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Foreword

Although the injunction “Know thyself” was inscribed over the site of the
Delphic Oracle, the concept is of much more ancient lineage. Thousands
of years ago, the wise men of the East had learned to exert authority over
a broad range of bodily experiences and functions using techniques that
are still taught today. But it is only in the past few decades that the West has
become aware once again of the range of control that the central nervous
system can maintain over sensation and body function. Medicine has
moved slowly in integrating these concepts into the classic medical model
of disease despite a growing body of evidence that links emotional state,
thought, and imagery to immunocompetence, tissue healing, and bodily
vigor.

It is precisely the role of a volume such as this, reflecting a fascinating
conference in Munich, to emphasize and reemphasize these ideas. We are
fortunately well beyond the sterile behaviorism of Watson with its com-
plete negation of the significance of mental operations. But many still
consider suspect those forces and mechanisms, however powerful, that
seem to originate from brain-mind activity. The chapters in this book,
with their emphases on the mind-body continuum as a bridge to self-
regulation and health, provide a modern “School of Athens” in bringing
these concepts to wider acquaintance.

One of the necessary bridges to such an appreciation is a growing
understanding of the structure and modes of function of the nervous
system. The neural substrates for our ability to self-regulate experience
and body function are becoming less mysterious. If it can be shown that
the structures and mechanisms are present and describable, even the
skeptic must eventually see the possibilities.

One of the more powerful insights into such candidate neural connec-
tions has emerged from study of the relations among prefrontal cortex,
nucleus reticularis thalami, and thalamocortical projections. Neuro-
anatomical, neurophysiological, and immunocytochemical studies have
confirmed the role of the n. reticularis thalami as a filter or gating system,
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xii FOREWORD

sitting athwart all sensory communication between thalamus and cortex.
En route to cortical receptive areas, sensory thalamic activity activates
localized neuron clusters of the n. reticularis thalami. Short, high-
frequency bursts of these n. reticularis cells then play back onto the
thalamus, causing brief periods of profound thalamic cell inhibition. Each
thalamocortical burst thus selectively closes reticularis gates during the
period of its activation, thereby delimiting and emphasizing its own
content—temporally and spatially.

In contrast, ascending connections from the mesencephalic reticular
formation exert a strong inhibitory bias on the cells of the n. reticularis
thalami, effectively opening the gates. This is undoubtedly the system
that is activated in a period of stress or maximal emergency (e.g., when
someone shouts “Fire” in a crowded theater). The sudden voluminous
opening of n. reticularis gates tends to flood the cortex with information,
powerfully stimulating some individuals and totally paralyzing others
(i.e., freezing them in a panic state).

There is a third series of connections to this gating system, which is
most relevant to our interest. The prefrontal cortex projects to the intra-
laminar nuclei of the thalamus and indirectly to the mesencephalic reticu-
lar core. Through these pathways, neurons of the n. reticularis can be
driven or inhibited by prefrontal activity. Although the prefrontal cortex
remains one of the more functionally enigmatic areas of the entire brain, it
is increasingly seen as an executive area for decision, focus, and projec-
tion. Itis at once the head end of the keel-like fronto—septo—hypothalamo—
tegmental axis and a source for connections to the entire cerebral cortex,
basal ganglia, and thalamus. As closely as one can make such an analogy,
it is simultaneously the site of the decisionary “I” involved in conscious
choice and life planning and the ultimate source of modulation over
hypothalamus-controlled visceral activity. In the latter case, the demon-
strated immunocompetence of the nude mouse may correlate with a
thinner, less developed frontal cortex. Similarly, experimental destruction
of the murine left frontal cortex also results in diminished immunocompe-
tence. In humans, devastating life experiences (e.g., loss of mate, child, or
job) have equally destructive effects on the immune system. And guided
imagery may enhance immunocompetence for the cancer patient.

