippocampal-amygdaloid complexes,
and the anterior and posterior hypothalamic nuclei (Nauta & Domesick, 1982;
Reiman et al., 1986). These structures appear to be the anatomical epicenters for
the visceral and somatic efferent discharges in response to emotional arousal
(Aggleton, 1992; Gellhorn, 1964a, 1964b, 1965, 1967; MacLean, 1949; Nauta,
1979; Redmond, 1979); that is, these structures appear to give rise to the multi-
axial stress response. Indeed, these centers even seem capable of establishing an
endogenously determined neurological tone that is potentially self-perpetuating
(Gellhorn, 1967; Weil, 1974). This notion of a positive feedback loop is initially
depicted in Fig. 2.6 by the dotted line labeled I. Subsequent dotted lines are
labeled with Roman numerals to show other feedback mechanisms that maintain
what Gellhorn (1957) has called a state of “egotropic tuning,” what Everly (Everly
& Benson, 1989) calls “limbic hypersensitivity” (discussed in Chap. 3), and what
Weil (1974) has called a “charged arousal system.” Each of these terms is indica-
tive of a predisposition for physiological arousal.

More specifically, these terms describe a preferential pattern of SNS (and related
arousal mechanism) responsiveness. Such a chronic tonic status may, over time,
serve as the basis for a host of psychiatric and psychophysiological disorders
(Gellhorn, 1967). The mechanisms by which such neurological tone can exert an
effect upon a given target organ is the subject of the next phase of the system’s
model: the stress response—a physiological mechanism of mediation.


http://dx.doi.org/10.1007/978-1-4614-5538-7_3

A Systems Model of the Human Stress Response 31

EVENT EVENT
|
Sensory Reception

via Sensory Pathways

-—
Cognitive  Affective
Interpretation Integration via
via Neocortex Limbic System
R‘-‘————-""‘J

Perception of Threat  No P‘Eﬂ:ﬂptloﬂ of Threat

Triggering  No Stress Response
Lo T R e e e

Stress Response
via Hypothalamus

} From
1. Direct neural innervations SBI"ISOFY
via sympathetic, parasympathetic,and somatic Pathways
nervous systems Stress
Response
2 “Fight-or-Flight” Response (Cannon) to
End Organs
3 General Adaptation Syndrome (Selye) 9
+
End Organ

Fig. 2.7 The stress response

The Stress Response

Recall the question that has plagued psychosomatic research: Through what mecha-
nisms of pathogenic mediation can a stressor and its subsequent appraisal ultimately
affect a target organ to such a degree as to result in dysfunction and disease?
Although a definitive answer on all levels has yet to be found, research in applied
physiology has yielded considerable insight into the mechanisms of pathogenesis
by which stressors cause disease. This section details three such physiological path-
ways known to demonstrate extraordinary responsiveness with respect to psychoso-
cial stimuli: (1) the neural axes, (2) the neuroendocrine axis, and (3) the endocrine
axes (see Fig. 2.7).

The Neural Axes: Stress Response Via Neural Innervation
of Target Organs

Three neural axes comprise the neural stress response: (1) the sympathetic nervous
system, (2) the parasympathetic nervous system, and, (3) the neuromuscular ner-
vous system. These neural pathways are the first of all stress response axes to
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become activated during stress arousal. This phenomenon is based upon the fact
that the structure of these pathways, from origination to target-organ innervation, is
completely neural, and therefore quickest.

It is clear that ANS activation occurs during states of emotional arousal in
human beings (Widmaier, Raff, & Strang, 2004). These neural axes are the most
direct of all stress pathways. Following the complex neocortical and limbic inte-
grations that occur in the interpretation of a stimulus as “threatening,” neural
impulses descend to the posterior hypothalamus (in the case of a sympathetic
activation) and the anterior hypothalamus (in the case of a parasympathetic acti-
vation). From here, sympathetic neural pathways descend from the anterior hypo-
thalamus through the cranial and sacral spinal cord regions. Parasympathetic
nerves then innervate the end organs.

Generally speaking, the release of the neurotransmitter norepinephrine from the
sympathetic telodendria is responsible for changes in most end-organ activity.
Acetylcholine is the neurotransmitter in the remaining cases and in parasympathetic
postganglionic transmissions as well (see McCorry, 2007).

The effects of neural activation via the sympathetic system are those of generalized
arousal within the end organs—what Hess (1957) referred to as an “ergotropic”
response. The effects of activation via the parasympathetic system are inhibition,
slowing, and “restorative” functions —what Hess called a “trophotropic” response.
The specific end-organ effects of the sympathetic and the parasympathetic nervous
systems are summarized in Table 2.3 (see Ganong, 1997).

Although the most common form of neural autonomic stress responsiveness in
human beings is in the form of the ergotropic response (Johnson & Spalding, 1974),
simultaneous trophotropic responses have been observed in human beings as well
(Gellhorn, 1969). The trophotropic stress response may be perceived by some clini-
cians as paradoxical, owing to the expectation of manifestations of somation
“arousal.” However, the important work of Gellhorn (1968, 1969) and Williams
(1986), in addition to the clinical observations of Carruthers and Taggart (1973), has
demonstrated that sympathetic stress arousal can be accompanied by parasympa-
thetic trophotropic activation.

Finally, there is evidence (Gellhorn, 1958a, 1958b, 1964b, 1967; Malmo, 1975;
Williams, 1986) that the skeletal muscular is also a prime target for immediate
activation during stress and emotional arousal. Such activation, if excessive, may
lead to a host of neuromuscular dysfunctions as well as increased limbic excita-
tion (Gellhorn, 1958b; Malmo, 1975; Weil, 1974) and therefore heightened emo-
tional arousal.

Although neuromuscular activation may last virtually indefinitely —hence, the
proliferation of various neuromuscular dysfunction syndromes—the major effects
of autonomic neural activation on target organs are immediate but not potentially
chronic. This is because of the limited ability of the sympathetic telodendria to con-
tinue to constantly release neurotransmitting substances under chronically high
stimulation (LeBlanc, 1976). Therefore, in order to maintain high levels of stress
arousal for prolonged periods, an additional physiological stress axis must be acti-
vated. This axis is the neuroendocrine “fight-or-flight” response axis.
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The “Fight-or-Flight” Response: The Neuroendocrine Axis

In 1926, the same year that Selye first described the “syndrome of just being sick,”
physiologist Walter Cannon first wrote about a phenomenon that he termed homeo-
stasis, described as the effort of the physiological systems within the body to actively
maintain a level of functioning, within the limits of tolerance of the systems, in the
face of ever-changing conditions. Homeostasis was the adaptational effort of the
body to stay in balance. From his early efforts, it was clear that the work of Cannon
was to parallel and augment that of Selye in terms of understanding the psychophys-
iological stress response.

Cannon wrote extensively on one particular aspect of the ANS’s role in the stress
response —the neuroendocrine process. He researched what he termed the “fight-or-
flight” response. The pivotal organ in this response is the adrenal medulla—thus
giving this response both neural ANS and endocrine characteristics (Cannon, 1914,
1953; Cannon & Paz, 1911).

The “fight-or-flight” response is thought to be a mobilization of the body to pre-
pare for muscular activity in response to a perceived threat. This mechanism allows
the organism either to fight or to flee from the perceived threat (Cannon, 1953).

Research has demonstrated that the homeostatic, neuroendocrine “fight-or-flight”
response can be activated in human beings by numerous and diverse psychological
influences, including varied psychosocial stimuli (Levi, 1972; Mason, 1968a, 1972).

The dorsomedial amygdalar complex appears to represent the highest point of
origination for the “fight-or-flight” response as a functionally discrete psychophysi-
ological axis (Lang, 1975; Roldan, Alvarez-Palaez, & de Molina, 1974). From that
point, the downward flow of neural impulses passes to the lateral and posterior
hypothalamic regions (Roldan et al., 1974). From here, neural impulses continue to
descend through the thoracic spinal cord, converging at the celiac ganglion, then
innervating the adrenal gland, or more specifically, the adrenal medulla.

The adrenal gland in mammals consists of two functionally and histologically
discrete constituents: the adrenal medulla and the adrenal cortex. The adrenal
medulla consists of chromaffin cells (pheochromoblasts) that lie at the core, or cen-
ter, of the adrenal gland (medulla means stalk). Chromaffin cells are responsible for
the creation and secretion of adrenal medullary catecholamines. This process is
referred to as catecholaminogenesis.

The hormonal output of the neuroendocrine stress-response axis is the secretion
of the adrenal medullary catecholamines. There are two adrenal medullary cate-
cholamines: norepinephrine (noradrenaline) and epinephrine (adrenaline). These
two hormones are collectively referred to as adrenal medullary catecholamines
because of their origin and the chemical nature; that is, these hormones are secreted
by the two adrenal medullae that lie at the superior poles of the kidneys. Furthermore,
the biochemical structure of these hormones is related to a group of organic com-
pounds referred to as catechols (or pyrocatechols).

The adrenal medullary cells are divided into two types: A cells, which secrete
epinephrine, and N cells, which secrete norepinephrine. About 80% of the
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Table 2.4 Effects of adrenal medullary axis stimulation

Increased arterial blood pressure

Increase blood supply to brain (moderate)

Increased heart rate and cardiac output

Increased stimulation of skeletal muscles

Increase plasma free fatty acids, triglycerides, cholesterol

Increased release of endogenous opioids

Decreased blood flow to kidneys

Decreased blood flow to gastrointestinal system

Decreased blood flow to skin

Increased risk of hypertension

Increased risk of thrombosis formation

Increased risk of angina pectoris attacks in persons so prone

Increased risk of arrhythmias

Increased risk of sudden death from lethal arrhythmia, myocardial ischemia, myocardial
fibrillation, myocardial infarction

See Henry and Stephens (1977), Axelrod and Reisine (1984), McCabe and Schneiderman

(1984), Guyenet (2006), Mazeh, Paldor, and Chen (2012), Florian and Pawelczyk (2010),

Heim and Nemeroff (2009) Ray and Carter (2010), Lomax, Sharkey, and Furness (2010),

Surges, Thijs, Tan, and Sander (2009), Hall (2011) for reviews

medullary catecholamine activity in humans is accounted for by epinephrine
(Harper, 1975; Mazeh, Paldor, & Chen, 2012). It is critical to note at this juncture
that norepinephrine is secreted by not only the adrenal medulla but also the adren-
ergic neurons of the CNS and the SNS. The biosynthesis and actions are the same
regardless of whether the norepinephrine originates in the medulla or in the adren-
ergic neurons of the CNS or SNS.

Upon neural stimulation, the adrenal medulla releases the medullary cate-
cholamines as just described. The effect of these medullary catecholamines is an
increase in generalized adrenergic somatic activity in human beings (Folkow &
Neil, 1971; Maranon, 1924; Wenger et al., 1960). The effect, therefore, is function-
ally identical to that of direct sympathetic innervation (see Table 2.3), except that
the medullary catecholamines require a 20 to 30 second delay of onset for mea-
surable effects and display a tenfold increase in effect duration (Usdin, Kretnansky,
& Kopin, 1976). Also, the catecholamines only prolong the adrenergic sympathetic
response. Cholinergic responses, such as increased electrodermal activity and bron-
chiole effects, are unaffected by medullary catecholamine release (Usdin et al).

The “fight-or-flight” response has been somewhat reformulated by writers such
as Schneiderman (McCabe & Schneiderman, 1984), who view this system as an
“active coping” system. This active coping system has been referred to as the “sym-
pathoadrenomedullary system” (SAM).

Specific somatic effects that have been suggested or observed in humans as a
result of activation of this axis in response to psychosocial stressor exposure are
summarized in Table 2.4.

This brings us to a discussion of the third and final stress response mechanism—
the endocrine axes.
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Endocrine Axes

The most chronic and prolonged somatic responses to stress are the result of the
endocrine axes (Mason, 1968b). Four well-established endocrine axes have been
associated with the stress response:

. The adrenal cortical axis.

. The somatotropic axis.

. The thyroid axis.

. The posterior pituitary axis.

AW =

These axes not only represent the most chronic aspects of the stress response but
also require greater intensity stimulation to activate (Levi, 1972).

Reviews by Axelrod and Reisine (1984), Levi (1972), Mason (1968c, 1972),
Mason et al. (1995), Selye (1976), Yehuda, Giller, Levengood, Southwick, and
Siever (1995), and more recently by, Entringer, Kumsta, Hellhammer, Wadhwa, and
Waust (2009), and Foley and Kirschbaum (2010), demonstrate that these axes can be
activated in humans by numerous and diverse psychological stimuli, including varied
psychosocial stimuli.

The Adrenal Cortical Axis

The septal-hippocampal complex appears to represent the highest point of origina-
tion for the adrenal cortical axis as a physiologically discrete mechanism (Henry &
Ely, 1976; Henry & Stephens, 1977). From these points, neural impulses descend
to the median eminence of the hypothalamus. The neurosecretory cells in the
median eminence release corticotropin-releasing factor (CRF) into the hypothalamic—
hypophyseal portal system (Rochefort, Rosenberger, & Saffran, 1959). The CRF
descends the infundibular stalk to the cells of the anterior pituitary. The chemo-
phobes of the anterior pituitary are sensitive to the presence of CRF and respond by
releasing adrenocorticotropic hormone (ACTH) in the systemic circulation. At the
same time, the precursor to the various endogenous analgesic opioids (endorphins)
is released. This precursor substance, beta lipotropin, yields the proliferation of endog-
enous opioids during human stress (Rossier, Bloom, & Guillemin, 1980).

ACTH is carried through the systemic circulation until it reaches its primary
target organ: an endocrine gland, the adrenal cortex. The two adrenal cortices are
wrapped around the two adrenal medullae (neuroendocrine axis) and sit at the supe-
rior poles of the kidneys.

ACTH appears to act upon three discrete layers, or zona, of the adrenal cortex. It
stimulates the cells of the zona reticularis and zona fasciculata to release the gluco-
corticoids cortisol and corticosterone into the systemic circulation. The effects of
the glucocorticoids in apparent response to stressful stimuli are summarized in
Table 2.5.
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Table 2.5 The effects of the glucocorticoid hormones and HPAC activation

Increased glucose production (gluconeogenesis)

Exacerbation of gastric irritation

Increased urea production

Increased release of free fatty acids into systemic circulation

Increased susceptibility arteherosclerotic processes

Increased susceptibility to nonthrombotic myocardial necrosis
Thymicolymphatic atrophy (demonstrated in animals only)

Suppression of immune mechanisms

Exacerbation of herpes simplex

Increased ketone body production

Appetite suppression

Associated feeling of depression, hopelessness, helplessness, and loss of control
See Henry and Stephens (1977), Selye (1976), Yuwiler (1976), McCabe and
Schneiderman (1984), Makara, Palkovitzm, and Szentagothal (1980), van Raalte,
Ouwens, and Diamant (2009), Macfarlane, Forbes, and Walker (2008), Schwarz
et al. (2011), and Krishnan and Nestler (2008), Hall (2011)

Similarly, ACTH allows the zona glomerulosa to secrete the mineralocorticoids
aldosterone and deoxycorticosterone into the systemic circulation. The primary
effects of aldosterone release are an increase in the absorption of sodium and chlo-
ride by the renal tubules and a decrease in their excretion by the salivary glands,
sweat glands, and gastrointestinal tract. Subsequent fluid retention is noted as a
corollary of this process. Although cortisol does exhibit some of these properties,
aldosterone is about 1,000 times more potent as an electrolyte effector. As the pre-
potent mineralocorticoid, aldosterone may affect other physiological outcomes,
among them increasing glycogen deposits in the liver and decreasing circulating
eosinophils.

Excessive activation of mineralocorticoid secretion in human beings has been
implicated in the development of Cushing’s syndrome (hyperadrenocorticism) by
Gifford and Gunderson (1970) and in high blood pressure and myocardial necrosis
by Selye (1976).

As a tropic hormone, the main function of ACTH is to stimulate the synthesis
and secretion of the glucocorticoid hormones from the adrenal cortex, yet ACTH is
known to cause the release of cortical adrenal androgenic hormones such as testosterone
as well. Finally, there is evidence that ACTH affects the release of the catecholamines
described earlier in this chapter. Its effect on the catecholamines epinephrine and
norepinephrine appears to be through a modulation of tyrosine hydroxylase, which
is the “rate-limiting” step in catecholamine synthesis. This effect is a minor one,
however, compared with other influences on tyrosine hydroxylase. Thus, adrenal
medullary and cortical activities can be highly separate, even inversely related, at
times (Kopin, 1976; Lundberg & Forsman, 1978). See Axelrod and Reisine (1984)
for an excellent review of hormonal interaction and regulation.

The adrenal cortical response axis has been referred to by various authors (e.g.,
McCabe & Schneiderman, 1984) as the hypothalamic—pituitary—adrenal cortical
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system (HPAC). Activation of this system in the aggregate has been associated with
the helplessness/hopelessness depression syndrome, passivity, the perception of no
control, immunosuppression, and gastrointestinal symptomatology. Behaviorally,
the HPAC system appears to be activated when active coping is not possible; thus,
it has been called the “passive coping” system. Considering the HPAC system with
respect to the SAM, Frankenhauser (1980) has concluded:

1. Effort without distress — activation of the SAM response system.
2. Distress without effort — activation of the HPAC response system.
3. Effort with distress — activation of both SAM and HPAC.

The most extreme variation of the human stress response is, arguably, posttrau-
matic stress. The codified variant of this response is posttraumatic stress disorder
(PTSD), the subject of a specialized review in Chap. 21. Nevertheless, we believe it
warrants mention in this discussion of physiological mechanisms because of com-
plex and often contradictory findings. In PTSD, both the adrenal medullary cate-
cholamine axis and the HPAC pathways are implicated in PTSD. Given the
aforementioned discussion, one would expect increased glucocorticoid secretion in
PTSD given the intensity, chronicity, and overall severity of PTSD as a clinical
syndrome. While enhanced cortisol secretion is, indeed, evidenced in PTSD patients,
there is also evidence of decreased cortisol secretion. Yehuda et al. (1995) provide
a useful review and reformulation of this issue. PTSD patients evidence enhanced
CRF activity but lower overall cortisol levels in many instances. These authors
summarize as follows:

The study of PTSD, whose definition rests on being the sequelae of stress, represents an
opportunity to express the effects of extreme stress... from a unique perspective. The
findings suggest that... individuals who suffer from PTSD show evidence of a highly sen-
sitized HPA axis characterized by decreased basal cortisol levels, increased number of lym-
phocyte glucocorticoid receptors, a greater suppression of cortisol to dexamethasone, and a
more sensitized pituitary gland. (p. 362)

Thus, in summary, in addition to the more “classic” Selyean observation of
increased cortisol as a constituent of extreme stress, PTSD may represent an exten-
sion of the Selyean formulation characterized by an increase in CRF, a hypersensi-
tized pituitary, and a resultant down-regulation of the HPAC system via an enhanced
negative feedback system. As Yehuda et al. (1995) note, “The findings challenge us
to regard the stress response as diversified and varied, rather than as conforming to
a simple, unidirectional pattern” (pp. 362-363).

The Somatotropic Axis

The somatotropic axis appears to share the same basic physiological mechanisms
from the septal-hippocampal complex through the hypothalamic—hypophyseal
portal system as the previous axis, with the exception that somatotropin-releasing
factor (SRF) stimulates the anterior pituitary within this axis. The anterior pitu-
itary responds to the SRF by releasing growth hormone (somatotropic hormone)
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into the systemic circulation (see Makara, Palkovitzm, & Szentagothal, 1980;
Selye, 1976).

The role of growth hormone in stress is somewhat less clearly understood than
that of the adrenal cortical axis. However, research has documented its release in
response to psychological stimuli in human beings (Selye, 1976), and certain effects
are suspected. Selye (1956) has stated that growth hormone stimulates the release of
the mineralocorticoids. Yuwiler (1976), in his review of stress and endocrine func-
tion, suggests that growth hormone produces a diabetic-like insulin-resistant effect,
as well as mobilization of fats stored in the body. The effect is an increase in the
concentration of free fatty acids and glucose in the blood.

The Thyroid Axis

The thyroid axis is now a well-established stress response mechanism. From the
median eminence of the hypothalamus is released thyrotropin-releasing factor
(TRF). The infundibular stalk carries the TRF to its target—the anterior pituitary.
From here, the tropic thyroid-stimulating hormone (TSH) is released into the
systemic circulation. TSH ultimately stimulates the thyroid gland to release two
thyroid hormones: triiodothyronine (T3) and thyroxine (T4). Once secreted into
the systemic circulation system, these hormones are bound to specific plasma
protein carriers, primarily thyroxin-binding globulin (TBG). A small amount of
the thyroid hormones remains as “free” unbound hormones. About 0.4% of T4
and about 0.4% of T3 remain unbound. Proper evaluation of thyroid function is
best based upon an assessment of free thyroid hormones. At the level of target-
cell tissue, only free hormone is metabolically active. The T3 and T4 hormones
serve to participate in a negative feedback loop, thus suppressing their own subse-
quent secretion.

In humans, psychosocial stimuli have generally led to an increase in thyroidal
activity (Levi, 1972; Makara et al., 1980; Yuwiler, 1976). Levi has stated that the
thyroid hormones have been shown to increase general metabolism, heart rate, heart
contractility, peripheral vascular resistance (thereby increasing blood pressure), and
the sensitivity of some tissues to catecholamines. Hypothyroidism has been linked
to depressive episodes. Levi therefore concludes that the thyroid axis could play a
significant role as a response axis in human stress. See Mason et al. (1995) for a
comprehensive review.

The Posterior Pituitary Axis and Other Phenomena

Since the early 1930s, there has been speculation on the role of the posterior pitu-
itary in the stress response. The posterior pituitary (neurohypophysis) receives neu-
ral impulses from the supraoptic nuclei of the hypothalamus. Stimulation from these
nuclei results in the release of the hormones vasopressin (antidiuretic hormone, or
ADH) and oxytocin into the systemic circulation.
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ADH affects the human organism by increasing the permeability of the collecting
ducts that lie subsequent to the distal ascending tubules within the glomerular struc-
tures of the kidneys. The end result is water retention.

Corson and Corson (1971), in their review of psychosocial influences on renal
function, note several studies that report significant amounts of water retention in
apparent response to psychological influences in human beings. Although there
seems to be agreement that water retention can be psychogenically induced, there is
little agreement on the specific mechanism. Corson and Corson (1971) report
studies that point to the release of elevated amounts of ADH in response to stressful
episodes. On the other hand, some studies conclude that the antidiuretic effect is due
to decreased renal blood flow. Some human participants even responded with a
diuretic response to psychosocial stimuli.

Nevertheless, Makara et al. (1980), in their review of 25 years of research, found
ample evidence for the increased responsiveness of ADH during the stress response.
ADH is now seen as one of the wide range of diverse, stress-responsive hormones.

Oxytocin, the other major hormone found in the posterior pituitary axis, is syn-
thesized in the same nuclei as ADH, but in different cells. Its role in the human
stress response is currently unclear but may be involved in psychogenic labor con-
tractions (Omer & Everly, 1988) and premature birth, as well as the stress response,
particularly for women (Taylor, 2006).

Various investigations have shown that both interstitial cell-stimulating hormone
(Sowers, Carlson, Brautbar, & Hershman, 1977), also known as luteinizing hor-
mone, and testosterone (Williams, 1986) have been shown to be responsive to the
presentation of various stressors.