In making conscious choices, such imagery helps shape our plans for
the evening or for our career. And it is undoubtedly the ultimate agency
involved when we “think positively,” “determine to get well,” or enter a
psychophysiological program to diminish chronic pain, control hyperten-
sion, and so forth. The mechanisms are just as valid for the Hindu fakir
lying calmly on his bed of nails as for our own attempts to attain greater
relaxation during stress or to diminish the pains of migraine.
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The remarkable ability of the prefrontal cortex, operating through the
thalamic intralaminar system and the brainstem reticular core to open or
close the multiple gates of the n. reticularis thalami, provides the control
mechanism we seek. Our conscious decision to effect change is appar-
ently impressed on the neuronal substrate through these connections, and
with repetition (the Hebb paradigm), the links are reinforced and the
technique of control is learned.

This volume and the clinical research organization that it represents
serve an invaluable function in highlighting the various phenomena and
the therapeutic potential inherent in appropriate utilization of this neural
system. Their efforts represent medically relevant education at its highest
level.

ARNOLD B. SCHEIBEL

Brain Research Institute
UCLA Medical Center



Preface

The collection of papers in this volume represents a broad spectrum from
the invited presentations in a series of symposia and keynote addresses at
the Second International Conference on Biobehavioral Self-Regulation and
Health. The conference was held at the University of Munich, Germany,
September 15-20, 1991, in accordance with plans announced at the first of
these conferences (in Honolulu, Hawaii, 1987). A third conference in the
series is planned (to be held in Japan in 1993). The advisory committee for
the Munich conference—Niels Birbaumer (Germany), the late Hisashi
Hirai (Japan), M. Barry Sterman (United States), and Holger Ursin
(Norway)—was coordinated by the Chairmen of the International Com-
mittee of the Association of Applied Psychophysiology and Biofeedback,
A. Ronald Seifert (United States) and John G. Carlson (United States). The
advisory committee and chairs together developed the program and
solicited presentations from six keynote speakers and thirty-one individ-
ual symposium presenters, all eminent and internationally known re-
searchers representing eleven countries. The invited presentations at the
conference were organized into eight topical areas, including the applied
psychophysiology of epilepsy, cardiovascular disorders, sleep disorders,
exercise, pain, breathing, stress in the workplace, and man in hazardous
environments. In addition, in these and other content areas, thirty-five
posters were contributed and presented at the meeting, the authors of
which represented eight countries (Carlson & Seifert, 1992).

This collection of papers represents the second volume from these
international meetings, the first also published in the Plenum Series in
Behavioral Psychophysiology and Medicine (Carlson & Seifert, 1991). That
collection was focused mainly on pure and applied research in the field of
self-regulation and health. In this volume, the focus is more on clinical
applications of psychophysiological principles and methods. The fifteen
chapters largely comprise outstanding selections from the conference oral
presentations, organized into those that discuss disorders of the central
nervous system (two chapters), the cardiovascular system (three chap-
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ters), the applied psychophysiology of breathing (four chapters), the
neuromuscular system (two chapters), and long-term stress (two chap-
ters). These papers should be an asset for the applied psychophysiologist-
clinician who keeps abreast of the latest developments and techniques of
the field. Additional details on the individual chapters and the Munich
meeting are to be found in the Introduction (Chapter 1).

Sincere thanks for efforts that helped to make this second meeting a
successful one are due to many individuals—foremost, the presenters
themselves. The many formal and informal exchanges at the meeting were
always lively and packed with fascinating and new approaches and data.
Behind the scenes, the local coordinator, Ulrich Birner, and his always
helpful and gracious assistants, Barbara Steinkopf and Ida Kukarski, all of
the University of Munich, provided invaluable organization and attention
to details. Various forms of financial support for the meeting were pro-
vided by the Association of Applied Psychophysiology and Biofeedback,
the German Research Society, and the European Space Agency.

We also wish to thank Eliot Werner, Executive Editor, Plenum Press,
for his ever-positive encouragement of our editing efforts, and William
Ray, the supportive and keen-eyed editor of the Plenum Series in Behavioral
Psychophysiology and Medicine.