Finally, the hormone prolactin has clearly shown responsiveness to psychosocial
stimulation as well (see Makara et al., 1980, and more recently, Zimmermann et al.,
2009). The role of prolactin in disease or dysfunction phenomena, however, has not
been well established. Attempts to link prolactin with premenstrual dysfunction
have yet to yield a clear line of evidence. The specific role of prolactin in stress-
related disease needs further elucidation.

The “General Adaptation Syndrome”

As a means of integrating his psychoendocrinological research, Hans Seyle (1956)
proposed an integrative model for the stress response, known as the “General
Adaptation Syndrome” (GAS).

The GAS is a tri-phasic phenomenon. The first phase Selye refers to as the
“alarm” phase, representing a generalized somatic shock, or “call to arms” of the
body’s defense mechanisms. The second phase is called the “stage of resistance,”
in which there is a dramatic reduction in most alarm stage processes and the body
fights to reestablish and maintain homeostasis. Stages 1 and 2 can be repeated
throughout one’s life. Should the stressor persist, however, eventually the “adap-
tive energy,” that is, the adaptive mechanisms in the second stage, may become
depleted. At this point, the body enters the third and final stage, the “stage of
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exhaustion,” which, when applied to a target organ, is indicative of the exhaustion
of that organ, and the symptoms of disease and dysfunction become manifest.
When the final stage is applied to the entire body, life itself may be in jeopardy.
The three stages of the GAS are detailed in Table 2.6.

The Stress Response: A Summary

In this section, we have presented a unifying perspective from which to view the
complex psychophysiological processes that have come to be known as the stress
response. The intention was to provide clinicians with an understandable interpreta-
tion of the complexities of the stress-response process that they often find them-
selves treating. Because effective treatment of the stress phenomenon is related to
comprehension of the nature of the problem (Miller, 1978, 1979), it is our hope that
this discussion will prove useful for the clinician.

The unifying thread throughout this discussion has been the temporal sequencing
of the stress-response process. We have shown that the most immediate response to
a stressful stimulus occurs via the direct neural innervations of end organs. The inter-
mediate stress effects are due to the neuroendocrine “fight-or-flight” axis. The reaction
time of this axis is reduced by its utilization of systemic circulation as a transport
mechanism. However, its effects range from intermediate to chronic in duration and
may overlap with the last stress-response system to respond to a stimulus —the endo-
crine axes. The endocrine axes are the final pathways to react to stressful stimuli,
owing primarily to the almost total reliance on the circulatory system for transporta-
tion, as well as the fact that a higher intensity stimulus is needed to activate this axis.
The GAS provides an additional schema to extend the endocrine response axis in the
adaptation of the organism to the presence of a chronic stressor [see Selye (1956), for
a discussion of diseases of adaptation]. Figure 2.8 summarizes the sequential activa-
tion of the stress-response axes.

It is important to understand that there is a potential for the activation of each of
these axes to overlap. The most common axes to be simultaneously active are the
neuroendocrine and endocrine axes—both of which have potential for chronic
responsivity (Mason, 1968a, 1968c).

On the other hand, it is clear that all mechanisms and axes detailed cannot pos-
sibly discharge each and every time a person is faced with a stressor. Perhaps clear-
est of all is the fact that each sympathetic and parasympathetic effect is not manifest
to all stressors. Therefore, what determines which stress-response mechanisms will
be activated by which stressors in which individuals? The answer to this question is
currently unknown. However, some evidence suggests the existence of a psy-
chophysiological predisposition for some individuals to undergo stress-response
pattern specificity (see Sternbach, 1966). We expand on this topic in Chap. 3.

These, then, are the stress-response axes and the various mechanisms that work
within each. They represent the potential response patterns result each time the
human organism is exposed to a stressor. As to when each responds and why, we are
unsure at this time. Current speculations are reviewed in Chap. 3. Despite this
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Table 2.6 The general adaptation syndrome

Alarm stage
Sympathetic nervous system arousal
Adrenal medullary stimulation
ACTH release
Cortisol release
Growth hormone release
Increased thyroid activity
Gonadotropin activity increased
Anxiety

Resistance stage
Reduction in adrenal cortical activity
Reduction in sympathetic nervous system activity
Homeostatic mechanisms engaged

Exhaustion stage
Enlargement of lymphatic structures
Target organ disease/dysfunction manifest
Increased vulnerability to opportunistic disease
Psychological exhaustion: depression
Physiological exhaustion: disease — death?

uncertainty, the clinician should gain useful insight into the treatment of the stress
response by understanding the psychophysiological processes involved once the
stress response becomes activated. To assist the reader in putting the picture together,
Fig. 2.9 provides a unique “global” perspective into the multiaxial nature of psy-
chophysiological stress.

As a final note, returning to Fig. 2.6, feedback loops II and III simply indicate the
ability of the physiological stress response to further stimulate the cognitive—affective
domain as well as the neurological triggering mechanisms, so as to further promul-
gate the stress response. Such a feedback mechanism may provide the potential for
a psychophysiologically self-sustaining response. This, then, is the physiology of
human stress as currently understood.

Target-Organ Activation

The term farget-organ activation as used in the present model refers to the phenom-
enon in which the neural, neuroendocrine, and endocrine constituents of the stress
response just described (1) activate, (2) increase or (3) inhibit normal activation, or
(4) catabolize some organ system in the human body. Potential target-organ systems
for the stress response include the cardiovascular system, the gastrointestinal system,
the skin, the immune system, and even the brain and its mental status, to mention
only a few. It is from activation of the target organs and the subsequent emergence of
various clinical signs and symptoms that we often deduce the presence of excessive
stress arousal.
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Fig. 2.8 Temporal relationship between primary stress axes

As for which target organs are most likely to manifest stress-related disease or
dysfunction, it appears that two major biogenic factors assist in that determination:
response mechanism stereotypy (Sternbach, 1966) and target-organ specificity
(Everly, 1978). Response mechanism stereotypy refers to a preferential pattern of
stress-related neural, neuroendocrine, or endocrine activation. Target-organ
specificity refers to a predisposing vulnerability of the target organ to experience
pathogenic arousal (Everly, 1986). Genetic, prenatal, neonatal, and traumatic stimuli
may all play a role in such a determination.

Finally, feedback loop IV (in Fig. 2.6) indicates that target-organ activation and
subsequent signs and symptoms of disease may affect the patient’s cognitive—affective
behavior and, therefore, further neurological triggering and continued stress-
response activity. In some cases (e.g., agoraphobic patients, obsessive patients,
and hysteria-prone patients), a hypersensitive awareness to target-organ symptoms
can create a self-sustaining pathogenic feedback loop.

We elaborate upon the issue of target-organ disease in the next chapter.
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Coping

The preceding two sections went into great detail in an attempt to describe what many
phenomenologists have called the “missing link” in psychosomatic phenomena,
that is, the physiological mechanisms of mediation by which cognitive—affective
discord could result in physical disease and dysfunction. It is an understanding of
these physiological mechanisms of mediation that allows us to see stress-related
disorders as the quintessential intertwining of “mind and body” as opposed to some
anomaly of hysteria. Yet we know that the manifestations of human stress are highly
varied and individualistic. Whereas biological predisposition certainly plays a role
in this process, a major factor in determining the impact of stress on the patient is
his or her perceived ability to cope.

Coping is defined as: efforts, both action-oriented and intrapsychic, to manage
(that is, master, tolerate, reduce, minimize) environmental and internal demands,
and conflicts among them, which tax or exceed a person’s resources. Coping can
occur prior to a stressful confrontation, in which case it is called anticipatory
coping, as well as in reaction to a present or past confrontation with harm. (Cohen
& Lazarus, 1979, p. 219)

More recently, coping has been defined as “constantly changing cognitive and
behavioral efforts to manage specific ... demands that are appraised as taxing or
exceeding the resources of the person” (Lazarus & Folkman, 1984, p. 141).

From the perspective of the current model (Fig. 2.6), coping may be thought of
as environmental or cognitive tactics designed to attenuate the stress response.
The present model views coping as residing subsequent to the physiological stress
response and target-organ activation. Thus, coping is seen as an attempt to reestab-
lish homeostasis. Anticipatory coping, as mentioned by Lazarus and other theorists,
is subsumed, in the present model, in the complex interactions of the cognitive—
affective domain.

To further refine the notion of coping, we suggest that coping strategies can be
either adaptive or maladaptive (Girdano et al., 2009). Adaptive coping strategies
reduce stress while at the same time promoting long-term health (e.g., exercise,
relaxation, proper nutrition). Maladaptive coping strategies, on the other hand, do
indeed reduce stress in the short term but serve to erode health in the long term (alcohol/
drug abuse, cigarette smoking, interpersonal withdrawal) (see Everly, 1979a).

Figure 2.6 reflects the belief that when coping is successful, extraordinary target-
organ activation is reduced or eliminated and homeostasis is reestablished. If coping
strategies are unsuccessful, target-organ activation is maintained and the chances of
target-organ disease are increased.

Feedback loops V and VI once again reflect the interrelatedness of all compo-
nents included in Fig. 2.6.

The model depicted in Fig. 2.6 reflects an integration of recent research and
critical thought concerning human stress. It is presented as nothing more than a
pedagogical tool designed to facilitate the clinician’s understanding of the phenom-
enology of the stress response. If it has sensitized the clinician to the major components
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of the stress response and shown their interrelatedness, it has served its purpose.
This phenomenological model is used as a common reference in subsequent chapters
to facilitate better understanding of the topics of measurement and treatment of the
human stress response.

Summary

Our purpose has been to provide a somewhat detailed analysis of the psychophysi-
ological nature of the human stress response. Let us review the main points of this
chapter.

1.

The nervous systems serve as the foundation of the stress response. The neuron
is the smallest functional unit within any given nervous system. Communications
between neurons, and therefore within nervous systems, are based upon electri-
cal (ionic transport) and chemical (neurotransmitter mobilization) processes.
Nervous systems are anatomically arranged in the following schema:

(a) Central nervous system
¢ Brain
e Spinal cord

(b) Peripheral nervous systems
¢ Somatic (to skeletal musculature)
e Autonomic (to glands, organs, viscera)
— Sympathetic
— Parasympathetic

. Figure 2.6, which represents an integrative epiphenomenological model of the

stress response, is reproduced once again here as Fig. 2.10 for review purposes.
Let us summarize its components.

. Environmental events (stressors) may either “cause” the activation of the stress

response (as in the case of sympathomimetic stressors) or, as is usually the case,
simply “set the stage” for the mobilization of the stress response.

. The cognitive—affective domain is the critical “causal” phase in most stress reac-

tions. Stress, like beauty, appears to be in the eye of the beholder. One’s interpre-
tation of the environmental event is what creates most stressors and subsequent
stress responses.

. The locus ceruleus, limbic complexes, and the hypothalamic nuclei trigger effer-

ent neurological, neuroendocrine, and endocrine reactions in response to higher
cognitive—affective interactions.

. The actual stress response itself is the next step in the system’s analysis.

Possessing at least three major efferent axes —neurological, neuroendocrine, and
endocrine—this “physiological mechanism of mediation” represents numerous
combinations and permutations of efferent activity directed toward numerous
and diverse target organs (see Fig. 2.9).
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The most rapid of the physiological stress axes are the neurological axes.
They consist of mobilization of the sympathetic, parasympathetic, and neuro-
muscular nervous systems. The neuroendocrine axis, sometimes called the
sympathoadrenomedullary system (SAM), but better known as Cannon’s “fight-
or-flight” response, is next to be mobilized. Activation leads to the extraordi-
nary release of epinephrine and norepinephrine. Finally, the endocrine axes,
researched primarily by Hans Selye, are potential response mechanisms.
Consisting of the adrenal cortical axis (HPAC system), the somatotropic axis,
the thyroid axis, and the posterior pituitary axis, these axes play a major role in
chronic disease and dysfunction. Selye’s notion of the General Adaptation
Syndrome is an attempt to unify these axes (see Table 2.6).

7. As aresult of the stress response axes being extraordinarily mobilized, target-
organ activation is realized.

8. The final step before pathogenic target-organ activation is coping. Here, the
patient has the opportunity to act environmentally or cognitively, or both, so as
to reduce or mitigate the overall amplitude and level of activation that reaches
the target organs.

9. Should stress arousal be excessive in either acute intensity or chronicity, target-
organ dysfunction and/or pathology will result.

10. As a final note, remember that the aforementioned axes are always activated at
some level of functioning. Inclusion in this chapter simply reflects their poten-
tial for pathogenic arousal in response to stressor stimuli and thus their aggre-
gate designation as the physiological mechanisms of the stress response.

11. In summary, this chapter was designed to provide the reader with a reasonable
approximation of the mechanisms that serve to link the stressor stimulus with
target-organ activation. Chapter 3 extends this examination into the link between
stress arousal and subsequent disease.
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Chapter 3
The Link from Stress Arousal to Disease

The notion that one’s psychosocial environment, lifestyle, and attitudes are linked
to disease is by no means a new idea, as discussed in Chap. 1. In a scholarly meta-
analysis, Tower (1984) reviewed 523 published reports investigating the relation-
ship between psychosocial factors and disease. Ultimately selecting 60 of those
studies on the basis of design considerations, she then submitted the data to a meta-
analysis. The results supported the conclusion that there exists a strong relationship
between psychosocial factors and illness. She notes, “Psychological well-being
appeared to be most strongly associated with coronary heart disease and infectious
processes ... although it was significantly associated with all diseases [investigated]
except complications of pregnancy” (p. 51). To assess the power of her findings,
Tower calculated the number of fugitive studies required to reject the findings of her
meta-analysis. The results of this analysis of outcome tolerance revealed that over
28,000 fugitive studies would be required to reject the conclusion that psychosocial
factors are related to disease. More recently, researchers have studied the link
between psychosocial factors and heart disease (Low, Thurston, & Matthews, 2010),
depression (Bonde, 2008) and even musculoskeletal pain (Macfarlane et al., 2009).

In the tradition of Pasteur, however, in order for a stimulus to be recognized as
being a credible cause or contributor to disease, the pathophysiological processes
that culminate in target-organ disease and dysfunction (sometimes called mecha-
nisms of mediation) must be understood. Chapter 2 reviewed a model by which a
stressor may activate stress-response mechanisms. That chapter further detailed
potential stress-response effector mechanisms that might undergird such pathogenic
relationships as confirmed by Tower (1984). The chapter offered evidence that an
aggregation of neural, neuroendocrine, and endocrine response axes, collectively
referred to as the stress response, were indeed vulnerable to extraordinary activation
upon exposure to psychosocial stimuli. This chapter examines the logical extension
of stress physiology by reviewing several noteworthy models of target-organ patho-
genesis, that is, those proposed factors that link stress arousal mechanisms, once
they are activated, to target-organ disease.
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Although the literature in psychosomatic phenomenology as a global concept is
voluminous, relatively few models exist that concern themselves more directly
with the link between extraordinary arousal of the stress axes and the ultimate
manifestations of stress-related disease. Let us take this opportunity to review sev-
eral of those models.

Selye’s “General Adaptation Syndrome”

In Chap. 2, Selye’s General Adaptation Syndrome (GAS) was introduced as a
means of integrating the manifestations of the stress response as a sequential
series of physiological events. Its triphasic constituency was described at that
point: (1) the alarm stage, (2) the stage of resistance (adaptation), and (3) the
exhaustion stage. The GAS is mentioned in the present chapter because, not only
does it serve to integrate, from a temporal perspective, many of the stress axes
described earlier, but it also serves to explain the link from stress arousal to dis-
ease. As described by Selye (1956), Stage 1 of the GAS involves a somatic
“shock” and initial “alarm reaction” for biological sources within the body fol-
lowing exposure to a stressor. The insult to the bodily tissues during this acute
alarm phase could be so great as to deprive the target organ of its ability to com-
pensate. If this happens, as might occur in cases of burns, electrical shock, or
acute psychological trauma, the target organ may simply cease to function (e.g.,
in the case of cardiac fibrillation). Thus, the target organ will have been traumati-
cally exhausted and rendered incapable of further functioning. Serious illness or
death may then result.

If, however, the resources of the body are not completely compromised as a
result of the “alarm” phase, then the stage of resistance is entered. Here the body’s
resources are mobilized to reestablish homeostasis. This is what usually occurs in
most stress-related conditions. Yet, in order to maintain homeostasis in the face of a
persistent stressor, there is a chronic drain of “adaptive energy,” that is, physiologi-
cal resources. Should the stressor persist indefinitely (even in the form of cognitive
rumination) or should Stages 1 and 2 recycle themselves too frequently, eventual
exhaustion of the target organ is predicted. This is the third and final stage in Selye’s
schema, the exhaustion phase. Thus, stress-related disease manifestation would
occur as a result of a depletion of adaptive physiological resources and the subse-
quent target-organ exhaustion would be considered a result of excessive “wear and
tear” (Selye, 1974). This then is the GAS as it attempts to define the stress-to-disease
process. The GAS has been criticized for its global generality and lack of sensitivity
for physiological response specificity (Mason, 1971).

In Selye’s original exposition, he states, “It seems to us that more or less
pronounced forms of this three-stage reaction represent the usual response of the
organism to stimuli such as temperature changes, drugs, muscular exercise, etc., to
which habituation or inurement can occur” (1936, p. 32). Yet subsequent researchers
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such as Mason (1971) argued that the stress response and subsequent target-organ
pathology may indeed be rather specific, rather than generalized, pathogenic pro-
cesses. This was a point with which Selye would have to contend for the rest of his
career.

Given that Selye’s important formulations were from the perspective of an endo-
crinologist more interested in pathogenic mechanisms than target-organ pathology
per se, later writers in the emerging field of psychosomatic medicine would greatly
elaborate upon the link from stress arousal to stress-related disease. Those mecha-
nisms we consider most important are summarized below.

Lachman’s Model

In a “behavioral interpretation” of psychosomatic disease, Lachman (1972) pro-
poses an “autonomic learning theory” that emphasizes:

... the role of learning in the development of psychosomatic aberrations without minimiz-
ing the role of genetic factors or of nongenetic predisposing factors. The essence of the
theory proposed is that psychosomatic manifestations result from frequent or prolonged or
intense ... reactions elicited via stimulation of receptors. (pp. 62-63)

Lachman argues that a major source of frequent, prolonged, or intense emotional
and physiological reactions is a learned pattern of emotional and autonomic respon-
siveness. More specifically, he notes with regard to the stress-to-disease phenome-
non, “In order for emotional reactions to assume pathological significance such
reactions must be intense or chronic or both” (p. 70). He goes on to state that which
end-organ structure will be affected pathologically depends on the following:

1. Genetic factors that biologically predispose the organ to harm from psychophysi-

ological arousal.

2. Environmental factors that predispose the organ to harm from psychophysiologi-
cal arousal, including such things as nutritional influences, infectious disease
influences, physical trauma influences, and so on.

. The specific structures involved in the physiological reactivity.

4. The magnitude of involvement during the physiological response, which he has

defined in terms of intensity, frequency, and duration of involvement of the
organ.

(O8]

Lachman (1972) concludes that the determination of which structure is ultimately
affected in the psychosomatic reaction depends on “the biological condition of the
structure” (whether a function of genetic or environmental influences), “on the initial
reactivity threshold of the organ, and on ... learning factors” that affect the activa-
tion of the organ. He goes on to note that the “magnitude of the psychosomatic
phenomenon” appears to be a function of the frequency, intensity, and chronicity of
the organ’s activation.
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Sternbach’s Model

In a somewhat more psychophysiologically oriented model, Sternbach (1966)
provides another perspective on the stress-to-disease issue, which is considered a
variation on the diathesis—stress model of Levi and Andersson (1975).

The first step in Sternbach’s model is response stereotypy. This term generally
refers to the tendency of an individual to exhibit characteristically similar patterns
of psychophysiological reactivity to a variety of stressful stimuli. Sternbach views
it as a “predisposed response set.” That such a response stereotypy phenomenon
does indeed exist has been clearly demonstrated in patient and normal populations
(Lacey & Lacey, 1958, 1962; Malmo & Shagass, 1949; Moos & Engel, 1962;
Schnore, 1959).

Response stereotypy may be generally thought of as a form of the “weak-link”
or “weak-organ” theory of psychosomatic disease. Whether the weak organ is
genetically determined, a function of conditioning, or acquired through disease or
physical trauma is unclear.

The second step in the Sternbach model entails the frequent activation of the
psychophysiological stress response within the stereotypical organ. The mere exis-
tence of response stereotypy is not enough to cause disease. It is obvious that the
organ must be involved in frequent activation in order to be adversely affected.

Finally, Sternbach’s model includes the requirement that homeostatic mecha-
nisms fail; that is, once the stereotypical organ has undergone psychophysiological
arousal, that stress-responsive organ must now evidence slow return to baseline
level of activity. Such homeostatic failure has been implicated in the onset of dis-
ease since the work of Freeman (1939). Freeman advanced the theory that auto-
nomic excitation that is slow to deactivate from an organ system does increase the
strain on that system. Malmo, Shagass, and Davis (1950) empirically demonstrated
that such a phenomenon exists. Lader’s (1969) review on this issue implicates it as
a potential precursor to disease.

Sternbach (1966) has then put forward these conditions as prerequisites for the
development of a stress-related disorder. The reader is referred to the work of Stoyva
for further commentary on the Sternbach model, as well as other theories of psycho-
somatic illness (Stoyva, 1976, Stoyva & Budzynski, 1974).

Kraus and Raab’s “Hypokinetic Disease” Model

In their treatise on exercise and health, Kraus and Raab (1961) argue that many
stress-related diseases are induced not so much by the direct physiology of the stress
response, but by the lack of subsequent somatomotor expression of that physiology.
They argue that a little over 100 years ago, vigorous physical labor was a way of life
that actually served as a protective mechanism against diseases commonly referred
to today as “diseases of civilization.” These authors suggest that modern sedentary
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lifestyles have put that protective mechanism “all but out of commission.” Kraus
and Raab (1961) conclude:

The system that has been put all but out of commission, the striated musculature ... has an
important role which exceeds the mere function of locomotion. Action of the striated mus-
cle influences directly and indirectly circulation, metabolism, and endocrine balance. ...
Last but not least the striated muscle serves as an outlet for our emotions and nervous
responses ... Obliteration of [this] important safety valve ... might well upset the original
balance to which the bodies of primitive man have been adapted. (p. 4)

Therefore, Kraus and Raab coined the term “hypokinetic disease” (hypo = under;
kinetic =motion/exercise) to refer to a wide array of diseases that as a result of the
lack of healthful expression/utilization of the physiological mechanisms of the
stress response. The notion of the lack of physical activity serving as a risk factor
for disease and dysfunction has been supported by the World Health Organization
(Chavat et al., 1964), which concludes that suppression of somatomotor activity in
response to stress arousal is likely to lead to increased cardiovascular strain.

Schwartz’s “Disregulation” Model

Gary Schwartz, working at Yale University (1977, 1979), devised a general systems
model of stress-related pathogenesis that revolves around homeostatic disregulation
as its pathogenic core (see Fig. 3.1). He notes, “It follows directly from cybernetic
and systems theory that a normally self-regulatory system can become disordered
when communication ... between specific parts of the system is ... disrupted”
(1979, p. 563).

Schwartz (1977) describes his model: When the environment (Stage 1) places demands on
a person, the brain (Stage 2) performs the regulatory functions necessary to meet the specific
demands. Depending on the nature of the environmental demand on stress, certain bodily
systems (Stage 3) will be activated, while others may be simultaneously inhibited. However,

Environmental Demands

(Stage 1)
Organism
. Brain
l (Stage 2)
Negative l
Feedback } >
(Stage 4) [
I
L

Peripheral Organs
(Stage 3)

Fig. 3.1 Schwartz’s model
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if this process is sustained to the point where the tissue suffers deterioration or injury, the
negative feedback loops (Stage 4) of the homeostatic mechanism will normally come into
play, forcing the brain to modify its directives to aid the afflicted organ. (p. 76)

Thus, the negative feedback loops described by Schwartz dominate the normal
physiological milieu and are necessary to effective, adaptive functioning. Yet
Schwartz argues that it is a disregulation in Stage 4 homeostatic mechanisms that
may lead to a host of stress-related diseases through target-organ overstimulation.
Overstimulation may occur by the creation of positive, self-sustaining feedback
mechanisms or the blockage of natural inhibitory processes. Schwartz argues that
disconnection of any feedback mechanism, from a systems view, is capable of lead-
ing to disregulation and thus to disease.

Congruent with the aforementioned model, therapeutic interventions would
entail reestablishing homeostasis (homeostatic regulation). Consistent with this is
Greengard’s (1978) perspective based on the observation of physiological systems:
“It seems probable that derangements of homeostatic processes are responsible for
many disease states. Conversely, it seems likely that the effects of many therapeutic

. agents are exerted on such homeostatic systems” (p. 146). Therefore, as one
might expect, Schwartz sees biofeedback and other auto-regulatory therapies as
useful agents for the treatment of stress-related disorders.

Conflict Theory of Psychosomatic Disease

Spawned in the formulative years of psychosomatic medicine, Alexander (1950)
postulated that specific types of conflicts lead to specific types of physical illnesses.
More specifically, specific psychical conflicts engendered specific mechanisms of
physiological pathogenesis. The result was a specific target-organ illness. Several
specific conflict—illness relationships were suggested:

Guilt — vomiting

Alienation — constipation

Repressed hostility — migraine headaches

Dependence — asthma

More recently, Harris (1991), using a specially designed psychometric instru-
ment, the Life Events and Difficulties Schedule (LEDS), empirically investigated
the relation between life events and illness. The following relations emerged:

Long-term threat and loss — depression

Danger — anxiety

Goal frustration — gastrointestinal disorders and Coronary artery disease

Major challenge — amenorrhea or dysmenorrhea

With the possible exception of Rosenman and Friedman’s (1974) Type A behavior
pattern and its predictive relationship with premature coronary artery disease, the
specific conflict approach to psychosomatic illness has not proven very predictive
of any specific physical or psychological disorder.
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Everly and Benson’s “Disorders of Arousal” Model

The “disorders of arousal” model of pathogenesis (Everly & Benson, 1989) is a
direct result of an integration of efforts from Harvard University to understand the
mechanisms of pathogenesis in psychosomatic disorders (Everly, 1986) and the
mechanisms active in the amelioration of such psychosomatic disorders (Benson,
1975, 1987, 1996).

It has been observed for over five decades that various technologies that could be
used to induce a hypoarousal relaxation response were able to ameliorate, or at least
diminish, the severity of a wide and diverse variety of diseases. Despite data sup-
porting specific clinical and experimental effects for various stress-management
methods (Lehrer, Carr, Sargunaraj, & Woolfolk, 1994; Lehrer, Woolfolk, & Sime,
2007), it also seems that the initiation of what Herbert Benson (1975) has called the
“relaxation response’ has virtually a generic applicability across a wide spectrum of
stress-related, psychosomatic diseases. That observation led to an investigation of
the source of the broad-spectrum therapeutic effect of the relaxation response as a
way of understanding the disorders it was useful in treating. The investigation cul-
minated in an analysis of common phenomenological mechanisms, that is, common
denominators (latent), occurring across anxiety and stress-related diseases that
would serve to homogenize such disorders.

Based upon an integration of the work of Goddard on “kindling” (Goddard &
Douglas, 1976), Post on “sensitization” (Post & Ballenger, 1981), Gellhorn on
“ergotropic tuning” (1967), and Gray (1982) on the limbic system, it has been pro-
posed by Everly that the phenomenology of many chronic anxiety- and stress-related
diseases is undergirded by the existence of a latent, yet common denominator, exist-
ing in the form of a neurological hypersensitivity for excitation (or arousal) residing
within the subcortical limbic circuitry (Everly, 1985b). This limbic hypersensitivity
phenomenon (LHP) may be understood as an unusually high propensity for neuro-
logical arousal/excitation with the potential to lead to, or exist as, a pathognomonic
state of excessive arousal within the limbic system. “Hyperstartle reaction,” “auto-
nomic hyperfunction,” and “autonomic lability” are diagnostic terms commonly
used to capture such a notion. The LHP is believed to develop as a result of either
acutely traumatic or repeated extraordinary limbic excitation and is credited with
the potential to ignite a cascade of extraordinary arousal of numerous and varied
neurological, neuroendocrine, and endocrine efferent mechanisms (as discussed in
Chap. 2) and, therefore, the potential to give rise to a host of varied psychiatric and
somatic disorders. The subsequent disorders are then referred to as “disorders of
arousal.” This concept is captured in Fig. 3.2.

Figure 3.2 depicts the notion that, responsive to a host of widely disparate
etiological factors (stressors) including environmental events, cognitive—affective
dynamics, personologic predispositions, and the like, there exists a subtle, latent
mechanism of pathogenesis: a neurological hypersensitivity for pathogenic arousal
located within the limbic circuitry. Such arousal is believed to be capable of triggering
a subsequent variety of physiological effector mechanisms (stress-response axes)
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within existing patterns of response predisposition (response stereotypy), so as
to ultimately give rise to a wide and diverse spectrum of target-organ disorders
(disorders of arousal). Included in the disorders of arousal taxonomy would be most
anxiety and adjustment disorders, including some forms of depression, as well as
virtually any and all stress-related physical disorders. The disorders of arousal will
be enumerated in greater detail later in this volume. The reader may also refer to
Everly and Benson (1989), Doane (1986), and Post (1986).

The natural corollary of the disorders of arousal model of pathogenesis is the
notion that effective treatment of such disorders is highly related to reducing the
subcortical hypersensitivity through the use of some “antiarousal” therapy. In
addition to various pharmacological interventions, Benson’s concept of the relax-
ation response represents a natural antiarousal phenomenon that appears antitheti-
cal to the mechanisms that undergird the disorders of arousal. Thus, it may well
be that a major source of the broad-spectrum therapeutic effect exhibited by the
relaxation response resides in the homeostasis-seeking, antiarousal phenomenol-
ogy of the relaxation response, which serves to inhibit the mechanism of limbic
hypersensitivity believed to exist as a common denominator among the various
disorders of arousal.

In summary, the disorders of arousal model of stress-induced pathology recog-
nizes the influences of environmental factors, cognitive—affective dynamics, patterns
of previous learning, and patterns of preferential psychophysiological excitation as
described in previous models and summarized elsewhere (Everly, 1986). Yet it
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focuses upon the limbic system proper, its efferent influences on cognitive processes,
and its effector mechanisms through the hypothalamus. More specifically, it focuses
upon a proposed LHP, developed as a result of extraordinary limbic excitation, as
key constituents in linking the stress response to stress-related disease formation,
especially chronic manifestations of such diseases.

Several different theories have been enumerated here to explain how psychophys-
iological arousal can be channeled to affect target organs adversely. Despite the
disparity between the theories mentioned, there does appear to be one element,
either directly stated or implied, that is common to all. That commonality pertains
to how the target organs ultimately become dysfunctional or pathological—simply
stated, if any given target organ is subjected to psychophysiological overload (over-
stimulation) for a long enough period, that organ will eventually manifest symptoms
of dysfunction or pathology due to excessive “wear and tear,” be it biochemically
induced trauma or toxicity, or actual visceromotor fatigue or exhaustion. According
to Stoyva (1976) in his review of stress-related disorders, “A number of investiga-
tors have hypothesized that if the stress response is evoked too often, or sustained
for too long, then disorders are likely to develop” (p. 370). In a “behavioristic inter-
pretation” of psychosomatic disorders, Lachman (1972) states, “The longer a given
structure is involved in an ongoing emotional reaction pattern, the greater is the
likelihood of it being involved in a psychosomatic disorder” (pp. 69-70). Lachman
concludes, “Theoretically, any bodily structure or function can become the end
focus of psychosomatic phenomena—but especially those directly innervated and
regulated by the autonomic nervous system” (p. 71).

Perhaps of greater interest to the clinician than the theory concerning what causes
a target-organ symptom to be overloaded is the widely accepted conclusion that
target-organ stress-related diseases result from excessively frequent, intense, and/or
prolonged activation, that is, overstimulation (see Everly, 1986; Everly & Benson,
1989; Kraus & Raab, 1961; Lachman, 1972; Sternbach, 1966; Stoyva, 1976; Stoyva
& Budzynski, 1974). See Table 3.1.

Summary

Chapter 2 described a mechanism by which psychosocial factors could serve to
ignite extraordinary arousal of the physiological stress-response axes through
cognitive—affective integrations and limbic—hypothalamic neurological mechanisms.
This chapter pursued the logical extension of stress—axis arousal by reviewing the
pathogenic mechanisms that are postulated to link the stress response to subsequent
target-organ disease. Let us review the main points covered in this review.

1. All major theories agree that target-organ pathology ultimately results when the
specific target organ is overstimulated. Overstimulation may occur as a result
of excessively frequent, chronic, or intense stimulation. Pathological states
emerge from excessive “wear and tear” on the target organ and can be caused by
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Table 3.1 From stress to disease: theories of psychosomatic pathogenesis

Theory

Pathogenic mechanisms

Result

Selye’s “General
Adaptation
Syndrome”

Lachman’s
“behavioral”
model

Sternbach’s model

Kraus and Raab’s
“hypokinetic
disease’” model

Schwartz’s
“disregulation”
model

Conflict theory

Everly and
Benson’s
“disorders of
arousal” model

Triphasic fluctuation of neuroendocrine
and endocrine mechanisms,
especially ACTH. The chronic
maintenance of the stage of
resistance yields a depletion of
adaptive energy

Biological and learned factors interact
to establish predisposing patterns of
target-organ arousal and disease
from excessively frequent stress
arousal. Emotional and autonomic
learning play a major role in
repeated target-organ excitation

Response stereotypy. Frequent stress
arousal. Homeostatic recovery
failure

Suppression of somatomotor behavior.
Failure to ventilate and utilize the
stress response once activated.
Increased pathogenic risk

Failure in homeostatic feedback
mechanisms following stressor
exposure

Specific psychic conflicts lead
to specific physical illnesses

Limbic hypersensitivity phenomenon
causing extraordinary arousal
of stress response axes

Depletion of adaptive physi-
ological energy — exhaus-
tion — disease, due to
excessive wear and tear

Excessively intense or
excessively chronic
activation of target
organs — stress-related
disease (excessive wear and
tear)

Frequent target-organ activation
— organ fatigue and
pathology

Target-organ overload and
pathology

Target-organ overload and
pathology

Target-organ overload and
pathology

Excessively intense and/or
excessively frequent or
chronic activation of stress
response axes — target-
organ overstimulation and
pathology

biochemical toxicity or trauma (e.g., necrosis) as well as structural alteration
and visceromotor fatigue or exhaustion.

. The GAS of Selye presents a triphasic model by which acute “shock’ or chronic
excitation could ultimately deplete the physiological constituents that normally
allow target organs to continue to function in the face of stress arousals. The
results would be target-organ exhaustion and perhaps even death.

. Lachman’s behavioral model emphasizes the point that emotional and autonomic
responses could be learned. Interacting with other biological factors that are not
learned, emotional and autonomic learning can cause repeated target-organ
excitation. Excessively prolonged, frequent, or intense target-organ stimulation
may then lead to disease.

. Sternbach’s psychophysiological model cites response stereotypy, frequent
arousal of stress-response axes, and homeostatic recovery delay as factors that
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serve to exhaust target organs and lead to disease. Once again, the theme of
overutilization emerges as the key pathogenic constituent.

5. Kraus and Raab’s model emphasizes the role of suppressed somatomotor expres-
sion in the etiology of stress-related pathology. Such suppression leads to target-
organ overstimulation, exhaustion, and ultimately disease.

6. Schwartz’s “disregulation” model also accepts the overload/overstimulation con-
cept, but emphasizes the role of faulty negative feedback mechanisms in the
pathological etiology.

7. The conflict theory postulates that specific psychological conflicts lead to specific
physical and/or psychological disorders. This is clearly the weakest of the major
psychosomatic theories.

8. Finally, Everly and Benson propose a model that serves to unite stress-related
illnesses on the basis of a LHP, that is, a sensitization (increased propensity for
activation) of cognitive, affective, and stress-response efferents in the formula-
tion of stress-related disease. It is proposed that excessively frequent, chronic, or
intense activation of target organs based upon the limbic hypersensitivity could
ultimately exhaust the target organ and lead to a stress-related disease.

9. Thus, we see that all theories of pathogenesis, while emphasizing different phe-
nomenological aspects as to why target-organ overstimulation occurs, agree that,
indeed, overstimulation and excessive wear of target organs lead to stress-related
dysfunction and disease. Chapter 4 will review specific stress-related diseases
commonly encountered in clinical practice.
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Chapter 4
Stress-Related Disease: A Review

I’m at the mercy of any rogue who cares to annoy and tease me.
John Hunter, eighteenth-century physician

There has been skepticism that emotions aroused in a social
context can so seriously affect the body as to lead to long-term
disease or death. But the work, such as that of Wolf, shows that
machinery of the human body is very much at the disposal of
the higher centers of the brain.... Given the right
circumstances, these higher controls can drive it mercilessly,
often without awareness on the part of the individual of how
close he is to the fine edge.

(Henry & Stephens, 1977, p. 11)

To review what we have covered so far, Chap. 2 proposed a model of how psychosocial
factors can activate a complex myriad of neurological, neuroendocrine, and endocrine
response axes. Similarly, Chap. 2 reviewed the physiological constituents of these
stress axes in considerable detail. Chapter 3 reviewed the link from stress arousal to
disease by summarizing several noteworthy models constructed to elucidate how stress
arousal can lead to disease and dysfunction, that is, mechanisms of pathogenesis that
link causally stress arousal to target-organ pathology. The goal of this chapter is to
review some of the most common clinical manifestations of excessive stress, and more
specifically, to familiarize the reader with some of the most frequently encountered
target-organ disorders believed to be related to excessive stress arousal.

Gastrointestinal Disorders

Excessive stress and the diseases of the gastrointestinal (GI) system have been
thought to be related for decades. The most commonly encountered stress-related
GI disorders are peptic ulcers, ulcerative colitis, irritable bowel syndrome, and
esophageal reflux.
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Gastrointestinal Physiology

Before reviewing specific disorders, let us briefly review the basic physiology of the
GI system. As described by Weinstock and Clouse (1987), the GI system involves a
series of sequentially arranged tubular organs separated by sphincters. This system
includes the esophagus, the stomach, the duodenum, the small intestine, and the
large intestine (colon). See Fig. 4.1.

The esophagus provides a tubular canal for the connection of the mouth and the
stomach. The activity of the esophagus is primarily under vagal control and neural
mechanisms are primarily responsible for esophageal motility. The upper border of
the esophagus is the cricopharyngeus (upper esophageal sphincter). The lower bor-
der is the lower esophageal sphincter, the gateway to the stomach.

The basic functions of the stomach are to receive, pulverize, nutritionally regu-
late, and temporarily store the food one consumes. The stomach is lined with a
mucosal tissue that serves to protect it from its own digestive processes. Under the
influence of factors such as gastrin, histamine, and vagal and sympathetic stimula-
tion, intragastric dynamics involving the release of hydrochloric acid, pepsin, and
mucus, as well as muscular contractions, act upon food that has been delivered to
the stomach from the esophagus.

From the stomach, the food passes through the pyloric sphincter to the duode-
num. The gallbladder is responsible for releasing bile into the duodenum.

The small intestine and its specialized mucosal lining serves as the primary loca-
tion for digestion and nutrient absorption. Finally, the large intestine is designed for
the absorption and orderly evacuation of concentrated waste products (Weinstock &
Clouse, 1987). Let us now review several common stress-related GI disorders.

Peptic Ulcers

Peptic ulcers are usually further classified by their location in the GI system: gastric
or stomach ulcers and duodenal ulcers. The incidence of peptic ulcer disease is
about 18 in 10,000, with duodendal ulcers accounting for about 75% of those
cases.

It was demonstrated many years ago that emotions of anger and rage are related
to increased secretion of acid and pepsin by the stomach and that this secretion
decreased with depression (Mahl & Brody, 1954; Mittelman & Wolff, 1942; Wolf &
Glass, 1950). Although it might be concluded that what one sees in gastric ulcers,
that is, an erosion of the wall of the stomach by the acid and enzyme it produces, is
simply an exaggeration of a normal physiological response; actually it is not quite so
simple. Certainly, emotions can raise gastric acid secretion and exacerbate an already
existing ulcer, but normally the stomach wall is protected from the acid within it by
a lining of mucus secreted by other cells in its wall. How this protective system
breaks down and what predisposes a person to such an event remains elusive.
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Fig. 4.1 The gastrointestinal system. (Source: Daniel A. Girdano and George S. Everly, Jr. (1986).
Controlling Stress and Tension: A Holistic Approach, 2nd ed., pp. 36, 39. Reprinted by permission
of Prentice-Hall, Inc., Englewood Cliffs, NJ)

There seems to be a combination of emotional and genetic factors involved in the
pathogenesis of gastric ulcers, and such studies as that of Weiner, Thaler, Reiser,
and Mirsky (1957) have demonstrated this quite well. These investigators were able
to predict which individuals in a group of recruits in basic training in the army
would develop gastric ulcers on the basis of serum pepsinogen levels—a genetic
trait that is apparently a necessary but not sufficient factor in the formation of gas-
tric ulcers. Gastric ulcers were also of interest to Selye (1951), who described ulcers
apparently in response to chronic arousal of the endocrine stress axes in the general
adaptation syndrome. One could thus conceive of a mechanism whereby stress,
through the intermediation of neural or hormonal mechanisms, could result in
significant irritation. In individuals who are so predisposed, ulceration of the stom-
ach would occur given sufficient time and continued exposure to the stress. The
picture is less clear-cut, however, in that it has been suggested that the duodenal
ulcer results from changes in the mucosal wall “associated with sustained activation
and a feeling of being deprived” (Backus & Dudley, 1977, p. 199).
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Therefore, strongly implicated in the stress response, the specific causal mechanisms
involved in peptic ulcer formation are probably multifactorial. Vagus-stimulated
gastric hypersecretion as well as glucocorticoid anti-inflammatory activity on the
mucous lining has been implicated. Yet conclusive data are lacking at present with
regard to the selective activation of each mechanism. Bacteriological infections
have most recently been implicated in ulcer formation, but a primary main effect
seems doubtful. Rather, some complex interaction effect between arousal and bac-
teria seems more likely in instances where bacteria are, indeed, implicated.

Ulcerative Colitis

Ulcerative colitis is an inflammation and ulceration of the lining of the colon.
Research by Grace, Seton, Wolf, and Wolff (1949) and Almy, Kern, and Tulin
(1949) produced evidence that the colon becomes hyperactive and hyperemic with
an increase in lysozyme levels (a proteolytic enzyme that can dissolve mucus) under
stress. The emotions of anger and resentment are reported to create observable
ulcerations of the bowel (Grace et al.). “Sustained feelings of this sort might be
sufficient to produce enough reduction in bowel wall defenses to the point that the
condition becomes self-sustaining” (Backus & Dudley, 1977, p. 199).

The predominant symptom of ulcerative colitis is rectal bleeding, although diar-
rhea, abdominal cramping and pain, and weight loss may also be present. Ulcerative
colitis is sometimes associated with disorders of the spine, liver, and immune
system. Rosenbaum (1985) has stated, “The frequency with which emotional
precipitating-factors are identified varies, being as high as 74% in adults and 95%
in children” (p. 79). Personologic investigations of colitis patients commonly find
them to possess an immature personality structure often demonstrating extreme
compulsive traits.

Irritable Bowel Syndrome

Mitchell and Drossman (1987) refer to irritable bowel syndrome (IBS) as the most
common of the functional disorders. It is viewed as a syndrome of dysfunctional
colonic motility; that is, the colon proves to be overreactive to psychological as well
as physiological stimuli.

The diagnostic criteria for IBS include atypical abdominal pain, altered bowel
habits, symptomatic duration of 3 months or more, and disruption of normal life-
style (Latimer, 1985). Abdominal distention, mucus in the stools, fecal urgency,
nausea, loss of appetite, and even vomiting are other IBS symptoms.

The pathophysiology of IBS is clearly multifactorial, with abnormal myoelectric
phenomena, altered gut opiate receptors, abnormal calcium channel activity, and
increased alpha-adrenergic activity. Personality characteristics of IBS patients often
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Table 4.1 Psychological stimuli and gastrointestinal responses

Psychological state GI response

Anxiety Increased esophageal motility
Increased colonic contractions
Increased intraluminal pressure of the colon

Hostility, resentment, aggression (without Increased colonic contractions
somatomotor expression) Increased gastric acid
Increased contractile activity of stomach
Depression Decreased gastric acid
Decreased colonic contractions
Wish to be rid of trouble Rapid colonic transit with diarrhea

include compulsiveness, overly conscientious behavior, interpersonal sensitivity,
and nonassertiveness (Latimer, 1985). Whitehead (1992) found stress to be related
to acute IBS exacerbation and disability.

Esophageal Reflux

Before leaving this section on GI disorders it would be prudent to mention gastroe-
sophageal reflux and its frequent corollary, esophagitis. Dotevall (1985) has indi-
cated that these syndromes are common stress-related disorders. According to
Young, Richter, Bradley, and Anderson (1987):

Heartburn, a common GI symptom, generally is experienced as a painful substernal burning
sensation. However, sensations can radiate into the arms or jaw and mimic pain associated
with coronary artery disease. Heartburn [esophageal reflux] symptoms typically occur after
eating, when lying down, or during bending or straining. The symptoms result from fre-
quent irritation of the sensitive mucosal lining of the esophagus by the usually acidic gastric
contents. (p. 8)

Although the primary physiological cause of esophageal reflux and esophagitis
is a weakened lower esophageal sphincter, psychological factors are known to con-
tribute to the reflux phenomenon (Dotevall, 1985).

In his superb review of GI physiology and stress, Dotevall (1985) listed the
known effects of varied emotional reactions on GI activity. These are summarized
in Table 4.1.

Cardiovascular Disorders

The cardiovascular system is thought by many researchers and clinicians to be the
prime-target end organ for the stress response. The cardiovascular disorders most
often associated with excessive stress are essential hypertension, migraine head-
ache, and Raynaud’s disease.
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Cardiovascular Physiology

Before reviewing those specific disorders, a brief review of cardiovascular physiology
is appropriate. Figure 4.2 details the cardiovascular system.

The heart is the key component in the cardiovascular system. It pumps nutrient-
rich, oxygenated arterial blood to the cells of the body while at the same time pump-
ing venous blood, which carries the various metabolic waste products.

The heart is divided into two halves: a right heart and a left heart. The circulatory
cycle begins with blood entering the right heart. This blood supply is waste-filled
venous blood. It has traveled throughout the venules and veins once it left the capil-
lary beds, where the nutrient and gaseous exchanges initially took place within the
body. The venous blood enters the resting heart and fills a small feeder chamber
called the right atrium. Blood then passively moves through the tricuspid valve into
the pumping chamber of the right heart, the right ventricle. Once the right ventricle
is almost completely filled, an electrical impulse begins in the sinoatrial conducting
node so as to contract the right atrium. This action forces any remaining blood into
the right ventricle.