JoHN G. CARLSON
A. RONALD SEIFERT
NIELS BIRBAUMER

Honolulu, Atlanta, and Tiibingen
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CHAPTER 1

Clinical Applied Psychophysiology

Introduction

A. Ronald Seifert, Niels Birbaumer,
and John G. Carlson

The Conference and a Changing World Order

This edited volume is derived primarily from the Second International
Conference on Biobehavioral Self-Regulation and Health held at the Uni-
versity of Munich, Germany on September 15-20, 1991. A preceding
edited volume, International Perspectives on Self-Regulation and Health, was
based on papers submitted to the inaugural conference in this series, held
in Honolulu, Hawaii, in 1987. The Third International Conference on
Biobehavioral Self-Regulation and Health will be held in Tokyo, Japan,
September 21-25, 1993.

The Second International Conference on Biobehavioral Self-Regula-
tion and Health again drew on the expertise of a scientific advisory
committee to select the participants for oral presentation. The committee
was composed of Drs. Niels Birbaumer of Germany, the late Hisashi Hirai
of Japan, M. Barry Sterman of the United States, and Holger Ursin of
Norway. As a result of their efforts, the meeting was truly international in
both intent and execution—a total of twenty-one countries were repre-

A. RONALD SEIFERT + Behavioral Institute of Atlanta, Atlanta, GA 30342. NIELS BIR-
BAUMER + Department of Clinical and Physiological Psychology, University of Tiibingen,
Tibingen, Germany D-72074; Dipartimento di Psicologia Generale, Universita degli Studi,
Padova, Italy. JOHN G. CARLSON -« Department of Psychology, University of Hawaii,
Honolulu, HI 96822.

Clinical Applied Psychophysiology, edited by John G. Carlson, A. Ronald Seifert, and Niels
Birbaumer. Plenum Press, New York, 1994.



4 1. CLINICAL APPLIED PSYCHOPHYSIOLOGY

sented in the conference through oral presentation, poster presentation,
workshops, attendance, or in some or all of these ways.

No one could anticipate that the inaugural international conference in
1987 would be followed by the fall of the Iron Curtain, the collapse of the
former Russian empire, and the consequent and continuing redefinition of
the geography and governments of a large part of the world. While we are
not attempting to attribute any of these events to the unifying efforts of
this meeting, there certainly has been profound change. Many conflicting
ideologies and restriction of borders were to all but vanish overnight, or so
it seemed at the time. Unforeseeably, out of these changes, dramatic as
they were, there has arisen yet another set of circumstances that does not
contribute to the timely progress of science and health care.

With the replacement of governments that had engaged in arguments
of conflicting ideology and cold war rhetoric came a corresponding loss of
certainty that science and business would go on as usual. The historical
problems of funding for science paled by comparison with the priorities of
some new governments, the compelling requirements of which are for
stable economies to meet the basic needs of their people. Even more
devastating, some countries became immediately embroiled in new armed
conflicts.

In some situations, where strong scientific organizations and reliable
funding previously existed, there was now a total disruption of those
processes. Conditions were so adverse for some scientists that they at-
tempted an exodus to other countries. For those not able to leave, often
there was (and there still remains) an impoverishment of funds to maintain
even the most prestigious institutes. New restrictions were imposed on the
activities of researchers and clinicians and on the flow of scientific informa-
tion and health care. Thus, while the intellectual freedom for the pursuit of
scientific inquiry may have improved in this new world order, adequate
funding and opportunities to conduct scientific work have not necessarily
followed. In fact, opportunities for international communication between
scientist and clinician actually may have been worsened in some dimen-
sions.