More specifically, the electrical impulse transverses the atrium until it reaches
the atrioventricular node, where there is a fraction-of-a-second delay completing
the filling of the right ventricle. Then the electrical impulse is sent through the ven-
tricle, forcing it to contract and pump the venous blood through the pulmonary
valve toward the lungs via the pulmonary artery. Once the blood arrives in the lungs,
waste products such as carbon dioxide are exchanged for oxygen and the blood is
returned to the heart.

The left heart receives the fresh, oxygenated blood from the lungs via the pulmo-
nary vein. This blood enters the left heart at the point of the left atrium. From here
the blood is moved through the mitral valve into the left heart’s pumping chamber,
the left ventricle. Once again, when the heart beats, it sends the electrical impulse
from the sinoatrial node through the left atrium to the atrioventricular node, ulti-
mately culminating in the contraction of the left ventricle. Blood pumped from the
left ventricle passes through the aortic valve through the aorta into the arterial sys-
tem, including the coronary arteries. The arteries narrow into arterioles, which feed
the capillary beds where the cells exchange gases and nutrients. Then the capillaries
feed the venules, which feed the veins, and the cycle is repeated.

Both the right and left hearts pump simultaneously; therefore, blood is being
pumped to the lungs at the same time it is being pumped out to the body.

The cardiovascular system is a closed-loop system. As such, pressure within the
system is a necessary driving force. The arterial system, including the left heart, is
a high-pressure system driven by the contraction of the left ventricle. The venous
system, including the right heart, is a low-pressure system, assisted in venous return
by the contraction of the skeletal muscles during movement. Blood pressure, as it is
typically measured and expressed, relates to the arterial system pressures. Blood
pressure is measured in millimeters of mercury (mmHg) and is expressed in terms
equivalent to the amount of pressure required to raise a column of mercury so many
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Fig. 4.2 The cardiovascular system. (Source: Daniel A. Girdano and George S. Everly, Jr. (1986).
Controlling Stress and Tension: A Holistic Approach, 2nd ed., pp. 36, 39. Reprinted by permission
of Prentice-Hall, Inc., Englewood Cliffs, NJ.)

millimeters. Blood pressure is expressed in terms of the systolic pressure (the pressure
within the arteries during the contraction of the ventricles—called sysfole) and the
diastolic pressure (the pressure within the arteries when the ventricles are filling at
rest—called diastole).
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Essential Hypertension

According to current estimates, 33% of adult Americans suffer from “the silent
killer,” cardiovascular hypertension. Cardiovascular hypertension is usually defined
as arterial pressures over 140 mmHg systolic pressure and/or 80 mmHg diastolic
pressure, although many authorities will adjust these figures upward (especially the
systolic pressure) if the patient is advanced in age.

There are basically two types of cardiovascular hypertension: secondary and
essential. Secondary cardiovascular hypertension represents a status of elevated
blood pressure due to some organic dysfunction, for example, a pheochromocytoma
(tumor of the adrenal gland). Essential hypertension has been loosely interpreted as
being related to stress and such factors as diet. The term “essential” reflects the
once-held notion that with advancing age one always acquired elevated blood pres-
sure. This notion has been refuted (Henry & Stephens, 1977).

In a review of the pathophysiology of hypertension, Eliot (1979) states that in
less than 10% of the cases, organic disorders explain hypertension. However, he
suggests that both the SAM and the anterior pituitary—adrenocortical stress axes are
capable of increasing blood pressure in response to psychosocial factors alone. This
may occur through a wide range of diverse mechanisms (see also Selye, 1976). With
chronic activation, he concludes, the deterioration of the cardiovascular system may
be irreversible.

Henry and Stephens (1977), in a useful review of psychosocial stimulation and
hypertension, present evidence similar to that of Eliot. In their review of animal and
human studies, they point to the ability of the psychophysiological stress mecha-
nisms to effect an increase in blood pressure. They point to the role of medullary
norepinephrine as a vasoconstrictive force capable of increasing blood pressure. In
addition, they point to the notion that increased sympathetic tonus (apparently
regardless of origin) will lead to further increased sympathetic discharge. The end
result may well be the tendency for the carotid sinus and aortic baroreceptors to
“reset” themselves at a higher level of blood pressure. The normal effect of the
baroreceptors is to act to moderate blood pressure elevations. However, if they are
reset at higher levels, they will tolerate greater blood pressure before intervening.
Therefore, resting blood pressure may be allowed to rise slowly over time. Finally,
these authors point to the role of the adrenocortical response in the elevation of
blood pressure, perhaps through some arterial narrowing or sodium-retaining
mechanism. They suggest that psychosocial disturbance can play a major role in
blood pressure elevations that could become chronic in nature (see Steptoe, 1981).

Weiner (1977), however, states that “psychosocial factors do not by themselves
“cause” essential hypertension” (p. 183). They do, however, “interact with other
predispositions” to produce high blood pressure (p. 185). He concludes that the
available data point toward the conclusion that hypertension essentially can be
caused by a wide variety of influences and that psychological and sociological fac-
tors “may play a different etiological, pathogenetic, and sustaining role in its differ-
ent forms” (p. 185).
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Vasospastic Phenomena

Stress-related vasospastic phenomena include migraine headaches and Raynaud’s
disease. These disorders involve vascular spasms; more specifically, their phenom-
enology involves spasms of the arterial vasculature induced by excessive neurologi-
cal tone (usually SNS activity) (see Ganong, 1997).

Migraine headaches may affect as many as 29 million Americans. There are two
basic subtypes: classical migraine and common migraine. Although both are char-
acterized by vasomotor spasms, the classical migraine is accompanied by a pro-
drome. The prodrome often manifests in the form of visual disturbances, hearing
dysfunction, expressive aphasia, and/or GI dysfunction. The most common form of
prodrome is the visual prodrome, for example, the development of an acute visual
scotoma. The prodrome is a symptom of severe arterial vasoconstriction. The pain
that accompanies migraine headaches occurs on the “rebound,” that is, the point at
which the arterial vasculature vasodilates in response to the original vasoconstric-
tion. It is unclear whether the pain actually results from the physical dystension of
the arterial vasculature or from associated biochemical processes (see Raskin, 1985;
Wolff, 1963).

Raynaud’s disease is another vasospastic disorder characterized by episodic pal-
lor and cyanosis of the fingers and/or toes. Upon rebound vasodilation, there can be
extreme pain characterized by sensations of aching and throbbing. Both exposures
to cold and psychosocially induced stress can induce an attack of Raynaud’s (Taub
& Stroebel, 1978) (see Appendices C and D).

Myocardial Ischemia and Coronary Artery Disease

Myocardial ischemia is a condition wherein the heart muscle endures a state of
significantly reduced blood flow. “Myocardial ischemia occurs frequently in patients
with coronary artery disease (CAD) and is a significant predictor of future cardiac
events” (Gullette et al., 1997, p. 1521). Using a case-crossover design, Gullette and
her colleagues demonstrated that mental stress can induce myocardial ischemia.
Electrocardiogram (ECG) data were gathered with specific foci upon the emotions
of negative tension, sadness, and frustration. Results of this investigation indicated
that these negative emotions during daily life can more than double the risk of myo-
cardial ischemia in the subsequent hour. Such ischemic findings were not in evi-
dence subsequent to the states of happiness and feeling in control.

Previous studies have shown a significant correlation between myocardial epi-
sodes and the emotion of anger (Mittleman et al., 1995). Other studies have shown
a significant relationship between the stress associated with mass disasters (Leor,
Poole, & Kloner, 1996) and even missile attacks (Kark, Goldman, & Epstein, 1995),
and subsequent cardiac death. Yet the Gullette et al. (1997) study is important in that
the mechanisms of pathogenesis were observed rather than inferred.
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Finally, the relationship between stress and CAD has been vigorously debated.
In a review of investigations, Niaura and Goldstein (1995) conclude, “Our review
of sociocultural and interpersonal factors ... has identified evidence for a positive
association among the following factors and CAD: occupational factors (e.g., job
strain, low control, few possibilities for growth, low social support, life stress, and
social isolation” (pp. 45-46). An important paper by Manuck, Marsland, Kaplan,
and Williams (1995) that reviewed animal research concluded that psychosocial
variables and social stress are associated with the promotion of coronary atherogen-
esis, impaired vasomotor responses of the coronary arteries, coronary lesions, and
specific injury to arterial endothelium.

While more research is clearly needed, the argument in support of a significant
role for stress in the etiology of CAD appears to be growing.

Respiratory Disorders

Allergy

An allergy is a hypersensitivity that some people develop to a particular agent. The
patient’s body reacts with an exaggerated immune-defensive response when it
encounters the agent (antigen).

One of the most familiar forms of allergy is hay fever. In this condition, the indi-
vidual is sensitive to some forms of plant pollen, and when these are inhaled from the
air, mucous membranes swell, nasal secretion becomes excessive, and nasal obstruc-
tion can occur. Because other particles in the air do not seem to elicit such a response,
this is clearly an overreaction to a stimulus. However, hay fever has been generally
thought to be a phenomenon related only to the body, as opposed to the mind. Yet the
mind-body dualism is once again questioned by the finding that some subject with
hay fever may respond minimally, if at all, when challenged with the allergenic sub-
stance in an environment in which he or she feels secure and comfortable, whereas
in other, more stressful situations, the same challenge is met with the usual nasal
hypersecretion, congestion, and the like (Holmes, Trenting, & Wolff, 1951).

Bronchial Asthma

Although sharing some similarities with allergy, asthma is a more complex and
potentially serious disorder. In asthmatic patients, bronchial secretions increase,
mucosal swelling takes place and, finally, smooth muscle surrounding the bronchi-
oles contracts, leading to a great difficulty in expiring air from the lungs. This
“inability to breath” is, of course, anxiety producing, and this stress itself leads to a
need for more oxygen, thus exacerbating the stress response caused by the original
stimulus no matter what its nature. That bronchial asthmatic attacks can be caused
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by or at least exacerbated by psychosocial stimulation is no longer in question.
Research reviewed by Lachman (1972) warrants such a conclusion, as does the
work of Knapp (1982). Stress-related asthma appears to be related to activation of
the parasympathetic nervous system (Moran, 1995).

Hyperventilation

Hyperventilation may be considered an example of an acute stress response.
However, episodic hyperventilation can become a long-standing problem that goes
undiagnosed for long periods of time in patients presenting vague problems that do
not fit any particular pattern, such as vague aches and pains, nausea, vomiting, chest
pains, and the like. The clinician must be on guard for this particular manifestation
of the stress response, in order to protect the individual from unnecessary suffering
and expense while searching for the cause. This, again, is a part of the fight-or-flight
response in which the body is readied for action by increasing O, and decreasing
CO,; however, no action takes place. It has been suggested that any time a patient
presents such vague problems that seem elusive, the clinician should maintain a
high degree of suspicion regarding hyperventilation. Consideration may then be
given to asking the patient to hyperventilate in the office. If the symptoms are repro-
duced, much time and effort of both physician and patient may be saved. For meth-
ods and cautions, refer to articles by Campernolle, Kees, and Leen (1979) and Lum
(1975); see also Knapp (1982).

Musculoskeletal Disorders

This system comprises, as its name implies, all the body’s muscles and bony sup-
port. It is thus the system that is responsible for the body’s mobility and therefore
plays one of the more obvious roles in a fight-or-flight type of response. At such a
time, the muscles tense, blood flow is increased to them, and the very word “ten-
sion” associated with emotions such as anger or anxiety relates to this state of the
musculoskeletal system (Tomita, 1975).

The stress-related disorders here are quite predictable. Low back pain may often
be produced in a situation in which there is contraction of the back muscles as if to
keep the body erect for fleeing a situation. If the contraction continues but there is
no associated action (and therefore the stress situation remains), blood flow to the
muscles decreases, metabolites increase, and pain is produced (Dorpat & Holmes,
1955; Holmes & Wolff, 1952).

Tension headache is a similar situation. The muscles of the head and neck are
kept in prolonged contraction, resulting in pain by the same mechanism. This is to
be differentiated from the pain of vascular headaches, which seems to begin in peri-
ods following tension.
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There have even been some studies that indicate a possible role for stress in the
development or influence of the course of the inflammatory joint disease, rheuma-
toid arthritis (Amkraut & Solomon, 1974; Heisel, 1972; Selye, 1956).

Skin Disorders

The skin is thought to be a common target end organ for excessive arousal (Musaph,
1977). Common stress-related disorders include eczema, acne, urticaria, psoriasis,
and alopecia areata (patchy hair loss) (Engels, 1985; Lachman, 1972). According to
Medansky (1971), 80% of dermatological patients have a psychological overlay.
Supporting such a conclusion is empirical evidence that various neurodermatologi-
cal syndromes have either been initiated or exacerbated through the controlled
manipulation of psychosocial variables (Engels, Lachman). The specific mecha-
nisms of pathogenesis have yet to be satisfactorily detailed in most instances, how-
ever. Folks and Kinney (1995) provide a useful review of the role of psychological
factors and various dermatological conditions.

Immune System

Perhaps the most intriguing and complex somatic target organ in the human body is
the immune system. The implications for health and disease are literally profound.
Imagine if psychological process can affect the immune system then virtually every
cell in the human body can be a target of excessive stress and both noncommuni-
cable and even communicable diseases then have the potential to be “stress-related”
diseases. Let us explore the fascinating target organ in greater depth.

The immune system basically serves to protect the body from invading toxins
and microorganisms that may damage organs and tissues. Some of the protective
functions of the immune system are to eliminate bacteria and to reject foreign sub-
stances, known as antigens, that have entered the body. In addition, the immune
system possesses a “memory” for encounters with foreign substances, such that a
subsequent encounter induces a more rapid and potent response (Borysenko, 1987;
Guyton & Hall, 2006). The immune system is often conceptually divided into innate
or nonspecific immunity, which provides a general defense, and specific or acquired
immunity, which acts against particular threatening antigens.

Innate Immunity

As the term implies, innate immunity refers to processes that are apparent from birth
and provide a general or nonspecific defense by acting against anything identified
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as foreign or not self (Thibodeau & Patton, 1993). There are many variations of
innate immunity. For example, species-resistant, innate immunity makes the human
body unsuitable to some potentially lethal animal diseases such as distemper.
Conversely, dogs and cats are resistant to human diseases such as mumps or mea-
sles. Other nonspecific types of immunity include physical barriers, such as the
skin’s outer keratin layer, which limits entry into the body, and biochemical sub-
stances, such as tears, saliva, and perspiration, which contain enzymes that digest or
weaken the walls surrounding bacterial cells (Parslow, 1994). These anatomical and
chemical barriers serve as the body’s first line of defense against invading toxins
(Abbas & Lichtman, 2011; Guyton & Hall, 2006; Thibodeau & Patton, 1993).

If bacteria or other microorganisms penetrate this first line of defense, the body
has a second, nonspecific or general line of innate protection that incorporates
phagocytosis, natural killer (NK) cells, interferon, and inflammation. Phagocytosis,
which involves the destruction and absorption of microorganisms, utilizes cells
known as phagocytes to eliminate pathogens (any organism causing disease). Nearly
all tissues and organs possess inhabitant phagocytes. There are a variety of phago-
cytic cells, including (1) neutrophils, the most numerous type, accounting for one-
half to two-thirds of circulating white blood cells (which are primarily involved in
destroying pathogens); (2) monocytes, which are relatively large cells produced in
the bone marrow and released into the blood for about 1 day before settling in a
selective tissue; and (3) macrophages, the settled or mature monocytic cells, which
are large, avid eliminators of foreign particles and debris (Abbas & Lichtman, 2011;
Guyton & Hall, 2006).

In addition to phagocytes, the body possesses natural killer (NK) cells, which are
lymphocytes (one type of white blood cell) that kill various tumor cells and cells
infected by viruses. One of the common ways NK cells function is by breaking
down or lysing cells by damaging their plasma membrane. NK cells are currently
considered to be an initial or frontline protective response that is utilized before a
more specific response can be exhibited (Imboden, 1994). Therefore, although
probably related to cytotoxic T lymphocytes (see acquired immunity below), NK
cells serve a broad surveillance-like function that, unlike T cells, do not require
prior antigen interaction (McDaniel, 1992). Therefore, NK cells are often included
as part of the nonspecific immune functions.

About 40 years ago, it was discovered that some cells exposed to viruses produce
a secretory protein known as interferon, which, as the name implies, “interferes” with
the ability of viruses to produce diseases. Basically, interferon works by producing an
antiviral state within the host that prevents viruses from replicating in cells. Interferon
has also been associated with the modulation of immune responses.

Inflammation, or the inflammatory response, is also considered part of the
body’s second line of defense and characterizes the complex manner in which tis-
sues and cells react to an insult or microbial invasion. Immediately after an injury,
there is a brief constriction, followed by dilation, of blood vessels. Injured tissues
then release a number of chemical mediators, such as histamine, kinins, and pros-
taglandins (Abbas & Lichtman, 2011; Thibodeau & Patton, 1993). The factors
involved in the inflammatory response characteristically results in redness, warmth,
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swelling, and pain. Although the inflammatory response is considered beneficial, it
can be detrimental if it permanently injures the host tissues and/or impedes normal
functioning.

Acquired Immunity

Contrary to nonspecific immunity described earlier, acquired or specific immune
mechanisms attack certain agents that the body recognizes as not self. Therefore,
specific immunity may be considered the body’s third line of defense (Thibodeau &
Patton, 1993). Acquired immunity develops in late fetal and neonatal life and is part
of the body’s lymphatic system. The lymphatic system, a part of the circulatory
system, consists of a vast network of vessels and organs that drains excess fluid and
provides a defense for the body (Moore, 1992). Lymphocytes, which circulate in the
body’s fluids, are the major cells controlling the immune response. They are found
most extensively in the lymph nodes, which are glands composed of composites of
lymphoid tissues, but are also located in special lymphoid tissues such as the spleen,
bone marrow, and gastrointestinal tract (Moore). Lymphoid tissue is strategically
disseminated throughout the body and allows for rapid interception and filtering of
invading organisms and toxins. Two major types of lymphocytes involved in
acquired immunity are T (thymus-derived) cells that form activated lymphocytes
and are primarily involved in the slower acting cell-mediated immunity, and B
(bone-marrow derived) cells that form circulating antibodies and are primarily
involved in the more rapidly responding humoral immunity. Although these two
types of lymphocytes are structurally similar, T and B cells are functionally distinct
in their reaction to antigens (Abbas & Lichtman, 2011).

Cell-Mediated Processes

In cell-mediated immunity, each T lymphocyte, or T cell, operates by having a pre-
cisely distinctive surface receptor that allows it to recognize and bind to only one
invading antigen. Thus, a T cell may have numerous receptor sites; however, all of
them will be specific for only a certain antigen. T cells, which account for 70-80%
of disseminated lymphocytes, circulate in the blood in an inactive form and are
incapable of recognizing antigens without assistance. Therefore, when an antigen
invades the body, it is typically first identified and then ingested by macrophages,
which initiate the process of digestion. The T cells, whose surface receptors match
the antigens, then travel to the now inflamed tissues and bind to the antigen.

Once in contact with the antigen, the sensitized T cell begins to divide repeatedly
to form a clone of identical, activated T cells (Abbas & Lichtman, 2011; Guyton &
Hall, 2006; Thibodeau & Patton, 1993). The antigen-bound, sensitized T cells then
release lymphocyte-derived chemical messengers, commonly called cytokines, into
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the inflamed tissue to facilitate the immune response (Dunn, 1989). Several variations
of T lymphocytes, or T cells, include, for example, helper cells (T-4). The T-helper
cell, once activated by the cytokine interleukin-1 (IL-1), releases interleukin-2
(IL-2), which fosters the maturation and marshals the subsequent immune response,
including the promotion and multiplication of cytotoxic cells used to combat the
invading antigen. There are also suppressor cells (T-8), which inhibit the immune
response in order to regulate it, memory T cells, which initiate a rapid response if
the antigen is encountered again, and cytotoxic or killer cells, which release a
powerfully destructive cytokine called lymphotoxin (Borysenko, 1987).

A distinguishing characteristic of cell-mediated immunity is that specifically
sensitized or activated lymphocytes are employed to pursue and contact the invad-
ing antigen. Typically, these antigen cells are foreign to the body, malignant, or have
been transplanted into the tissue. Therefore, cell-mediated immunity, which requires
a localized response that may require several days to detect the invader and to
employ the necessary cells to battle it, not only defends us from viruses and cancer
but also is directly involved in the rejection of organ and tissue transplants.

Humoral Responses

Comparable to T lymphocytes, B lymphocytes, or B cells, are also initiated by
macrophage stimulation. In humoral immunity, an encounter with an antigen acti-
vates the B lymphocytes, which, after being released from the bone marrow, circu-
late to the lymph nodes, spleen, and other lymphoid tissues. Whereas cytotoxic
T cells, as described earlier, exit lymphoid tissue to encounter an antigen directly,
B cells produce their effects indirectly (McDaniel, 1992). When an antigen binds to
antigen receptors on the B cell, the activated B cell divides to form a clone or group
of identical B cells. Some of the offspring of these B cells become differentiated to
form plasma cells known as antibodies that circulate in the lymph and the blood,
and combine selectively with the triggering antigen (Abbas & Lichtman, 2011;
Guyton & Hall, 2006). Thus, antibodies are produced within a species to fit part of
the antigen (Abbas & Lichtman; Guyton & Hall; Kendall, 1998). The binding of the
antigen to the antibodies forms a complex that may (1) render the toxic antigens
innocuous, (2) facilitate a bundling of antigens that allows phagocytes and macrophages
to dispose of them rapidly, or (3) slightly alter the contour of the antibody, allowing
the destruction of the foreign cells.

Antibodies belong to a group of proteins called globulins and are, therefore, referred
to as immunoglobulins. The five different classes of antibodies or immunoglobulins
known to exist in humans are designated as IgG, IgA, IgM, IgD, and IgE. Each immu-
noglobulin has a unique structure and function, and as mentioned earlier, generally
defends the host by neutralizing toxins, blocking attachment of viruses to cells, or
inducing phagocytosis of bacteria or other microorganisms. IgG is the most common
immunoglobulin, accounting for around 70% of the circulating antibodies (Goldsby,
Kindt, & Osborne, 2000). Therefore, immunoglobulins “not only serve as surface
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receptors for foreign substances but also can be released to search out and bind their
targets at a considerable distance from the cell” (Parslow, 1994, p. 26).

Activated B cells that do not differentiate into plasma cells are known as memory
B cells. Memory B cells do not produce or secrete antibodies. However, if they are
exposed at some later time to the antigen responsible for their initial formation, then
memory B cells convert into plasma cells that secrete antibodies (Guyton & Hall,
2006). Because there are many more memory cells than the initial B lymphocyte
that was cloned, subsequent exposure to the same antigen will produce a more rapid
and formidable antibody response (Abbas & Lichtman, 2011; Guyton & Hall).

Different antigens stimulate distinct B cells to develop into plasma cells and
memory B cells. Most antigens activate both T and B lymphocytes concurrently,
and there is in fact a cooperative relationship between the two (Guyton & Hall,
2006). The primary difference between the T and B cells is that B cells release
antibodies, whereas whole T cells are activated and released into the lymph.
Therefore, these latter cells may last for months to years in the body fluid (Abbas
& Lichtman, 2011; Guyton & Hall).

Also of note, the effects of circulating antibodies and cellular immunity are
influenced by a component of blood plasma enzymes known as the complement
system, which entails different protein compounds. This system can be initiated by
specific or nonspecific immune mechanisms and is closely involved in destroying
various foreign tissues in a process known as cytolysis.

Because there is no easy access to the organs containing immune cells, and given
that components of the immune system circulate in blood, it is not surprising that
psychoneuroimmunological research often involves assessing the immune processes
occurring in circulating peripheral blood. However, although peripheral blood is a
key factor in immune responses and relatively easy to access (Herbert & Cohen,
1993), some researchers have questioned whether quantifying the typically variable
and minute changes in the number or percentages of various white blood cells (neu-
trophils, monocytes, and lymphocytes) allows for a consistently reliable and com-
pletely valid detection of altered immune functioning (Cohen & Herbert, 1996).

Immune functioning has also been assessed by stimulating lymphocytes through
incubation with mitogens, which produce nonspecific divergence of T or B cells. In
this type of research, greater propagation of cells is usually equated with more effec-
tiveness. Phytohemagglutinin (PHA), pokeweed mitogen (PWM), and concanavalin
A (ConA) are the most commonly investigated mitogens. The procedures just
described utilize what are known as in vitro tests, in which cells are removed from
an organism and their function is then studied in a lab. There are also in vivo tests
that study cellular function in living organisms. The quantification of antibodies to
herpes viruses is an in vivo test frequently used in psychoneuroimmunology research.
Basically, herpes viruses are common viruses that we have all been exposed to at
some time in our lives. What makes them unique, however, is that after exposure,
they usually remain present yet inactive in the body. When the immune system is
threatened or challenged, this inactive virus may begin to replicate. Therefore,
assessing and quantifying the level of antibodies to the herpes viruses provides evi-
dence of immune function. More specifically, greater levels of herpes virus antibodies
indicate suppressed cellular immune function (Herbert & Cohen, 1993).



Immune System 83
Stress and Immune Functioning: Animal Studies

There has been an evolution from animal and human research investigating the link
between biogenic and psychosocial stressors, immune functioning, and disease pro-
cesses. The effects of humoral and cell-mediated immunity, as well as tumor growth
and survival, have been used as outcome variables (Bohus & Koolhaas, 1991). In the
animal literature, myriad stressors have been used to investigate the impact on immu-
nological functioning. For example, Hans Selye’s original description of the GAS
was in response to exposing laboratory rats to diverse, nocuous agents, such as cold
temperatures, severed spinal cords, excessive exercise, or drug injections. Following
exposure to these stimuli, Selye (1936) documented decreased circulating lympho-
cytes; rapid decreased size of the thymus, spleen, lymph glands, and liver; formation
of erosions in the stomach; and loss of muscle tone. He further noted that the animals
often developed “resistance” with continued exposure to the stressors that mimicked
normal functioning; however, with additional exposure of 1-3 months, the animals
became “exhausted” and developed the symptoms described earlier.

The impact of environmental stressors on infectious disease processes has been
reviewed extensively in the literature (Glaser & Kiecolt-Glaser, 2005; Segerstrom &
Miller, 2004). Laboratory animals have been exposed to electric foot shocks, cold
temperatures, loud noises, restraints, crowding, handling, and isolation. For exam-
ple, restraint models that place rats or mice in narrow tubes or use adhesive sub-
stances placed on boards to maintain immobilization often prohibit their movement.
These types of studies have often resulted in cellular and humoral suppression, as
well as impaired NK-cell activity (Koolhaas & Bohus, 1995; Steplewski & Vogel,
1986). Studies examining the effects of handling, picking up, and holding labora-
tory animals for various lengths of time have shown a decrease in IgG antibody
production and decreased T-cell function (Moynihan et al., 1994). However, addi-
tional data have shown that adding another stressor, such as an intraperitoneal injec-
tion, resulted in attenuated corticosterone and catecholamine responses in previously
handled mice compared to unhandled mice. Thus, Moynihan and colleagues sug-
gested that the psychosocial stressor of handling may result in habituation to the
effects of the stress response.

The general immune responses of decreased IgG-antibody production, NK-cell
activity, and lymphocyte generation have been fairly well established in response to
electric shocks (Cunnick, Lysle, Armfield, & Rabin, 1988; Laudenslager et al.,
1988). Other researchers have expanded these findings to include an investigation
of psychosocial stressors such as decreased predictability and control. Despite
equivocal data, evidence suggests that laboratory rats provided an opportunity to
perform a response to avoid or eliminate electric shock developed less severe gas-
tric ulceration and less rapid tumor growth formation than those exposed to the
same amount of electric shocks without controllability (Sklar & Anisman, 1979;
Weiss, 1968). Foot shock as a physical stressor causes release of pheromones that
are an important aspect of rodent communication. Moynihan and colleagues (1994)
reported on the results of an investigation in which pheromones produced by foot-
shocked mice changed immune functioning in those mice receiving the odor.
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Interestingly, they reported suppression in cell-mediated responses and enhanced
humoral responses in the odor-exposed mice. Other data have suggested that learn-
ing and memory circuits may be conditioned at the CNS level following acute expo-
sure to electric shock, and that these conditioned responses may have both
immunosuppressive and immunoenhancement effects (Koolhaas & Bohus, 1995).
Psychosocial stressors induced by crowding and isolation have also been widely
studied for their modulating effects on immunity. The results of numerous studies of
high-density crowding have generally demonstrated increased disease susceptibility
and decreased survival. In one of the original studies of this phenomenon, Vessey
(1964) reported that placing typically isolated male mice in a group setting for 4 h a
day resulted in lower antibody responses to a mitogen. Of particular interest, the
dominant male mouse in the group had the highest antibody production. Other stud-
ies have shown that physically dominant or aggressive male rats in a social colony
have higher antibody generation, whereas submissive or defeated rats and mice have
demonstrated increased immunosuppression (Bohus & Koolhaas, 1991; Koolhaas
& Bohus, 1989). Fleshner, Laudenslager, Simons, and Maier (1989) have also shown
that engaging in submissive behaviors, as compared to continuing to react aggres-
sively and receiving multiple bites, correlated with reduced antibody formation to
an injected antigen. These data suggest that animals may evidence individual differ-
ences in coping styles to given stressors. The active coping style has been associated
with high SNS reactivity, whereas passive coping has been considered to be affiliated
with increased reactivity of the pituitary—adrenocortical axis. As noted by Koolhaas
and Bohus (1995), “This interaction between environment and individual is...
crucial to understanding the relationship between stress and immunity” (p. 78).

Stress and Immune Function: Human Studies

While the bulk of early empirical data on the effects of “psychological factors” on
the immune system was derived from animal studies, in the past 35 years there has
been a proliferation of studies conducted with human participants. Since human
research is more focused on whether psychological factors or mood states alter
immunity and health outcomes, we will briefly review some of the more salient
findings that have recently occurred. This in no way is meant to minimize the rele-
vance or impact of animal research, but for sake of space, and consistent with the
purpose of this text, we will focus briefly on human studies.

In preface, we should note that investigators need to consider the subtle, selec-
tive, multifaceted nature of the precipitants (e.g., age, gender, emotional status, and
genetic factors) and physical consequences of stress, in addition to the complex and
often lengthy duration of immune responses before generating broadly conclusive
causal statements about how stress directly alters immune function (Zeller, McCain,
McCann, Swanson, & Colletti, 1996; see Maier et al., 1994, for a detailed discus-
sion on this topic). As the eminent Paul Rosch (1995) noted, “These and other
caveats must be considered when evaluating sweeping statements and conclusions
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about the effect of “stress” on “immune function” or therapeutic triumphs based on
psychoneuroimmunological approaches” (p. 214).

These precautionary notes are not intended to diminish the outstanding advance-
ments and notable influence of stress-induced immunomodulation research or the
unequivocal impact that emotions such as stress have on immunity. Instead, they are
intended to inform the reader that exploring, uncovering, and externally validating
generally accepted tenets between psychological variables such as stress and immu-
nity involve a complex process that continues to evolve. For example, it is worth
considering that many of the proposed relations between psychosocial stressors
(e.g., loss of a spouse) and disease (e.g., depression) that are often credited to
immune changes may be strongly affected by behavioral health changes such as
alcohol or drug consumption, noncompliance with medications, decreased sleep,
and poorer diets that occur following the stressor (Cohen & Herbert, 1996). That
having been said, let us briefly review the putative impact of selected “psychological
factors” upon the immune system.

Bereavement

The preponderance of early evidence relating psychological components of human
health and disease has been anecdotal, and, of course, ethical considerations have
usually precluded the type of controlled experimental research conducted on ani-
mals. Correlational designs have primarily been used to examine the impact of stres-
sors such as negative life events on illness and immune function. For example,
bereavement studies have consistently demonstrated differences between unmarried
and married individuals in terms of physical health. Immune functioning in the form
of lymphocyte production was shown to be decreased in several prospective studies
of bereaved and nonbereaved men and women who had lost a spouse due to illnesses
such as breast and lung cancer (Bartrop, Luckhurst, Lazarus, Kiloh, & Penny, 1977;
Irwin, Daniels, Smith, Bloom, & Weiner, 1987; Schleifer, Keller, Camerino, Thornton,
& Stein, 1983). In a separate but related study, Linn, Linn, and Jensen, (1984) sug-
gested that reduction in lymphocytes was more influenced by level of depression
than by bereavement. A meta-analysis demonstrated that clinically depressed indi-
viduals have a poorer response to mitogens PHA, ConA, and PWM, and lowered
NK- and helper T-cell activity (Herbert & Cohen, 1993). Irwin, Lacher, and Caldwell
(1992) have provided longitudinal data suggesting that with successful treatment of
depression, decreased NK activity is abrogated. However, the data on immune cor-
relates of depression are not universally supportive (Ravindran, Griffiths, Merali, &
Anisman, 1995), and discrepant findings have led researchers to suggest that com-
promised immune functioning may be more evident in elderly, severely depressed,
and hospitalized patients (Houldin, Lev, Prystowsky, Redei, & Lowery, 1991). In a
10-year follow-up of the long-term impact of bereavement on spousal health in a
sample of 152 participants, Jones, Bartrop, Forcier, and Penny (2010) reported
an overall increase in morbidity of 10-20% compared with a control sample. The
information in this chapter is limited to bereavement and immune function. For a
comprehensive overview of grief, loss, and stress, see Chap. 20.
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Depression

Major depressive disorder (MDD) has been associated with various changes in levels
of the neurotransmitters serotonin, norepinephrine, and dopamine, There has been
growing theoretical and empirical evidence to suggest, however, that the
inflammatory response of the immune system (which is thought to affect neuroen-
docrine and central nervous system neurotransmitter processes synergistically),
more specifically the release of cytokines (substances secreted by specific cells of
the immune system that serve to foster communication or cross-talk between the
CNS and immune system) might be associated with how neurochemical changes
induced by stressors may contribute to MDD (Anisman, 2009). It is thought that the
current or past stressful experiences may impact the neurochemical actions of the
inflammatory immune system and lead to a MDD diathesis. Human studies, both
correlational and case control, have shown an association between elevated levels
of circulating proinflammatory cytokines (which indicate a disruption of cell repli-
cation and function and are associated with earlier onset and faster progression of
disease) and MDD. In addition, several studies have demonstrated how the use of
immunotherapy, such as interferon-a to treat certain types of cancer and hepatitis C
may result in depressive symptoms (Bonaccorso et al., 2002; Capuron, Ravaud, &
Dantzer, 2000; Capuron et al., 2002; Maes & Bonaccorso, 2004; Scalori et al.,
2005). Interferon-a also alters levels of serotonin (5-HT), which is involved in
depression, but as Anisman (2009) notes, interferon-a. is also associated with other
nonspecific symptoms not related to depression.

Schizophrenia

With regard to another major psychiatric disorder, researchers have also long noted
the heterogenous pathophysiology of schizophrenia. Although not conclusive, studies
examining immunoglobulin (IgG) (the most common of the antibodies produced by
the body to fight bacterial and viral infections) in cerebrospinal fluid (CSF) in some
patients have shown raised levels that may be due to impaired permeability of the
blood-brain barrier (Muller & Ackenheil, 1995). Other studies in a subgroup of
schizophrenic patients have revealed additional immunological abnormalities such as
increased occurrence of autoimmune diseases and decreased lymphocyte (IL-2) pro-
duction, a cytokine released by T-helper cells to combat an invading antigen, among
other immune changes. Muller and Ackenheil have proposed that schizophrenic
patients should be classified as those with and without immune alterations. Moreover,
preliminary epidemiological evidence utilizing maternal recall has demonstrated an
association between second-trimester gestational influenza infections, obstetrical
complications (e.g., anemia, emergency cesarean section, breech presentation), and
low birth weights in newborns who later developed schizophrenia (Wright, Takei,
Rifkin, & Murray, 1995). A meta-analysis of 62 in vivo and in vitro studies with a
total sample size of 2,298 schizophrenic and 1,858 healthy participants showed
significant increases in certain cytokines in vivo (circulating cytokine levels with
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plasma samples) (IL-1RA, sIL-2R, and IL-6), and a decrease in vitro (secretion by
peripheral white blood cells (leukocytes) stimulated or not by mitogens (potent stim-
ulators of T cell activation), which collectively provides evidence of an ongoing
inflammatory process (Potvin et al., 2008).

Personal Relationships

Studies examining the link between personal relationships (e.g., marital conflict,
divorce, and separation) and immune function have provided some notable findings.
In a study of 32 women, the 16 women who had been separated 1 year or less
showed poorer immune function on immunological blood assays compared to
matched controls (Kiecolt-Glaser et al., 1987). In a recent study of 1,211 sexual
minority male patients in a community-based health center in Massachusetts
12 months after the legalization of same-sex marriage, participants had decreased
medical and mental health care visits and mental health care costs compared to the
12 months before the law change (Hatzenbuehler et al., 2011). Of note, these results
were similar for partnered as well as nonpartnered men.

In a study of 64 men, Kiecolt-Glaser and associates (1988) found that the 32 men
who had been separated or divorced reported feeling more lonely and described
more recent illnesses. Evidence suggests, however, that participants who initiate the
separation and those who have less preoccupation with their ex-spouse may experi-
ence less distress and have better immune functioning (Keicolt-Glaser et al; Weiss,
1975). In a study of 42 married couples, Kiecolt-Glaser and colleagues (2005) found
that those who evinced hostile behavioral exchanges or interactions during a moni-
tored conflict resolution task in a laboratory setting showed poorer wound healing
and higher levels of circulating proinflammatory cytokines levels (including inter-
leukin-6 (IL-6) 24 h after a baseline observation, when compared to low-hostile
couples.

In general, however, there has been data to suggest that there may be some
benefits of emotional disclosure, particularly if expressing negative emotions about
stressful experiences occurs in writing (Pennebaker & Beall, 1986; Pennebaker,
Kiecolt-Glaser, & Glaser, 1988; Petrie, Fontanilla, Thomas, Booth, & Pennebaker,
2004). There is some suggestion that the benefits may be induced by alterations in
cognitive processing, or how participants think about and then express their nega-
tive emotions. A method used to assess cognitive processing is the amount of words
used related to expressions of insight (e.g., realize, see, understand) and causation
(e.g., because, infer, thus), and the use of these words has been shown to predict
greater total circulating lymphocyte counts over 3 days of writing in a sample of 65
first-year medical students (Pennebaker, Mayne, & Francis, 1997; Pennebaker,
Mehl, & Niederhoffer, 2003; Petrie, Booth, & Pennebaker, 1998)

Graham and colleagues (2009) in a study of 42 married couples involved first
in a “nonconflictive” and then in a “conflictive” discussion task, showed that indi-
viduals who engaged in the greater use of cognitive processing [words indicative
of causal reasoning (e.g., because), insight (e.g., understand), and thinking (e.g.,
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ought)], showed less increases in cytokine production over 24 h when in the
conflictive task. This attenuation, even when cognitive processing words were used,
did not occur in the nonconflicted discussion task.

Academic Stress

Keicolt-Glaser and her colleagues have also been responsible for some of the most
methodologically sound, large-scale human stress studies investigating the immu-
nological effects of the predictable acute stressor of academic examinations on
medical students (Kiecolt-Glaser et al., 1984). These data have shown a decay in
NK-cell activity when compared to baseline blood samples obtained 1 month prior
to the exams. Additionally, in main effects noted for stressful life events in self-
report inventories of the Holmes—Rahe Social Readjustment Scale and the UCLA
Loneliness Scale, high scorers had lower NK activity than low scorers. The use of
protein markers ruled out the possibility that the differences in NK-cell response
were due to nutritional deficiencies. Also of note, there was no difference in received
grades between students who did and did not participate. Other data (Glaser et al.,
1992) have suggested that academic stress could negatively impact the ability of
hepatitis vaccines to evoke antibody responses in a sample of medical students.
Kang, Coe, and McCarthy (1996) recently expanded this line of research when they
investigated whether differences in immune responses between healthy and asth-
matic adolescents in response to academic examinations. Results revealed altera-
tions in immune functioning, for example, decreased NK-cytolytic activity in both
groups, without concurrent changes in lung function for the well-managing
asthmatics.

Chronic Stress

Researchers have also investigated the effects of chronic stressors on immune
functioning, and Glaser and Kiecolt-Glaser (2005) note, “chronic stressors might
accelerate the risk of developing many age-related diseases by “premature ageing”
of the immune response” (p. 249). Specifically, the health of family members who
provide long-term care of loved ones with Alzheimer’s disease, often considered a
form of living bereavement, has been examined over time. Results suggest that
caregiving may produce more depression in family members (Crook & Miller,
1985; Kiecolt-Glaser et al., 2003), in addition to impaired immune responses com-
pared to a matched-control sample when exposed to ConA, PHA, and latent
Epstein—Barr virus (Kiecolt-Glaser, Dura, Speicher, Trask, & Glaser, 1991).
Moreover, caregivers experienced significantly more days ill from upper respiratory
tract infections, and the poorest immune functioning was observed in caregivers who
had institutionalized their spouse within the previous year after caring for them for an
average of 5 years. Esterling, Kiecolt-Glaser, Bodnar, and Glaser (1994) expanded
these findings by including a group of former Alzheimer’s disease caregivers
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(those whose spouse had died at least 2 years earlier) along with current caregivers
and a control group. Results revealed no difference in symptoms of depression or
perceived distress between the continuing and former caregivers, and both groups
were significantly more depressed than the control group. Similarly, the continuing
and former caregivers did not differ in the functional responsiveness of NK-cell
cytotoxicity to cytokine incubation, and both groups had a significantly poorer
immune response than controls. A study has manipulated NK-cell composition at a
cellular level to investigate the mechanisms of immune effects on caregivers
(Esterling, Kiecolt-Glaser, & Glaser, 1996). Considering how the population is
aging, this area of research will be increasingly valuable in the future.

Psychological Factors and HIV/AIDS

First recognized in the early 1980s, human immunodeficiency virus (HIV) is the
virus that causes acquired immune deficiency syndrome (AIDS). The virus weakens
an infected person’s ability to fight infections and cancer, and AIDS is the final stage
of HIV infection. The myriad implications associated with the course of HIV and
AIDS) have provided a prototypical illness to study from a psychoneuroimmuno-
logical perspective (McCain & Zeller, 1996). For example, Kemeny and her col-
leagues (1995), who reported that HIV-positive men who recently lost an intimate
partner to AIDS evidence decreased immune functioning, have also suggested that
grief and depression may have different immunological correlates in HIV.

The hallmark of AIDS is a quantitative pattern of depletion of a subset of
T-lymphocyte cells, the T-helper or CD4 cells (CD =cluster designation) to a level
below 200 (a healthy person’s CD4 count can vary from 500 to more than 100)
(McCain & Zeller, 1996; US Department of Health and Human Services, 2009).
This is the result of HIV disease leading to CD4 cells becoming continually infected,
destroyed, and regenerated, and the decline in CD4 cell number is the result of the
proportional rate of cell destruction exceeding cell regeneration (Ho et al., 1995;
Wei et al., 1995). As the aggregate of CD4 cells continues to decline, the signaling
required for normal cellular and humoral responsivity is negatively impacted, lead-
ing to the development of opportunistic infections and various diseases that are
pathognomonic of AIDS (Kemeny, 1994). The steady immunological decline noted
in the beginning stages of HIV-seropositive individuals suggests that early psycho-
social interventions may be particularly beneficial in helping patients to enhance
their functioning (Antoni et al., 1990).

Estimates are that rates of depression may range from 21% to as high as 42% in
HIV+ patients (Gaynes, Pence, Eron, & Miller, 2008; Horberg et al., 2008).
Intervention studies of individuals with HIV have often involved exercise training
and cognitive-behavioral approaches such as guided imagery and active neuromus-
cular relaxation (see Chaps. 10, 12, 15, and Appendix B for detailed discussions of
these topics). Compared to a group of HIV-seropositive men who improved their
aerobic capacity by riding a stationary bicycle for 45 min, three times per week, HI'V-
seropositive men who did not exercise demonstrated significant increases in anxiety


http://dx.doi.org/10.1007/978-1-4614-5538-7_10
http://dx.doi.org/10.1007/978-1-4614-5538-7_12
http://dx.doi.org/10.1007/978-1-4614-5538-7_13

90 4 Stress-Related Disease: A Review

and depression, and decreases in immune functioning (LaPerriere et al., 1990, 1991).
In a randomized control study of 60 HIV-infected adults, those who participated in a
12-week supervised aerobic exercise training program for 3 h per week, consisting of
treadmill use, stationary biking, and walking, showed improvements in depressive
mood and depressive symptoms compared to the control group (Neidig, Smith, &
Brashers, 2003). In a randomized control trial testing whether the effectiveness of
three different 10-week stress management approaches (i.e., cognitive-behavioral
relaxation training, focused tai chi training, and spiritual growth groups) would
improve and then sustain improvements 6 months later in areas of psychosocial func-
tioning, quality of life, and physical health in a sample of 252 individuals with HIV
infection, McCain and her colleagues (2008) reported that, in comparison to the
control group, both the cognitive-behavioral relaxation training and tai chi training
groups showed an enhancement in coping strategies (less emotion focused) and all
three intervention groups had higher lymphocyte proliferation function. Guided
imagery as a therapeutic intervention gained notoriety in the area of psychoneuroim-
munology when researchers claimed that cancer patients who used the technique to
most likely envision their body attacking and destroying invading infections were
able almost to double their mean survival time (Hall & O’Grady, 1991; Hall,
Anderson, & O’Grady, 1994; Holland & Tross, 1987; Simonton, Matthews-Simonton,
& Sparks, 1980). Eller (1996) reported that 6 weeks of training in guided imagery
and progressive relaxation training (PRT) were associated with less depression and
fatigue and increased CD4 cells in a group of individuals with HIV.

Humor

Norman Cousins, the noted essayist and editor of the Saturday Review, addressed
the potential therapeutic impact of humor on the immune system when he described
in detail his use of laughter during his treatment for ankylosing spondylitis, a very
uncomfortable inflammation of the vertebrae. Cousins dedicated more than a decade
to amassing empirical evidence for his postulate that “laughter is the best medicine,”
and established the Humor Research Task Force (Wooten, 1996). Controlled studies
have shown that laughter lowers cortisol levels and increases lymphocytes, NK
cells, and concentration of salivary IgA (Berk, 1989a, b; Dillon & Baker, 1985;
McClelland & Cheriff, 1997). Therefore, through the use of what may be considered
cathartic liberation, humor and laughter seem to serve a protective immune function.
Some hospitals have recognized the positive emotions engendered by humor and
have introduced “Laugh Mobiles” that sell humorous novelties (Erdman, 1993).