One of our original stated goals during the inaugural planning of this
series of conferences was to provide a forum in which some of the leading
scientists and practitioners in biobehavioral self-regulation and health
could meet and share their theories, data, and clinical experiences. In
addition to this formal venue, it was deemed equally important that the
participants have the opportunity for informal person-to-person commu-
nication. To our great satisfaction, the participants in these conferences
have rated the content of the meetings to be of the highest caliber. They
have also rated the opportunity for informal communication as having
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contributed significantly to the overall high quality of the experience.
While not yet attained, therefore, the goal of these meetings—to enhance
international scientific communication—appears to have been approached
a step nearer. One measure of the vitality, development, and growth of
clinical applied psychophysiology is the increasing number and geograph-
ical diversity of the participating scientists and practitioners. The excite-
ment of their individual efforts and accomplishments is further enhanced
when viewed from an international perspective.

It also was explicitly intended that the second international conference
go beyond the scope of nontraditional treatment of medical disorders. The
intent was to include strategies that focused on optimization of health and
survival through disease prevention. There was no intent to distract from
applications within medicine, but rather to be more inclusive of the
broader arena of biobehavioral self-regulation and health. Again, this was
to be accomplished by bringing together outstanding researchers repre-
senting both pure and applied science in the field of self-regulation and
health, through the dissemination of their previous research, as well
through promoting new efforts via the interchange of ideas and collabor-
ation.

The challenge in assessing issues of mind/body, body/mind relation-
ships demands a biopsychosocial understanding of the human condition.
We can no longer be content to describe the human as an isolated organic
system, as a solely psychological being, or as a person without environ-
mental context. The nature of clinical applied psychophysiology requires
more than the mere acknowledgment of the whole person. It requires that
the dynamic individual be referenced and studied in context, while
continuously adapting to an ever-changing environment. Clinical applied
psychophysiology often requires unique procedures that depart from
more traditional static research designs. To assess human adaptation as if
it were a static event is to deny the very nature of this truly dynamic
process.

Moreover, the issues of health and wellness demand not only the
treatment but also the prevention of the various disease states through the
attainment of homeostasis for optimal health. The conceptual and theoreti-
cal models of clinical applied psychophysiology contribute uniquely to the
description and empirical assessment of contributors to disease states.
Also, through the integrated approaches of the biopsychosocial model, the
resulting inquiry offers the opportunity for health promotion through
prevention. For some of our most compelling health care issues, prevention
may be the single most useful solution available to date. Such a strategy, in
the long run, undoubtedly will prove to be the most cost-effective and the
most viable solution to the world’s escalating health care problems and



6 1. CLINICAL APPLIED PSYCHOPHYSIOLOGY

costs. By increasing the number of international participants contributing
to and sharing the data base, it is believed that this goal can be more
quickly attained.

Turning to the organization of the content areas in the present data
base—this volume—the several sections provide only one possible struc-
ture for the individually prepared chapters. These topical areas were
selected mainly because they are familiar to the reader and help to organize
the diverse theory, data, and application in the papers. No existing organi-
zation, however, can satisfactorily account for all the diversity of the field.
Research in clinical applied psychophysiology reflects the efforts of many
to confront challenging demands. These chapters are well written, reflect
sound research and treatment strategies, and often represent an ongoing
series of studies. It is hoped that in reading them, you will share with us
the enjoyment that was ours when we heard the oral presentations and
again when we read the manuscripts for editing. More compelling is the
hope that the unique theory and observations contained within may help
to define the problems that confront you in your own work.

The Chapters

I. Overview

If we are to progress, the assumptions of inquiry must be examined,
as well as the methodology. Following this introductory first chapter,
Chapter 2 is the first philosophical presentation in the conference series.
Wolfgang Tunner examines the concept of behavioral self-regulation from
the vantage point of Schopenhauer’s ethics and sets a standard for future
presentations.