Traumas
Investigators have also focused on acute and chronic immune system alterations

following natural and man-made traumas, as well as technological disasters. One
of the first instances of this type of exploration occurred following the nuclear
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accident at Three Mile Island (Hatch, Wallenstein, Beyea, Nieves, & Susser, 1991).
Compared to control participants, residents near the event had greater numbers of
neutrophils (a type of white blood cell that is the first to arrive at an infection site),
and fewer B, T, and NK cells (types of lymphocytes or small white blood cells that
realize antibodies as part of the immune response) 6 years later, suggesting chronic
immune changes. In the Canadian Community Health Survey Cycle (n=36,984),
participants with a diagnosis of PTSD had significantly higher rates of cancer,
chronic pain, cardiovascular diseases, gastrointestinal illnesses, and respiratory
diseases, and after adjusting for the effects of other mental disorders and medical
morbidity, PTSD was also associated with suicide attempts, poor quality of life,
and disability (Sareen et al., 2007). In a longitudinal study of 896 participants fol-
lowing a fireworks depot explosion in a residential area in the Netherlands that
killed 23 people and injured about 1,000 others, Dirkzwager, van der Velden,
Grievink, and Yzermans (2007) reported that after adjusting for smoking, demo-
graphics, and previous health problems, a diagnosis of PTSD was associated with
increased vascular (e.g., peripheral vascular disease, artherosclerosis, varicose
veins, and edema), musculoskeletal, and dermatological difficulties. In comparison
of 14 patients with PTSD, who were otherwise healthy, and 14 matched controls
(age and gender) without PTSD, von Kanel and colleagues (2006) reported that
more severe PTSD, as assessed by the German version of the Clinician-Administered
PTSD Scale (CAPS) was associated with higher levels of plasma clotting factors
(e.g., fibrinogen, which is a soluble protein that aids in clotting and high levels
are associated with CVD and FVIII:C, a coagulant that is deficient in hemophilia).
The authors concluded that even at subthreshold levels PTSD might produce
hypercoagulability that may increase the risk of cardiovascular disease by speeding
up platelet aggregation and thrombus formation.

Studies have also examined immune effects following the North Ridge earth-
quake in Southern California and Hurricane Andrew in South Florida (Ironson et al.,
1997; Solomon, Segerstrom, Grohr, Kemeny, & Fahey, 1997). In both studies, NK
cell cytotoxicity (NKCC) was lower over time. In the latter study, severity of symp-
toms (particularly perceived loss and intrusive thoughts) was negatively related to
NKCC and positively related to white blood cell counts. Of special interest for
therapeutic interventions was the evidence of new-onset sleep difficulties as possi-
bly mediating the PTSD symptom—NKCC relationship.

Psychological Manifestations of the Stress Response

The final category of disease to be discussed in this chapter is the diverse psycho-
logical manifestations of the stress response. Although we have noted implications
for depression, bereavement, trauma, and schizophrenia above; and we shall be
examining trauma in far greater detail later in the text, here we shall briefly review
the “psyche” as a target organ.

Acute and chronic stress episodes are implicated in the development of both dif-
fuse anxiety and manic behavior patterns that are without defined direction or purpose.
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Gellhorn (1969) argues that high levels of sympathetic activity can result in anxiety
reactions. This anxiety may occur as a result of SNS and proprioceptive discharges
at the cerebral cortical level. Thus, generalized ergotropic tone may then lead to
conditions of chronic and diffuse anxiety. Guyton (1982), in apparent agreement
with Gellhorn, notes that general sympathetic discharge and proprioceptive feed-
back may contribute to arousal states such as mania, anxiety, and insomnia. Greden
(1974) and Stephenson (1977) have both found that the consumption of methylated
xanthines (primarily caffeine) can create signs of diffuse anxiety as well as insom-
nia and may lead to a diagnosis of anxiety neurosis. The action of the methylated
xanthines rests on their ability to stimulate a psychophysiological stress response
primarily through sympathetic activation. Finally, Jacobson (1938, 1978) has argued
that proprioceptive impulses as such would be found in conditions of high muscu-
loskeletal tension and can contribute to anxiety reactions (see also Everly, 1985b).

Physiologically, in each of the cases just cited, it may be suggested that an
ascending neural overload via the reticular activating system to the limbic and neo-
cortical areas may be responsible for creating unorganized and dysfunctional dis-
charges of neural activity that are manifested in clients’ presenting symptoms of
insomnia, undefined anxiety, and in some cases manic behavior patterns lacking
direction or apparent purpose (see Everly, 1985b; Guyton & Hall, 2006).

In each of the three examples, activation of the psychophysiological stress
response preceded the manifestation of diffuse, undefined anxiety, often diagnosed
as generalized anxiety disorder or atypical anxiety disorder.

It is interesting to note that one link between anxiety and sympathetic stress
arousal, specifically, striate muscle tension (Gellhorn, 1969; Jacobson, 1938, 1978),
has prompted the development of techniques designed to reduce anxiety through the
reduction of muscle tension. We review such techniques later in this text.

Another psychological manifestation of excessive stress is thought to be depres-
sive reactions. Stressor events that lead the patient to the interpretation that his or
her efforts are useless, that is, that he or she is in a helpless situation, are clearly
associated with arousal of the psychophysiological stress response (Henry &
Stephens, 1977). The affective manifestation that typically follows is depression.
Henry and Stephens have compiled an impressive review that points to the reactiv-
ity of the anterior pituitary—adrenocortical axes during depressive episodes.

In addition to physiological evidence, there is psychological evidence to support
the notion that excessive stress can precipitate a depressive reaction. Socio-
behavioral research with depressed patients (see Brown, 1972; Paykel et al., 1969)
produced somewhat similar evidence that social stressors can lead to major affec-
tive syndromes. Rabkin (1982), in her review of stress and affective disorders,
states, “Overall, it seems justifiable to conclude that life events do play a role in the
genesis of depressive disorders” (p. 578). Indeed, depressed patients report more
stressful life events than do normal controls. This was especially true for a 3-week
period immediately preceding the onset of the depression (Rabkin).

As noted, evidence supports a link between stress and schizophrenia as well. One
behavioral interpretation of schizophrenia views the illness as a maladaptive avoidance
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Table 4.2 Psychological disorders
and excessive stress

Brief reactive psychosis
Posttraumatic stress disorder
Adjustment disorders
Various anxiety disorders
Various affective disorders
Some forms of schizophrenia

mechanism in the face of an anxiety-producing environment (Epstein & Coleman,
1970). Serban (1975) found in a study of 125 acute and 516 chronic schizophrenics
that excessive stress did play a role in the precipitation of hospital readmission.
A more far-reaching view of psychopathology and stress is presented by Eisler and
Polak (1971). In a study of 172 psychiatric patients, they concluded that excessive
stress could contribute to a wide range of psychiatric disorders, including depres-
sion and schizophrenia, as well as personality disturbance—depending on the pre-
disposing characteristics of the individual (see Millon & Everly, 1985). Rabkin
(1982) concludes that stress may well be associated with schizophrenic relapse and
subsequent hospitalization.

Most important, however, with the advent of the multiaxial DSM, came the
identification of psychiatric disorders that were, by definition, a result of stressful
life events. Thus, for such categories, mental status, that is, the mind, need no longer
be seen as a viable target organ only by inference. Both the diagnoses of brief reac-
tive psychosis and posttraumatic stress disorder are viewed diagnostically as being
a direct consequence of a “recognizable stressor.” So, too, would be the diagnostic
categories of adjustment disorders. Diagnoses such as adjustment disorder with
anxious mood, adjustment disorder with depressed mood, and adjustment disorder
with mixed emotional features demonstrate an official nosological acceptance of the
wide spectrum of psychiatric manifestations that can result directly from stress
(Everly & Lating, 2004).

Thus, we see that in the last several years, the “mind” has been officially recog-
nized as a potential target organ for pathogenic stress arousal. Table 4.2 summarizes
diagnostic categories that serve as psychological target-organ manifestations of
excessive stress.

Summary

The purpose of this chapter has been to briefly review some of the more common
disorders seen in clinical practice that potentially possess a significant stress-related
component. Let us review some of the main points addressed in this chapter:

1. There is a well-established literature linking the GI system to the stress response.
The most commonly encountered stress-related GI disorders are peptic ulcers
(gastric and duodenal), ulcerative colitis, irritable bowel syndrome, and esophageal
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reflux. There appear to be two major pathogenic mechanisms in these disorders:
vagus-induced hypersecretion of digestive acids and glucocorticoid (cortisol)-
induced diminution of the protective mucosal lining of the GI system. Gastric
acid hypersecretion has been shown to be related to anger and rage (Wolfe &
Glass, 1950), whereas alterations in mucosal integrity have been shown to be
related to depression and feelings of deprivation (Backus & Dudley, 1977).

. The cardiovascular system is believed by many to be the prime target organ of

the stress response, especially in males (Humphrey & Everly, 1980). The cardio-
vascular disorders most commonly associated with excessive stress are essential
hypertension, migraine headaches, and Raynaud’s disease. Essential hyperten-
sion is clearly a multifactorial phenomenon. Although stress may not be the soli-
tary etiological factor in the majority of cases of essential hypertension, it
appears to be a contributory factor in the majority of cases in a nonobese popula-
tion. Mechanisms within the stress response that may contribute to the acute and
chronic elevation of blood pressure include SNS activity and adrenomedullary
activity, as well as cortisol and aldosterone hyperactivity (refer to Chap. 2).

. Vasospastic phenomena such as migraine headaches and Raynaud’s disease

seem to be primarily a function of excessive SNS activity, as are myocardial
ischemia and coronary endothelial injury.

. There is evidence that the respiratory system can also be a target organ for the

stress response. Bronchial asthma, hyperventilation syndrome, and even some
forms of allergies may be stress related. Mechanisms of mediation may include
excessive parasympathetic activation, excessive sympathetic activation, and
extraordinary adrenomedullary activity, respectively.

. According to Jacobson (1938, 1970), Gellhorn (1967), and Tomita (1975), the

striated neuromuscular system is an underestimated yet prime target for exces-
sive stress arousal. Stress-response efferent mechanisms of mediation include
alpha-motoneuron innervation, adrenomedullary activity, and perhaps even
SNS activity.

. The skin serves as a target for excessive stress. Disorders such as eczema, acne,

psoriasis, and alopecia areata have been implicated as stress-related disorders.
Specific mechanisms of mediation are unclear.

. Animal studies have demonstrated the connection between biogenic and psy-

chosocial stressors and immune function. Hans Selye’s seminal work investi-
gating the General Adaptation Syndrome (GAS) is an early example of how
biogenic stressors adversely affect immune function.

. The impact of stress on immune function in humans has explored areas such as

bereavement, marital conflict, and effects of taking exams, and providing long-
term care to loved ones with Alzheimer’s disease and AIDS. It is important to
keep in mind, however, that individual variables and modifying factors need to
be considered before coming to general conclusions about stress and immune
function.

. The impact of humor on immune function, most often credited to Norman

Cousins, is an example of a positive and potential therapeutic intervention that
may enhance immune functioning.
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10. A final yet important target organ for the stress response must be the “mind,”
that is, psychological status. Mental disorders such as brief reactive psychosis,
posttraumatic stress disorder, adjustment disorders, certain anxiety and affective
disorders, and even some forms of schizophrenia may possess significant stress-
related components.

11. In summary, this rather ambitious chapter has attempted to review the vast field
of psychosomatics. There would appear to be considerable professional opinion
and scientific data to support the widely held view that disease is a multifacto-
rial, biopsychosocial phenomenon in terms of onset, course, and intervention.
That is certainly the view supported by the volume, in general.

12. In closing this chapter, it should be noted that the concept of stress-related psy-
chosomatic diseases has been far broadened with the advent of the multiaxial
DSM. Now, via such diagnostic perspectives, the clinician can indicate the
degree to which stress may have contributed to the primary Axis I diagnosis
through the use of Axis III, Axis IV, and Axis V. Finally, data from the field of
psychosomatics cogently suggest that even infectious and degenerative diseases
may have significant stress-related components in their initiation or
exacerbation.
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Chapter 5
Measurement of the Human Stress Response

In the final analysis, the empirical foundation of epistemology is measurement.

When an unexplained phenomenon, such as a stress-related disease, is first
observed, it is common to search for possible etiological factors. This search often
culminates in a phenomenological theory; in this case, perhaps a theory of stress
arousal and subsequent pathogenesis. On the basis of the formulated theory, for
example, of stress arousal, it is then a useful next step to design an experiment in
order to test the theory and any proposed relationships critical to the theory. Inherent
in the design of the experiment is the designation of key variables and some means
of measuring, recording, or otherwise quantifying those relevant variables. Relevant
to the present discussion, this would typically involve a means of measuring the
stress response and perhaps its pathological effects.

As we review the literature concerning human stress, it is obvious that in addi-
tion to the lack of a universal definition of stress, the field has also been plagued by
a plethora of inconsistencies and potential phenomenological errors in the measure-
ment of the human stress response. If we cannot reliably and validly measure the
human stress response, what degree of credibility do we place upon investigations
into its phenomenology? Indeed, meta-analytic research has suggested that the mea-
surement of independent and dependent variables may be the single most important
aspect of research design—even more important than the structure of the research
design itself (Cohen, 1984; Fiske, 1983; Smith, Glass, & Miller, 1980). With regard
to stress research, it may be argued that the confounded or inappropriate measure-
ment process has the greatest ability to limit the generation of useful data regarding
this important public health phenomenon (Cattell & Scheier, 1961; Everly &
Sobelman, 1987; Stamm, 1996). Thus, the purpose of this chapter is to discuss the
measurement of the human stress response.

In Chap. 2, a systems model of the nature of the human stress response was con-
structed (Fig. 2.6). As a means of integrating the following measurement-based
discussions, that basic model is reproduced here, with key measurement technolo-
gies having been superimposed (see Fig. 5.1). Let us take this opportunity to examine
more closely the measurement of the human stress response.

G.S. Everly and J.M. Lating, A Clinical Guide to the Treatment 103
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Stressor Scales

Historically, one of the most widely used measurement tool for the assessment of
human stress, in reality, does not measure stress at all—it measures stressors. The
Social Readjustment Rating Scale (SRRS), the “grandfather” of attempts at measur-
ing stress, was developed by Thomas Holmes and Richard Rahe (1967), based upon
the theory that “life change” is causally associated with subsequent illness. This
notion was by no means a new idea. Adolph Meyer pioneered empirical investiga-
tions into the relationship between psychosocial events and illness with the advent
of his “life chart” as a means of creating a medical history.

The SRRS contains 43 items consisting of commonly experienced “life events.”
Each life event is weighted with a life change unit score (LCU). Respondents are
simply asked to check each of the items they have experienced within the last 12
months. The arithmetic summation of LCUs represents the total LCU score, which
can then be converted to a relative health risk statement, that is, the risk of becoming
ill within a stipulated time period. The association between high LCU scores and
risk of subsequent illness is assumed to be a function of the fact that organisms must
adapt to novel stimuli and otherwise new life events. The physiology of adaptation
has long been known to be the same physiology as the stress response. Thus, stress
may be seen as the linchpin between life events and illness as conceived of and
measured by the SRRS.

The SRRS is not without its critics, however. Two major issues have been raised:

1. Life events scales should be modified so as to assess the perceived desirability of
the life event. It has been suggested that negative life events are potentially more
pathogenic than positive life events (Sarason, Johnson, & Siegel, 1978).

2. It has also been suggested that “minor hassles” are more important predictors of
illness than major life events (Kanner, Coyne, Schaefer, & Lazarus, 1981).

Other noteworthy efforts in the assessment of stressor stimuli should be mentioned.
In an attempt to improve the SRRS with regard to the issue of event desirability,
Sarason and his colleagues (1978) created the Life Experiences Survey (LES),
which not only lists a series of life events but also inquires into the desirability of
each of the events. In a far more ingenious approach to the life events issue, Lazarus
and his colleagues investigated the daily hassles versus major life events issue as it
pertains to the prediction of subsequent illness (Kanner et al., 1981). The Hassles
Scale lists a series of minor daily hassles, that is, sources of frustration that com-
monly recur to many individuals. The scale also includes an “uplifts” assessment
that theoretically serves to mitigate the adverse impact of negative life events.

The LES and the Hassles Scale are creative and alternative approaches to the
assessment of stressors. Another entry into the genre of stressor scales is the Stressful
Life Experiences Screening (SLES; Stamm, 1996). This instrument consists of 20
items that inquire as to (1) the presence of a stressful life experience, and (2) the
degree of “stressfulness” of that experience. The long form (SLES-L) takes 5-10
min to complete.
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The Life Stressor Checklist—Revised (Wolfe & Kimerling, 1998) consists of 30
“events” that satisfy the DSM-IV definition of traumatic. The self-report scale takes
15-30 min to complete and is designed for use with adults. The scale is not only an
indicator of traumatic events, but it also serves as an assessment of the events’
current impact upon the individual.

Most recently, the Stress and Adversity Inventory (STRAIN) was created by
the University of Los Angeles’s Laboratory for Stress Assessment and Research.
This is a computerized self-report inventory that consists of 96 questions that cover
moderate to severe stressors that are typically experienced by the adult population.
The strain is designed for use with adults and takes approximately 30-45 min to
complete (UCLA Laboratory for Stress Assessment and Research: http://www.
uclastresslab.org/products/strain—stress-and-adversity-inventory).

As for the genre of stressor scales, Monroe (1983) notes, “Although findings of
event—illness associations appear to be consistent in that increased life events pre-
dict dysfunction in both retrospective and prospective studies, the magnitude of the
association reported typically has been low” (p. 190). The recognized consistency
in the life events research combined with its low-effect size leads one to believe that
life events scales such as the SRRS do indeed tap some domain that has meaning in
stress phenomenology; however, there appear to be other mediating variables that
need to be better understood. From the view of the present model, life events scales
tap the stressor domain and therefore cannot be said to assess either the stress
response itself or the causal mechanisms that undergird stress arousal. Nevertheless,
scales such as the SRRS can be of value, especially in stress research when the
researcher wishes to obtain valid and reliable assessments of the “background
noise,” that is, intervening or other otherwise confounding variables in psychosocial
stressor research (see Everly & Sobelman, 1987).

Cognitive—Affective Correlate Scales

Whereas in the preceding section we discussed the assessment of stressor stimuli, the
reader will recall from Chap. 2 the agreement among most stress researchers that in
order for psychosocial life events to engender a stress response and subsequent illness,
they must first be processed via cognitive—affective mechanisms. It seems theoreti-
cally viable, therefore, that one might assess the cognitive—affective domain of respon-
dents as an indirect assessment of the human stress response (Everly & Sobelman,
1987). Derogatis (1977) has argued that such a “self-report mode of psychological
measurement contains much to recommend it” (p. 2). Furthermore, Everly has argued
that assessment of this domain may be the most practical, efficient, and cost-effective
way of measuring the human stress response (Everly & Sobelman, 1987; Everly,
Davy, Smith, Lating, & Nucifora, 2011; Nucifora, Hall, & Everly, 2011).

The World Assumption Scale (WAS; Janoff-Bulman, 1996) assesses three core
assumptions, or beliefs, about life: the benevolence of the world, the inherent mean-
ingfulness of the world, and self-worth. This self-report scale requires 5—10 min to
complete and consists of 32 items scored according to a 6-point Likert scale.
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Neurological Triggering Mechanisms

The assessment of the sensitivity of neurological triggering mechanisms is by no
means an easy task. Aberrant evoked potentials emerging from the subcortical lim-
bic system would be one indication of an existing hypersensitivity phenomenon
within the limbic system. The accurate assessment of subcortical activity via elec-
troencephalography (EEG) is very difficult and may be considered a gross assess-
ment at best, however. False-negative findings are a common problem with such
assessment and EEGs in general. Electrodermal responsiveness as assessed via
galvanic skin response (GSR) would be another way of assessing the reactivity of
neurological triggering mechanisms (Peek, 2003).

Finally, the general assessment of psychophysiological reactivity is believed to
be a viable process for assessing the efferent-discharge propensity of the limbic
system (Everly & Sobelman, 1987). The phenomenology of this process is based
upon the theories of Lacey, Malmo, and Sternbach discussed in Chap. 3.

Measuring the Physiology of the Stress Response

It will be recalled from Chap. 2 that the stress response can be divided into three
broad categories: (1) the neural axes, (2) the neuroendocrine axis, and (3) the endo-
crine axes. Let us briefly review several of the more common assessment technologies
used to tap these phenomenological domains.

Assessment of the Neural Axes

Assessment of the neural axes of the human stress response is for the most part an
attempt to capture a transitory state measurement phenomenon, as opposed to a more
consistent trait. Technologies used for such assessment include (1) electrodermal
techniques, (2) electromyographic techniques, and (3) cardiovascular measures.

Electrodermal Measures

The physiological basis of the electrodermal assessment of the stress response is the
eccrine sweat gland. Located primarily in the soles of the feet and the palms of the
hands, these sweat glands respond to psychological stimuli rather than heat and
emerge on the terminal efferent ends of sympathetic neurons. Although the neu-
rotransmitter at the sweat gland itself is Ach, as opposed to NE, the assessment of this
activity provides useful insight into the activity of the sympathetic nervous system.
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Electrodermal activity may be assessed via active GSR techniques or through
passive techniques such as skin potentials (SP), according to Edelberg (1972).
Andreassi (1980) has stated that electrodermal techniques are useful indices of
somatic arousal.

Electromyographic Measurement

The physiological basis of electromyographic measurement of the stress response is
the neurological innervation of the striated skeletal muscles. Electromyography,
although an indirect measure of muscle “tension,” is a direct measure of the action
potentials originating from the neurons that innervate the muscles.

Skeletal muscles receive their neural innervation primarily as a result of alpha
motoneuron presence, on the efferent limb, and secondarily as a result of gamma
motoneuron activity as well. From the afferent perspective, proprioceptive neurons
arising from the muscle spindles contribute to the overall electrical activity that orig-
inates from the skeletal musculature. In a relaxed state, skeletal muscle tone serves
as a very useful general index of arousal (Gellhorn, 1964a; Gellhorn & Loofburrow,
1963; Jacobson, 1929, 1970; Malmo, 1975; Weil, 1974), yet in a contracted state this
utility appears to disappear. Thus, when using skeletal muscles as general indices of
arousal and stress responsiveness, it becomes of critical importance to teach patients
to first relax those muscles (Everly, Welzant, Machado, & Miller, 1989).

There has been debate on the utility of a particular set of muscles as an index of
arousal. That set of muscles is the group known as the frontalis. Jacobson (1970)
and Shagass and Malmo (1954) first recognized that the frontalis and related facial
muscles were prime targets of the stress-arousal process. Budzynski and Stoyva
(1969) and Stoyva (1979) explored and refined the clinical utility of these muscles
in the treatment of stress-related disorders. Similar work was undertaken by
Schwartz et al. (1978), who found the corrugator muscles of similar utility in rela-
tion to depression.

It may be argued that the frontalis muscles of the forehead provide a useful site for
the assessment of stress arousal. These muscles have been termed “quasi-voluntary”
muscles because their autonomic-like properties manifest during emotional states. In
support of such a view are the studies indicating that when simple facial expressions
are mimicked, an alteration in heart rate and skin temperature can be observed, even
when the subjects were simply asked to mimic the expression without any consider-
ation for the cognitive or affective state that might be associated with it. Similarly,
Rubin (1977) suggests that the frontalis muscles, in particular, may possess properties
of dual innervation: skeletal alpha motoneuron and ANS innervation.

Although, clearly, the frontalis musculature is predominately striated in nature
(thus receiving efferent innervation from the alpha motoneuron assemblies), Rubin
(1977) has argued that the frontalis also possesses thin nonstriated layers of muscu-
lature. These nonstriated muscles apparently receive their innervation (directly or
indirectly) from the SNS (Miehlke, 1973). Thus, assessment of the frontalis muscles
through electromyographic procedures may well provide insight into alpha
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motoneuron activity, sympathetic neural activity, as well as neuroendocrine activity
(Everly & Sobelman, 1987). Although there is not total agreement on the utility of
the frontalis musculature (Alexander, 1975), Stoyva (1979) provides useful guide-
lines for the use of that measurement variable.

Clinical biofeedback experience shows the frontalis muscles are useful in the
treatment of a wide range of stress-related disorders, including essential hyperten-
sion and disorders of the GI system. Most clinicians, over the years, have reported
use of the frontalis muscle in electromyographic assessment; however, the trapezius,
brachioradialis, and sternocleidomastoid muscle groups have also been utilized.

In summary, most evidence suggests that the electromyographic assessment yields
insight into the activity of other major muscle groups (Freedman & Papsdorf, 1976;
Glaus & Kotses, 1977, 1978) as well as the generalized activity of the SNS (Arnarson
& Sheffield, 1980; Budzynski, 1979; Donaldson, Donaldson, & Snelling, 2003; Field,
2009; Jacobson, 1970; Malmo, 1966; Rubin, 1977; Schwartz & Andrasik, 2003).

Cardiovascular Measurement

Cardiovascular measurement of the stress response entails the assessment of effects
of the stress response upon the heart and vascular systems. Common cardiovascular
measures include heart rate, peripheral blood flow, and blood pressure.

Heart rate activity as a function of the stress response is a result of direct neural
innervation as well as neuroendocrine activity of epinephrine and norepinephrine.
During psychosocially induced stress, epinephrine is preferentially released from
the adrenal medullae. The ventricles of the heart are maximally responsive to circu-
lating epinephrine and will respond with increased speed and force of ventricular
contraction. Of course, direct sympathetic neural activation increases heart rate as
well. The measurement of heart rate is most commonly achieved through the use of
audio-metric or oscillometric techniques during the normal assessment of blood
pressure. Occasionally, heart rate will be measured from ECG techniques via the
use of passive electrodes or even through plethysmography.

Plethysmography focuses upon the volume of blood in a selected anatomical
site. The most common areas for such assessment of the stress response are the
fingers, toes, calves, and forearms. During the stress response, most patients will
suffer a reduction of blood flow from these areas. This vasoconstrictive effect is a
result of direct sympathetic activity to the arteries and arterioles, as well as of circu-
lating norepinephrine (Hall, 2011). A decline of blood flow to these areas will also
result in a reduction of skin temperature. Therefore, skin temperature is also some-
times utilized, although it is not as reliable as plethysmography. So we see that the
assessment of peripheral blood flow can be accomplished via the use of plethys-
mography as well as skin temperature.

Finally, blood pressure is sometimes used as an acute index of the stress response.
The assessment of blood pressure is generally achieved through the quantification
of systolic and diastolic blood pressure, and may be considered highly state
dependent.
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Systolic blood pressure is the hemodynamic pressure exerted within the arterial
system during systole (the ventricular contraction phase). Diastolic blood pressure
is the hemodynamic pressure exerted within the arterial system during diastole
(relaxation and filling of the ventricular chambers).

Blood pressure is a function of several variables revealed in the following
equation:

BP = COXTPR

where

BP=blood pressure

CO=cardiac output=stroke volume x heart rate

TPR =total hemodynamic peripheral resistance

Blood pressure can be measured noninvasively through auscultation, audiometry,
or oscillometry. In noninvasive paradigms, a sampled artery (usually the brachial) is
compressed through the use of an inflatable rubber tube or bladder. The bladder is
inflated until it totally blocks the passage of blood through the artery. Air pressure,
measured in millimeters of mercury (mm Hg) is slowly released from the bladder
until a sound is heard or a distension sensed. This sound and distension (called a
Korotkoff sound) is indicative of blood being allowed to pass through the once
blocked artery. Korotkoff sounds continue until the artery is fully opened and
returned back to its natural status. The first Korotkoff sound is indicative of the
systolic blood pressure. The passing of the last Korotkoff sound is indicative of the
diastolic blood pressure. The technique of audiometry measures blood pressure by
the use of a microphone to sense the Korotkoff sounds. Oscillometry detects the
Korotkoff phenomenon via a pressure-sensitive device placed on the outside of the
artery. Finally, auscultation is the sensing of the Korotkoff sound via stethoscope.
Audiometric and oscillometric techniques are far more reliable than is manual
auscultation.

In summary, the measurement of cardiovascular phenomena can be seen to tap
both neural and neuroendocrine domains; thus, there is an overlap in phenomenol-
ogy. Also, when using the cardiovascular domain to measure stress arousal, the
clinician is interested only in the acute fluctuations, as opposed to chronic levels.
This is due to the fact that stress exerts its most measurable effect upon the acute
status of the cardiovascular system. A multitude of other factors enter into, and
otherwise confound, the measurement process when examining cardiovascular
indices such as chronic blood pressure and peripheral blood flow, for example.

Assessment of the Neuroendocrine Axis

Assessment of the neuroendocrine axis of the stress response entails measurement of
the adrenal medullary catecholamines: epinephrine (adrenaline) and norepinephrine
(noradrenaline).
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Aggregated medullary catecholamines may be sampled from blood or urine
and assayed via fluorometric methods. Reference values range for random sam-
pling up to 18 pg/100 ml urine, for a 24-h urine sample up to 135 pg, and for timed
samples, 1.4-7.3 pg/h during daylight hours (Bio-Science, 1982). For aggregated
catecholamines sampled from plasma, values range from 140 to 165 pg/ml via
radioenzymatic procedures (Bio-Science).

Various fluorometric (Anderson, Hovmoller, Karlsson, & Svensson, 1974; Euler &
Lishajko, 1961; Jacobs et al., 1994), chromatographic (Jacobs et al.; Lake, Ziegler, &
Kopin, 1976; Mason, 1972), and radioimmunoassay (Jacobs et al.; Mason) methods are
available for the assessment of catecholamines. The most useful of all methods may be
the high pressure liquid chromatography (HPLC) with electrochemical detection as
described in Hegstrand and Eichelman (1981) and McClelland, Ross, and Patel (1985).
HPLC allows multiple catecholamines to be derived from sampled plasma, urine, and
saliva with superior ease and sensitivity.

Epinephrine can be sampled from urine, plasma, or saliva. When sampled from
urine a typical distribution is as follows: (see Jacobs et al., 1994; Katzung, 1992):

Unchanged epinephrine 6%
Metanephrine 40%
Vanillylmandelic acid 41%
4-Hydroxy-3-methoxy-phenylglycol 7%
3, 4-Dihydroxymandelic acid 2%
Other 4%

100%

Norepinephrine can also be sampled from urine, plasma, and saliva. Table 5.1 pro-
vides a range of epinephrine and norepinephrine values when sampled from urine.

Despite the availability of methods such as HPLC, some researchers prefer the
assessment of catecholamines by indirect routes, for example, through the assess-
ment of urinary metabolites. Metanephrines and vanillylmandelic acid (VMA) are
two popular choices.

In the case of the metanephrines, one of the major deactivating substances acting
upon epinephrine and norepinephrine is the enzyme catecholamine-O-methyl-
transferase (COMT). Metabolites of this deactivation process are metanephrine and
normetanephine. Aggregated metanephrines range from 0.3 to 0.9 mg/day in urine.
VMA levels range from 0.7 to 6.8 mg/day. VMA is the urinary metabolite of COMT
and monoamine oxidase.

Assessment of the Endocrine Axes

According to Hans Selye (1976), the most direct way of measuring the stress
response is via ACTH, the corticosteroids, and the catecholamines. The cate-
cholamines have already been discussed. The most commonly used index of ACTH
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Table 5.1 Value ranges for urinary epinephrine and

norepinephrine

Epinephrine Norepinephrine
Basal levels 4-5 pg/day 28-30 pg/day
Aroused 10-15 pg/day  50-70 pg/day

Significant stress >15 pg/day >70 pg/day

and corticosteroid activity is the measurement of the hormone cortisol. Cortisol is
secreted by the adrenal cortices, activated by ACTH, at a rate of about 25-30 mg/
day and accounts for about 90% of glucocorticoid activity.

Cortisol may be sampled from either plasma or urine. Radioimmunoassay
plasma levels for a normal adult may range from 5 to 20 pg/100 ml plasma (8
A .M. sample). The normal diurnal decline may result in a level of plasma cortisol
at 4 PM. about one half of the 8 A.M. level. Normal urinary-free cortisol may
range from 20 to 90 pg/24 h (see Bio-Science, 1982). It has been suggested that
urinary-free cortisol is the most sensitive and reliable indicator of adrenal cortical
hyperfunction, followed by plasma cortisol and finally 17-hydroxycorticosteroid
(17-OHCS), a cortisol metabolite (Damon, 1981). Normal values for 17-OHCS
measured from urine typically range from 2.5 to 10 mg/24 h in the female to 4.5
to 12 mg/24 h in the male adult (Porter—Silber method). Slight increases in
17-OHCS are evidenced in the first trimester of pregnancy and in severe hyper-
tension. Moderate increases can be observed in the third trimester of pregnancy
and as a result of infectious disease, burns, surgery, and stress (Bio-Science). In
conditions of extreme stress, urinary 17-OHCS may exceed 15 mg/24 h. Plasma
assessments of 17-OHCS range from 10 to 14 ng% at 8 A.M. basal levels to 18 to
24 ng% under moderate stress, to an excess of 24 ng% in extremely stressful situ-
ations (Mason, 1972).

This section has discussed the assessment of the physiological constituents of
the stress response. It should be noted that the assessment of this domain repre-
sents a challenging and potentially frustrating exercise. One major factor that con-
founds the assessment of most physiological variables is the fact that most
physiological phenomena used to assess stress arousal are state-dependent vari-
ables that wax and wane throughout the course of a day as well as with acute situ-
ational demands. Normal diurnal fluctuations as well as acute situational variability
can serve to yield false-positive or false-negative findings in the absence of mean-
ingful baseline data. There has even been some question as to the predictive valid-
ity of acute physiological indices. Another issue that confounds the overall utility
of many physiological measures is that such measures usually require special
training, special equipment, or both. The difficulties associated with physiologi-
cal assessment of the human stress response have been summarized by Everly and
Sobelman (1987). Other issues, such as response specificity and organ reactivity,
are also reviewed.
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Assessment of Target-Organ Effects

Once the stress response has been activated to pathogenic proportions, there emerges
another possible assessment strategy for measuring human stress—the assessment
of the target-organ effects of the stress response. The assessment of target-organ
effects can consist of measuring physical as well as psychological variables.

Physical Diagnosis

The assessment of the physical effects of stress would involve the use of standard
diagnostic techniques common to the practice of physical medicine. The goal of
such assessments is to measure the integrity of the target organ’s structural and
functional status. An in-depth discussion of such procedures is far beyond the scope
of this volume, however.

It should be mentioned that such assessments are never clearly assessments of
stress. One never really knows to what degree pathogenic stress arousal has contrib-
uted to the manifestation of target-organ pathology. For this reason, the diagnosis of
stress-related target-organ disease is typically a diagnosis by exclusion; that is, one
systematically excludes non-stress-related etiological factors while at the same time
looking for evidence of pathogenic stress arousal through the assessment of other
measurement domains as well. The stress-related diagnosis then emerges from a
convergence of these data sets. There are also self-report scales that have shown to
be valid and reliable indices of experienced physical illness. The Seriousness of
Illness Rating Scale (SIRS; Wyler, Masuda, & Holmes, 1968; see also Rosenberg,
Hayes, & Peterson, 1987) is one useful self-report tool for measuring illness and
weighting its impact. The Stress Audit Questionnaire (Miller & Smith, 1982) is
another. It is important to keep in mind that there is still no certainty as to the extent
of the role of stress arousal in the formation of the emergent illnesses/reactions.

Finally, the Family Disruption from Illness Scale (Ide, 1996) extends the assess-
ment of physical symptoms somewhat by assessing the degree of disruption that 53
health-related symptoms impose upon daily functioning. Most items represent
physical illnesses. This scale, while more recent than the SIRS, is not as comprehen-
sive, nor have its psychometric properties been adequately assessed.

Psychological Diagnosis

The psychological diagnosis of the stress response refers to the measurement of the
“psychological” effects of the stress response. There currently exist numerous and
diverse methods for the measurement of psychological states and traits. To cover this
topic fully would require a volume of its own. Therefore, what we shall do in this
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section is merely highlight the paper-and-pencil questionnaires that a clinician might
find most useful in measuring the psychological effects of the stress response.

Minnesota Multiphasic Personality Inventory—2

The Minnesota Multiphasic Personality Inventory—2 (MMPI-2) (Butcher,
Dahlstrom, Graham, Tellegren & Kraemmer, 1989) is a revision of perhaps one of
the most valid and reliable inventories for the assessment of long-term stress on the
personality structure of the patient. The numerous clinical and content scales of the
MMPI-2 yield a wealth of valuable information. These scales sample a wide range
of “abnormal” or maladjusted personality traits (a personality trait is a rather chronic
and consistent pattern of thinking and behavior).

The MMPI-2 consists of ten basic clinical scales developed on the basis of actu-
arial data:

. Hs: Hypochondriasis

. D: Depression

. Hy: Conversion Hysteria

. Pd: Psychopathic Deviate

. Mf: Masculinity—Femininity

Pa: Paranoia

. Pt: Psychasthenia (trait anxiety)

. Sc: Schizophrenia

. Ma: Hypomania (manifest energy)

. Si: Social Introversion (preference for being alone)

—_—

In addition to the highly researched clinical scales, the MMPI-2 has validity
scales that give the clinician a general idea of how valid any given set of test scores
is for the patient. This unique feature of the MMPI-2 increases its desirability to
many clinicians.

The MMPI-2 offers a virtual wealth of information to the trained clinician; its
only major drawback appears to be its length of over 560 items.

The Sixteen Personality Factor Questionnaire (16-PF)

The 16-PF (Cattell, 1972), much the same as the MMPI, assesses a wide range of
personality traits. It measures 16 “functionally independent and psychologically
meaningful dimensions isolated and replicated in more than 30 years of factor-
analytic research on normal and clinical groups” (p. 5).

The 16-PF consists of 187 items distributed across the following scales:

* Reserved-Outgoing
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* Less Intelligent—-More Intelligent

» Affected by Feelings—Emotionally Stable
* Humble—Assertive

e Sober-Happy-Go-Lucky

* Conservative—Experimenting

e Group-Dependent—Self-Sufficient

* Expedient-Conscientious

e Shy-Venturesome

* Tough-minded-Tender-minded

e Trusting-Suspicious

e Practical-Imaginative

» Forthright-Astute

e Self-Assured-Apprehensive

* Undisciplined Self-Conflict-Controlled
* Relaxed-Tense

Millon Clinical Multiaxial Inventory—II

The Millon Clinical Multiaxial Inventory (MCMI) (Millon, 1983) is a 175-item
self-report, true—false questionnaire. The MCMI-II, although not as widely utilized
as the MMPI in the diagnosis of major psychiatric disorders, is clearly the instru-
ment of choice when the clinician is primarily interested in personologic variables
and their relationship to excessive stress. Furthermore, the MCMI-II offers valuable
insight into treatment planning. Another major advantage of the MCMI-II over the
MMPI and 16-PF is that it consists of only 175 items. The MCMI-II includes 22
clinical scales broken down into three broad categories; ten basic personality scales
reflective of the personality theory of Theodore Millon (1981); three pathological
personality syndromes; and nine major clinical psychiatric syndromes (Millon,
1983). From a psychometric perspective, the MCMI-II offers the best of both
worlds: an inventory founded in a practical, clinically useful theory as well as rigor-
ous empirical development. The clinical scales of the MCMI-II are listed below:

Schizoid; Avoidant; Antisocial; Narcissism; Passive—aggressive; Compulsive;
Dependent; Histrionic; Schizotypal; Borderline; Sadistic; Paranoid; Anxiety;
Somatoform; Hypomania; Dysthymia; Alcohol abuse; Drug abuse; Psychotic think-
ing; Psychotic depression; Psychotic delusions.

Millon Clinical Multiaxial Inventory—IIl

While the MCMI-II is still in use, Millon has published an even more current
version of the MCMI, the Millon Clinical Multiaxial Inventory—III (MCMI-III)
(Millon, Millon, Davis, & Grossman, 2009). The MCMI-III still contains 175 items
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but 95 were changed or reworded from the MCMI-II. The MCMI-III has been
updated into a 4th edition. The updated MCMI-III scales are as follows:

There exist 14 Personality Disorder Scales that are coordinated with the DSM-1V
Axis II disorders:

1—Schizoid

2A—Avoidant

2B—Depressive

3—Dependent

4—Histrionic

5—Narcissistic

6A—Antisocial

6B—Sadistic (Aggressive)
7—Compulsive

8A—Negativistic (Passive-Aggressive)
8B—Masochistic (Self-Defeating)
S—Schizotypal

C—Borderline

P—Paranoid

In addition there are ten Clinical Syndrome Scales:

A—Anxiety

H—Somatoform

N—Bipolar: Manic
D—Dysthymia

B—Alcohol Dependence
T—Drug Dependence
R—Posttraumatic Stress Disorder
SS—Thought Disorder
CC—Major Depression
PP—Delusional Disorder

There are also five scales that serve to detect response patterns that might call
into question the test results:

Modifying Indices

X—Disclosure

Y—Desirability

Z—Debasement

Random Response Indicators

V—Invalidity
W—Inconsistency

Lastly, there are 42 subscales that serve to give the clinician insight into the psy-
chological processes that undergird clinically significant elevations. These are the
Grossman Facet Scales.
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Common Grief Response Questionnaire

The Common Grief Response Questionnaire (CGQ) (McNeil, 1996) consists of 86
self-report items using a 7-point Likert response scale. The purpose of the CGQ is
to assess the frequency of occurrence of numerous grief reactions to the death of a
loved one.

Impact of Events Scale—Revised

The Impact of Events Scale—Revised (IES-R) (Weiss & Marmar, 1993) is a revi-
sion of the original IES. The IES-R consists of 22 self-report items purported to
assess posttraumatic stress. Three response dimensions are tapped: intrusive ide-
ation, avoidance and numbing, as well as hyper-arousal. The IES-R takes about
10 min to complete and is a widely used research tool.

Penn Inventory for Posttraumatic Stress Disorder (PENN)

Similar to the IES-R, the PENN (Hammarberg, 1992) is a measure of posttraumatic
symptoms. It is, however, is a more global measure, consisting of 26 self-report
items.

Stanford Acute Stress Reaction Questionnaire

The Stanford Acute Stress Reaction Questionnaire (SASRQ) (Cardena & Spiegel,
1993; Shalev, Peri, Canetti, & Schreiber, 1996) consists of 30 self-report items that
assess acute stress disorder. The scale takes 5—10 min to complete and appears to be
useful in predicting PTSD.

Taylor Manifest Anxiety Scale

The Taylor Manifest Anxiety Scale (TAS) (Taylor, 1953), unlike the inventories
previously described, measures only one trait—anxiety. Its 50 items are derived
from the MMPI. The TAS measures how generally anxious the patient is and has
little ability to reflect situational fluctuations in anxiety.
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State-Trait Anxiety Inventory

The State—Trait Anxiety Inventory (STAI) (Spielberger, Gorsuch, & Luchene, 1970)
is a highly unique inventory in that it is two scales in one. The first 20 items measure
state anxiety (a psychological state is an acute, usually situationally dependent con-
dition of psychological functioning). The second 20 items measure trait anxiety.
This is the same basic phenomenon as that measured by the TAS. The STAI can be
administered in full form (40 items) or be used to measure only state or trait
anxiety.

Affect Adjective Checklist

Another unusual measuring device is the Affect Adjective Checklist (AACL)
(Zuckerman, 1960). Like the STAI, the AACL can be used to measure a psychologi-
cal state or trait by using the same items (21 adjectives) and merely changing the
instructions. The client may use the checklist of adjectives to describe how he or she
feels in general or under a specific set of conditions—*‘now” for instance. Zuckerman
and Lubin (1965) later expanded the AACL by adding specific items to assess hos-
tility and depression. The more recent (1985) scale is called the Multiple Affect
Adjective Checklist (MAACL).

Subjective Stress Scale

The Subjective Stress Scale (SSS) (Berkun, 1962) is designed to measure situational
(state) effects of stress on the individual. The scale consists of 14 descriptors that the
patient can use to identify his or her subjective reactions during a stressful situation.
Each of these descriptors comes with an empirically derived numerical weight,
which the clinician then uses to generate a subjective stress score.

Profile of Mood States

The Profile of Mood States (POMS) (McNair, Lorr, & Droppleman, 1971) is a fac-
tor-analytically derived self-report inventory that measures six identifiable mood or
affective states (p. 5):

Tension—Anxiety Depression—Dejection Anger—Hostility Vigor—Activity Fatigue—Inertia
Confusion—-Bewilderment

The POMS consists of 65 adjectives, each followed by a 5-point rating scale that
the patient uses to indicate the subjective presence of that condition. The instruc-
tions ask the patient to use the 65 adjectives to indicate “How you have been feeling
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during the past week including today.” Other time states have been used, for exam-
ple: “right now,” “today,” and for “the past three minutes.”

The POMS offers a broader range of state measures for the subjective assessment
of stress when compared with the STAI, the AACL-MAACL, and the SSS.

Connor Davidson Resilience Measure

The Connor Davidson Resilience Measure (CD-RISC) (Connor & Davidson, 2003)
is a rating scale that assesses resilience. It is composed of 25 items that are rated on
a scale of 1-4. Higher scores indicate greater resilience.

Inventory of Complicated Grief Scale

The Inventory of Complicated Grief Scale (Prigerson et al., 1995) is a scale designed
to assess symptoms of complicated grief. This scale is designed to assess the com-
plicated bereavement symptoms of depression and anxiety that predict long-term
functional impairments. The scale consists of 22 items corresponding to the cogni-
tive, emotional, and behavioral states that are associated with complicated grief.
Each of the items is rated on a scale of 1-4, depending on how frequently they expe-
rience each of the states.

Generalized Anxiety Disorder Questionnaire

The Generalized Anxiety Disorder Questionnaire (GADQ-IV) (Newman et al.,
2002) is a self-report questionnaire that has items that are reflective of the DSM-
IV’s criteria for Generalized Anxiety Disorder. Most of the items are dichotomous
and ask the respondent to give yes/no answers, one item is left open ended and two
items utilize a rating scale from one (meaning no distress) to eight (meaning severe
distress) to assess distress and impairment.