Chapter 3, by Niels Birbaumer and co-workers, examines a specific
approach to a traditional medical condition, epilepsy, while making com-
parisons to alternative efforts. The clinical outcome of their approach is
significant in and of itself; however, the greatest contribution to under-
standing may be in how the brain processes and modulates its own
function as reflected through electrophysiology. Chapter 4, by J. P. Rosen-
feld, may be the most technologically and procedurally sensitive chapter.
The systematic manner in which Rosenfeld presents his theory and
empirical findings makes it possible for the reader unfamiliar with the
P300 event-related potential to quickly become familiar with it. Familiarity
should provide the basis for an appreciation of the uniqueness of Rosen-
feld’s work.

Chapter 5, by Giorgio Bertolotti and associates, provides one of the
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few opportunities for cross-cultural comparison of a heavily investigated
problem, Type A behavior. The assumptions one might make without the
benefit of this comparison would surely be less empirically valid. Chapter
6, by David Shapiro and colleagues, provides a clear challenge to incorpo-
rate his methodological approach to improve diagnosis, selection of treat-
ment, and assessment of treatment for essential hypertension. It seems
clear that if this incorporation does not take place, the best we have to offer
is not being utilized, and this neglect is unacceptable. Chapter 7, by
Robert Freedman, employs the scientific process for the understanding of
Raynaud’s disease in a manner that is truly representative of what can be
accomplished. Not only is there an improved understanding of the benefits
of the treatment protocol, but also the elucidation of the basis on which it is
accomplished enhances our understanding of human physiology.
Chapter 8, by Sonia Ancoli-Israel and colleagues, presents findings on
sleep-disordered breathing (SDB). Their research on both the assessment
of SDB and the effect on mortality helps to define this relatively new area
of study. It not only challenges existing assumptions but also points the
way for a better understanding of the prevalence and consequence of the
problem. Although most people assume the benefit of relaxation, Jan van
Dixhoorn provides in Chapter 9 one of the relatively few studies of the
effects of relaxation and breathing training on cardiovascular disorders.
His results not only provide data to support the approach but also bring
into question the present strategies for the rehabilitation of cardiac pa-
tients. In Chapter 10, Robert Fried presents his protocol for the assessment
of the role of respiration in a wide range of disorders. Fried’s work on
hypoxia provides a challenge to all who are interested in the physiology of
respiration as well as to the clinician confronted by a host of diagnostic
categories. P G. E Nixon, in Chapter 11, challenges the reductionistic
approaches to the role of hyperventilation. Instead, he provides a systems
approach utilizing a modified performance-arousal curve as a model. He
advocates the uncoupling of breathing from arousal and coupling it with
the body’s need for making and sustaining effort. His conceptualization
will challenge even those who currently acknowledge a role for breathing.
Herta Flor and Niels Birbaumer attempt in Chapter 12 to apply
psychophysiological theory to the study of chronic musculoskeletal pain.
They not only first establish that a specific need exists, but then also
conduct their study of biofeedback after providing the electrophysiological
rationale for treatment and assessment of treatment efficacy. In Chapter 13,
by Edward Taub, the reader is presented with both the research leading to
the theory of learned nonuse and the results of its application to specific
patient populations. This chapter should be required reading for anyone
working in chronic pain, continence training, and neurological injury.



8 1. CLINICAL APPLIED PSYCHOPHYSIOLOGY

A. ]. W. Taylor and M. M. Brown present in Chapter 14 data from a
series of four-person parties who wintered over in Antarctica each year
from 1986 to the present. Conducting research under these conditions as
well as the challenges of long-term stress are examined. Such extreme
conditions require adequate selection of participants for a number of
factors, especially the ability to maintain group relationships lest they all
be seriously compromised. In Chapter 15, Tores Theorell presents data
obtained in the workplace. The complexity of the factors monitored and the
context of the measurement, as well as the short- and long-term effects, are
all of importance in understanding the effect on health. Theorell’s concern
is to establish relationships of monitored factors that persist and serve as
predictors for the effects of long-term stress.