Beck Anxiety Inventory

The Beck Anxiety Inventory (BAI) (Beck & Steer, 1990) is a widely used 21 item
self-report symptom inventory that is used to assess anxiety in adolescents and
adults. The items reflect symptoms of anxiety and the respondents are asked to rate
them on a scale of 0 (not experiencing symptoms at all) to 3 (severe symptoms).
This can be used as a screening or diagnostic tool for Generalized Anxiety Disorder.
It can also be used to assess treatment progress.
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Symptom Checklist-90 Revised

The Symptoms Checklist 90 (SCL-90-R) (Derogatis, 1994) is a self-report measure
assessing symptoms of psychopathology on nine different dimensions and three
global indices. The dimensions include anxiety, obsessive-compulsive disorder,
phobic anxiety, and paranoid ideation. The SCL-90 consists of 90 items and takes
approximately 12—15 min to administer. There is also a shorter form called the Brief
Symptom Inventory (BSI; Derogatis, 1993) that is composed of 53 items and pro-
vides scores on the same dimensions and global indices as the SCL-90. These tools
can both be used to determine treatment progress or treatment outcome.

Screen for Posttraumatic Stress Symptoms

The Screen for Posttraumatic Stress Symptoms (SPTSS) (Carlson, 2001) is a
17-item self-report inventory that assesses the symptoms of PTSD listed in the
DSM-IV. Respondents rate each of the items on an 11-point scale indicating fre-
quency of symptoms from O (never) to 10 (always). This is recommended for screen-
ing of PTSD in both research and clinical settings.

Inventory of Psychosocial Functioning

The Inventory of Psychosocial Functioning is an 87-item self-report measure that
assesses functional impairment experienced by active-duty service members and
veterans over the past 30 days on a 7-point scale ranging from 1 (“never”) to 7
(“always”). The IPF provides a total score for each of seven subscales (romantic
relationships with a spouse or partner, family relationships, work, friendships and
socializing, parenting, education, and day-today functioning), and an overall
functional impairment score is computed by calculating the mean of the scores for
each completed subscale. In a sample of veterans meeting diagnostic criteria for
PTSD, their overall mean score on the IPF was 3.86 (SD = 1.06) (Castro, Hayes,
& Keane, 2011).

The Assessment of Coping

The Millon Behavioral Health Inventory (MBHI) (Millon, Green, & Meagher, 1982)
assesses the patient’s characterological coping style. The Hassles Scale measures an
indirect form of coping within its “uplifts” subscale. Everly created a simple coping
inventory for use in conjunction with the National Health Fair (Everly, 1979a;
Girdano & Everly, 1986). This checklist can be found in Appendix H.

Finally, perhaps the most popular of the coping indices is the Ways of Coping
Checklist developed by Lazarus and Folkman (1984). This 67-item checklist that
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assesses an individual’s preference for various styles of coping patterns (e.g., defen-
sive coping, information seeking, problem solving) enjoys a considerable empirical
foundation and can be found in their 1984 textbook on stress, appraisal, and coping.

In the broadest sense, coping may be viewed as any effort to reduce or mitigate
the aversive effects of stress. These efforts may be psychological or behavioral. The
scales mentioned sample both domains.

Law of Initial Values

A final point should be made regarding the role of individual differences in the process
of measurement. No two patients are exactly alike in their manifestations of the stress
response. When measuring psychophysiological reactivity, or any physiological
index, the clinician must understand that the patient’s baseline level of functioning on
any physiological variable affects any subsequent degree of activity or reactivity in
that same physiological parameter. This is Wilder’s Law of Initial Values (Wilder,
1950). In order to compare an individual’s stress reactivity (assuming variant base-
lines), a statistical correction must be made in order to assure that the correlation
between baseline activity and stressful reactivity is equal to zero. Such a correction
must be made in order to compare groups as well. Benjamin (1963) has written a very
useful paper that addresses the necessary statistical corrections that must be made.
She concludes that a covariance model must be adopted in order to correct for the law
of initial values, though specific calculations will differ when comparing groups or
individuals.' It must be remembered that the Law of Initial Values will affect not only
the measurement of stress arousal but also stress reduction.

Summary

In this chapter we have described briefly some of the most commonly used methods
of measuring the effects of the stress response. The methods described have included
physiological and psychological criteria.

'One useful formula for correcting for the Law of Initial Values when comparing individuals is the
Autonomic Lability Score (ALS; Lacey & Lacey, 1962). The ALS, a form of covariance and there-
fore consistent with Benjamin’s recommendation, is expressed as

yz - xzr .

)
where X =client’s standardized prestressor autonomic level, ¥, =client’s standardized poststressor
autonomic level, and r_ =correlation for sample between pre- and poststressor levels.
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The most important question surrounding the measurement of the stress response
is “How do you select the most appropriate measurement criterion?” The answer to
this question is in no way clear-cut. Generally speaking, to begin with you should
consider the state versus trait measurement criterion issue. Basically, state criteria
should be used to measure immediate and/or short-lived phenomena. Trait criteria
should be used to measure phenomena that take a longer term to manifest themselves
and/or have greater stability and duration. The psychological criteria discussed in
this chapter are fairly straightforward as to their state or trait nature. The physiological
criteria are somewhat less clear. Some physiological criteria possess both state and
trait characteristics. Furthermore, normal values for blood and urinary stress indica-
tors may vary somewhat from lab to lab. Therefore, the clinician should familiarize
him- or herself with the lab’s standard values. Before using physiological measure-
ment criteria in the assessment of the stress response, the reader who has no back-
ground in physiology would benefit from consulting any useful physiology or
psychophysiology text (see, e.g., Everly & Sobelman, 1987; Greenfield & Sternbach,
1972; Levi, 1975; Selye, 1976; Stern, Ray, & Davis, 1980). Finally, because no two
patients are alike in their response to stressors, the clinician might consider measuring
multiple and diverse response mechanisms (or stress axes) in order to increase the
sensitivity of any given assessment procedure designed to measure the stress
response (see Fig. 5.1).

Having provided these closing points, let us review the major issues discussed
within this chapter:

1. It has been argued that the single most important aspect of empirical investigation
is the process of the measurement of relevant variables. This is true of investiga-
tions into the nature of human stress as well.

2. The Social Readjustment Rating Scale (Holmes & Rahe, 1967), the Life
Experiences Survey (Sarason et al., 1978), and the Hassles Scale (Kanner et al.,
1981) are all self-report inventories that assess the patient’s exposure to critical
“life events.” Collectively, these scales do not measure stress; rather, they assess
the patient’s exposure to stressors. Stressor scales are correlated with stress
arousal because the physiology of adaptation to novel or challenging stimuli is
also the physiology of the stress response.

3. The Derogatis Stress Scale (Derogatis, 1980) and the Millon Behavioral Health
Inventory (Millon, et al., 1982) represent scales designed to assess the patient’s
cognitive—affective status. The stress response is thus assessed indirectly through
the measurement of cognitive—affective states known to be highly associated
with stress arousal. It has been argued that such assessments may well be the
most efficient, practical, and cost-effective way of assessing stress arousal. All of
these scales also include symptom indices.

4. Albeit an important clinical phenomenon, the assessment of propensities for
limbic efferent discharge (limbic hypersensitivity phenomenon) is extremely
difficult. Subcortical electroencephalography is a crude measure at best.
Electrodermal and general psychophysiological reactivity may be the best
options currently available for the assessment of neurological triggering mecha-
nisms of the human stress response.
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5. Numerous measurement options exist for the assessment of the physiological
stress response itself (if deemed appropriate).

(a) The neural stress axes may be assessed via electrodermal measures, electro-
myographic measures, as well as cardiovascular measures (heart rate, periph-
eral blood flow, blood pressures).

(b) The neuroendocrine stress axis can be measured via the assessment adrenal
medullary catecholamines.

(c) The assessment of the endocrine stress axes is most commonly conducted
via the assessment of cortisol.

6. The assessment of target-organ effects of pathogenic stress arousal can be con-
ducted via standard physical medicine examination or the use of self-report
inventories such as the Seriousness of Illness Rating Scale (Wyler et al., 1968) to
measure physical effects. Psychological effects may be assessed via self-report
scales such as the MMPI, the MCMI, the 16-PF, IES-R, PENN, SASRQ, CGO,
the TAS, the STAI, the AACL, the SSS, and the POMS.

7. Coping is an important potential mediating variable. It may be assessed via the
MBHI,; the Hassles Scale, a coping scale developed by Everly (1979a) for the
US Public Health Service; or the Ways of Coping Checklist (Lazarus &
Folkman, 1984).
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Chapter 6
Personologic Diathesis and Human Stress

Where malignant disease is concerned it may be more
important to understand what kind of patient has the disease
rather than what kind of disease the patient has.

Sir William Osler, M.D.

Recall from Chap. 2 that the manner in which an individual chooses to perceive
and interpret his or her environment (cognitive interpretation) serves as the single
most important determinant of whether the stress response will be elicited in
response to a psychosocial stressor. We may then argue that the consistent manner
in which an individual perceives and interprets the environment, in addition to the
aggregation of consistent attitudes, values, and behavior patterns, serves as an
operational definition of the construct of “personality.” If we accept such a propo-
sition, it becomes reasonable to assume that there may well exist individuals whose
consistent personality traits, including cognitive interpretations regarding their
environment, may predispose them to excessive elicitation of the stress response
and, therefore, increased risk of stress-related disease. Such personality-based pre-
dispositions for stress may exist in the form of personologic diatheses, such as
cognitive distortions, persistent irrational expectations, “ego” vulnerabilities, and/
or consistent stress-producing overt behavior patterns.

If indeed one’s personologic idiosyncrasies can predispose to excessive stress
arousal, it behooves the clinician to familiarize him or herself with the common
manifestations of such personologic predispositions. Investigations into such rela-
tionships between personality factors and stress arousal have typically taken one of
two perspectives.

1. Historically, investigations into the relation between personality and stress
have focused upon highly specific personality traits that appear to predispose
individuals to highly specific diseases, without consideration of the global
personality structure within which those traits reside (Alexander, 1950;
Dunbar, 1935).
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2. Investigations have pursued the proposition that there exist consistent,
personality-based predispositions, that is, “vulnerabilities” unique to and inherent
within each and every basic personality pattern (Millon, 1996; Millon, Crossman,
Meagher, Millon, & Everly, 1999). Collectively, these characterological suscep-
tibilities serve as a form of Achilles’ heel, referred to here as a personologic
diathesis, serving, under the right set of circumstances, to predispose one to the
elicitation of the stress response and a host of subsequent stress-related disorders
(Everly, 1987; Frances, 1982; Millon & Everly, 1985). These characterological
susceptibilities may exist in the form of “ego” vulnerabilities, consistent cogni-
tive distortions, expectations, and repeated stress-producing behaviors. Such an
approach tends not to focus on specific traits and their association with specific
diseases, but rather sees each different personality style or pattern as possessing
a personologic diathesis consisting of an aggregation of personality-based sus-
ceptibilities to stress. Let us pursue these notions further.

Historical Foundations

When one first thinks of the relation between personality and stress, the Type A
coronary-prone behavior pattern invariably comes to mind (Friedman & Rosenman,
1974). Yet the search for the stress-prone personality far predates the discovery of
the Type A pattern.

The work of Dunbar (1935) represents one of the earliest and most noteworthy
efforts at formulating psychosomatic theory based upon personality profiles. Dunbar
described various personality profiles that seemed to be predisposed to specific
stress-related diseases. For example, from her perspective, the hypertensive patient
could be seen as characterologically shy, reserved, rigid, yet possessing the propen-
sity for “Volcanic eruptions of feelings.” The migraine patient, on the other hand,
could be seen as perfectionistic and overachievement oriented.

As noted earlier in this volume, the conflict theory of French and Alexander
(Alexander, 1950) argued that persons prone to repeated characterological conflicts
are prone to specific stress-related disorders.

In addition to the work of Dunbar and Alexander, there were other early contribu-
tions from the analytically oriented theorists, yet early interest waned, with rather low
reliability among the findings of the various theorists. Similarly, even reliable findings
contributed only minimal variation to the overall disease process. Thus, research into
the relationship between personality and disease significantly diminished for over a
decade until interest was rekindled by cardiologists Friedman and Rosenman (1974)
in their investigations into the Type A coronary-prone behavior pattern.

Friedman (1969) described the Type A pattern as a characteristic “action—emotion
complex” exhibited by individuals engaged in a chronic struggle to “obtain an
unlimited number of poorly defined things from their environment in the shortest
period of time.” Originally, the Type A pattern was believed to constitute chronic
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time urgency, competitiveness, polyphasic behavior, and poorly planned, often
impulsive behavior (Friedman & Rosenman, 1974). The Type A pattern has also
been described as consisting of primary traits of time urgency, hostility, ambition,
and immoderation. Friedman and Rosenman also described secondary traits of
impatience, aggression, competitiveness, and denial.

The original search for the Type A pattern was, indeed, a search for a consistent
behavior pattern that predisposed to premature coronary artery disease. When diag-
nosed via the standardized structured interview technique, the Type A pattern has
consistently shown a relation with coronary artery disease (see Powell, 1984;
Shepherd & Weiss, 1987; Williams, 1984; Williams et al., 1980). Major investiga-
tions that have failed to uncover a relationship between coronary heart disease and
the Type A pattern have generally used techniques other than the structured inter-
view to assess the pattern (Everly & Sobelman, 1987; Shepherd & Weiss). The use
of diverse measurement technologies may have inadvertently added to the confu-
sion surrounding the nature of the Type A pattern (Everly & Sobelman). Indeed, the
pursuit of the Type A pattern has taken on a life of its own, so much so that individu-
als invariably ask if there is such a thing as a “good” Type A pattern. By definition,
the answer to such a question must be “no,” if one only remembers that the original
quest for the Type A pattern was actually a search for a behavior pattern that predis-
poses to premature coronary heart disease. Considering this point, how could there
be a “good” Type A?

The relation between Type A behavior and coronary heart disease has prompted
researchers to conduct various components analyses in search of the pathogenic
core of the Type A pattern (Powell, 1984; Williams, 1984; Williams et al., 1980).
Such endeavors have uncovered myriad Type A constituents that serve to clarify
further the nature of the pattern.

Figure 6.1 represents an integration of findings reported as part of the “second
generation” of Type A research designed to better understand the constituents of
coronary-prone behavior (Powell, 1984; Williams, 1984, 1986; Williams et al.,
1980). It portrays a deeply rooted personologic insecurity as the foundation of the
Type A pattern. That characterological insecurity is thought to give rise to an
extraordinary need for power and achievement, perhaps as a means of compensating
for or contradicting the feelings of insecurity. Power and achievement are related to
control, and it has been found that Type A individuals possess not only high achieve-
ment motives but also an extraordinary need for control. The need for control and
the fear of the loss of control may then account for the observed impatience, time
urgency, polyphasic behavior, competitiveness, and related traits that Type A per-
sons exhibit. Studies by Williams and his colleagues have suggested that chronic
hostility and cynicism may be an important psychological factor in the increased
coronary risk that Type A individuals exhibit. Dembroski and Costa (1988) reviewed
the assessment of the Type A pattern and noted that the “global” Type A pattern is
not a good predictor of heart disease, but the hostility component may play a critical
pathogenic role.

Research has also shown that Type A individuals exhibit extraordinary
physiological reactivity when confronted with a psychosocial challenge.
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Fig. 6.1 An integrative CHARACTEROLOGICAL INSECURITY
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That reactivity has been shown to be manifest in increased release of catecholamines,
testosterone, and cortisol—all well-known atherogenic agents. The physiological reac-
tivity, according to the work of Everly (1985b), may well be based upon some form of
limbic system hypersensitivity, or what Gellhorn (1967) has called the “‘ergotropic tun-
ing phenomenon.” Finally, the unusually high levels of circulating catecholamine, cor-
tisol, and testosterone appear to be directly related to the increased risk of coronary
artery disease manifested by Type A males. It should be noted that, at rest, the Type A
individual manifests no significant differences in catecholamine, testosterone, or corti-
sol secretion when compared with non-Type A individuals. Only upon psychosocial
challenge are the aforementioned differences seen to emerge.

The Type A pattern remains a promising area for continued research into the
relationship between personality and disease, especially stress-related disease. It
will be recalled that the catecholamines, testosterone, and cortisol are all key stress-
responding hormones. The interested reader should refer to Shepherd and Weiss
(1987) for an early yet important review.

The next major contribution to the stress and personality phenomenon comes
from Suzanne Kobasa, who investigated personality characteristics that seem to act
as a buffer between individuals and the pathogenic mechanisms of excessive stress.
Her research investigated the domain of “hardiness,” that is, characterological fac-
tors that appear to mitigate the stress response. Kobasa (1979) and Kobasa &
Puccetti (1983) defined hardiness as the aggregation of three factors:

1. Commitment, that is, the tendency to involve oneself in experiences in meaning-
ful ways.

2. Control, that is, the tendency to believe and act as if one has some influence over
one’s life.

3. Challenge, that is, the belief that change is a positive and normal characteristic
of life.
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The hardiness research has shown that individuals who demonstrate a commitment
to self, family, work, and/or other important values; a sense of control over their
lives; and the ability to see life change as an opportunity will experience fewer
stress-related diseases/illnesses even though they may find themselves in environ-
ments laden with stressor stimuli.

The hardiness construct is indeed a tempting concept to entertain. This formula-
tion has received a serious challenge from Lazarus and Folkman (1984), however,
who argue that there is a paucity of systematic studies that examine the relation
between antecedent variables and health. Conclusions, they suggest, are typically
formulated on the basis of inference with regard to coping mechanisms. They argue
that Kobasa’s conclusions about hardiness are based on tenuous inferences about
coping mechanisms generated through the use of questionable measurement
technologies.

It seems clear that factors such as those described in the hardiness research may
indeed play an important role in mitigating otherwise pathogenic circumstances.
Nevertheless, it may be useful to better operationalize these factors before employ-
ing such notions in psychotherapeutic formulations.

No review of historical foundations in personality and stress research would be
complete without mentioning the oldest longitudinal research investigation,
specifically, the relationship between personality and disease. The Johns Hopkins
Precursors Study (see Thomas & McCabe, 1980) seeks to answer the question “Do
individuals have distinctive personal characteristics in youth that precede premature
disease and death?” The Precursors Study cohort consisted of 1,337 graduates of the
Johns Hopkins School of Medicine between the years of 1948 and 1964. Thomas
and McCabe investigated, via self-report, consistent “habits of nervous tension”
(HNT) and subsequent disease.

Compared with those of the healthy group, the overall HNT patterns were significantly dif-
ferent for the cancer, coronary occlusion, mental illness and suicide groups. ... It therefore
appears that youthful reactions to stress as self-reported in a checklist of habits of nervous
tension reflect individual psychobiological differences that are linked with future health or
disease. (p. 137)

Thus, in the most liberal interpretation of personality, the Precursors Study con-
tinues to reveal links between what may be argued to be characterological traits and
the subsequent formation of disease.

Indeed, in a meta-analytic investigation in search of the “disease-prone personal-
ity,” Friedman and Booth-Kewley (1987) reviewed a research base including
Psychological Abstracts and Index Medicus. Focusing upon psychosomatic disease
processes, the authors found 229 studies, of which 101 were ultimately used in the
meta-analysis. They conclude: “The results point to the probable existence of a
generic ‘disease-prone’ personality that involves depression, anger/hostility, anxi-
ety, and possibly other aspects of personality” (p. 539).

Let us now turn to a discussion of more recent trends in personality research as
it pertains to excessive stress arousal.
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The Principle of Personologic Primacy

Should the patient with passive-dependent traits presenting with a stress-induced
chronic migraine headache syndrome be treated in the same manner as the patient with
histrionic traits and a migraine syndrome of equal severity? Should the patient
with avoidant traits and a panic disorder be treated in the same manner as a patient
with compulsive traits and a diagnosed panic disorder of equal intensity? A growing
body of evidence argues that the answer to both questions is “no” (Millon, Krueger, &
Simonsen, 2010; Millon, 2011).

Theoretical (Everly, 1987; Widiger & Frances, 1985; Millon & Davis, 2011), as
well as empirical evidence (Kayser, Robinson, Nies, & Howard, 1985; Millon et al.,
1999; Strupp, 1980; Taylor & Abrams, 1975) suggests that clinical and subclinical
personality patterns may be a uniquely important factor in the diagnosis and treat-
ment of many psychiatric and stress-related disorders. More specifically, the “prin-
ciple of personologic primacy” as proposed by Everly (1987) denotes that
personologic style plays a uniquely important role in the following:

. The consistent propensity to create psychosocial stressors (via some diathesis).
. The phenomenological course of psychiatric and stress-related disorders.

. Diagnostic refinement of major psychiatric syndromes.

. Psychotherapeutic, as well as psychopharmacological, treatment responsiveness.
. The long-term prognosis for many psychiatric and stress-related disorders.
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The “principle of personologic primacy” further argues that basic personality
patterns and their respective hosts of idiosyncratic interpretational predispositions
(i.e., personologic diatheses) for stress and other clinical syndromes serve as phe-
nomenological foundations from which major stress-related illnesses and psychiat-
ric syndromes may emerge. Thus, such syndromes are best understood as pathological
extensions of potentially malignant personologic undergirdings, for example, con-
sistent cognitive distortions, irrational expectations, “‘ego” vulnerabilities, unfounded
assumptions, and the like (Everly, 1987; Millon & Everly, 1985; Millon et al., 1999;
Millon & Davis, 2011). Adverse environmental events, psychoactive drug reac-
tions, and physical and/or psychological trauma may serve as sufficient impetus to
cause the personologic substructure to express itself in pathological clinical mani-
festations such as headaches, panic attacks, and hypertensive and acute tachycardic
episodes mediated through the physiological stress response (Chap. 2).

In summary, with regard to stress-related disorders, the “principle of persono-
logic primacy” may be understood as suggesting that (1) a patient’s chronic propen-
sity to interpret the environment cognitively in such a manner as to engender the
stress response with extraordinary frequency is more likely than not to be a function
of a personality-based predisposition (diathesis); similarly, (2) a chronic and consis-
tent pattern of elicitation of the stress response is perhaps best viewed more as a
manifestation of a dysfunctional characterological predisposition, rather than merely
one’s exposure to a series of consistently hostile environments. This brings us to the
natural corollary of the “principle of personologic primacy”: personality-based
psychotherapy.
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Personologic Psychotherapy and Stress-Related Disorders

If, indeed, we accept personality as playing an important role in the etiology of
stress-related disease, then we might logically assume that it must play some role in
the treatment of such disease as well. Everly (1987) has introduced the concept of
“personologic psychotherapy” as one way of recognizing the role that personality
may play in treatment formulation. According to Everly, personologic psychother-
apy represents a metatherapeutic approach to the treatment of psychiatric as well as
stress-related disorders. More specifically, it is the embodiment of the belief that in
most chronic psychiatric and stress-related syndromes, a dysfunctional persono-
logic style supports these syndromes and, therefore, must also become a target for
therapeutic intervention, if the chronic nature of the problem is to be addressed.
Similarly, the concept of “personologic psychotherapy” embodies the belief that
treating only the symptoms of chronic, recurrent clinical syndromes may in many
cases be analogous to palliatively attending to a clinical veneer while ignoring an
important aspect of the etiological malignancy (see also Millon et al., 1999).

The theoretical basis for “personologic psychotherapy” is Millon’s biosocial
learning theory (Millon, 1988, 1996). It is referred to as a metatherapy because the
specific manner in which the personologic dysfunction is treated is left to the discre-
tion of the treating therapist.

With specific attention to stress-related disorders, personologic psychotherapy is
broadly interpreted to suggest that in addition to treating the florid symptoms of
chronic stress-related disorders, it 