Chapter 2. Schopenhauer’s Ethics and the Concept of Behavioral
Self-Regulation

Wolfgang Tunner’s precedent-setting treatise articulates his thoughts
on self-regulation as related to the metaphysics of Arthur Schopenhauer.
Self-regulation, as defined, means the functioning of behavior and physi-
ology without external assistance. Self-regulation becomes possible only
when one can predict and control his internal psychological and physi-
ological activities. Tunner directs us to define what “self” really means—
which, in turn, he acknowledges is impossible. The intent to control is
goal-directed; therefore, it leads us from the present to the future. The
uncertainty of one’s ability to accomplish the task leads to a basic insecur-
ity and concern over whether self-control will work or not.

The intentionality of self-control is equated to Schopenhauer’s concept
of Will. The short “Gedankenexperiment” in which the audience at the
conference participated cannot be captured by words. If one directs his or
her attention to the activity of inner organs, eliminates the sources of
expectation, and takes things as they appear, a feeling of being alive—
uniquely alive and different from all others—becomes for that moment the
only fact without doubt. Schopenhauer’s metaphysics begins at this point
of certainty. Tunner skillfully guides the reader to the realization that the
constant struggle for existence and pleasure is the Will. Self-control, then,
can be viewed as a free decision of will. The ethic of will is not based on the
“you should” that is demanded of reason, but rather on the feeling of
compassion. Science shows how we function, while metaphysics allows
the development of ideas to determine whether our functioning makes
sense. Tunner affords the readers of this chapter an opportunity to relate
their scientific concepts of self-regulation to Schopenhauer’s philosophical
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framework. Whether the resulting conjunction makes sense or not will be
dependent on individual Will.

II. Disorders of the Central Nervous System
Chapter 3. Biofeedback of Slow Cortical Potentials in Epilepsy

This chapter by Niels Birbaumer, Brigitte Rockstroh, Thomas Elbert,
Peter Wolf, Andreas Diichting-R6th, Martin Reker, Irene Daum, Werner
Lutzenberger, and Johannes Dichgans focuses on their research directed
at the approximately 20-50% percent of patients with seizures who do not
respond to antiseizure medication. The authors describe a procedure that
relies on biofeedback and instrumental conditioning of surface-negative
slow cortical potentials (SCPs). The SCP is understood to represent the
extent to which apical dendrites of the cortical pyramidal cells are depolar-
ized and therefore to indicate cortical excitability. The contingent negative
variation (CNV), a slow negative shift in electrical potential, is one of the
brain’s responses between a warning signal and a second imperative signal
representing expectancy or mobilization of the subject’s brain.

Birbaumer and colleagues hypothesized that patients with seizures
suffer from impaired control over their cortical excitability and decided to
investigate SCP regulation as a means of reducing seizures. Their data
support the hypothesis that abnormal increases in cortical excitability
covary with a risk for seizures to develop. The first study presented
consisted of a group of patients suffering from varied types of drug-
refractory seizures and was conducted in a double-blind setting. The
double-blind protocol was used to assess and rule out the role of placebo
effects. It is unlikely that placebo effects accounted for seizure reduction
secondary to this learning. The second study investigated learned control
over SCPs in a larger group of drug-refractory seizure patients. The results
of the study indicate that the majority of drug-refractory patients did
achieve control over their SCPs after extended biofeedback training and
instrumental conditioning. While learned control over the SCPs can be
strengthened utilizing feedback and instrumental conditioning, not every
patient was able to achieve SCP control and not every patient who did
demonstrate control experienced a reduction in seizures. Only when the
self-control was successfully transferred to the everyday environment was
it effective for seizure reduction.

Continued systematic investigation provides the promise that a
greater understanding of procedures to reduce seizures for these refrac-
tory populations will be attained.
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Chapter 4. The P300 Event-Related Brain Potential in Psychiatric and
Neurological Diagnosis

In his chapter, . P. Rosenfeld provides a definition of the P300 as an
EEG-derived event-related potential (ERP) recordable from the human
scalp using EEG-type electrodes and physiological recording parameters.
The word “event” in the term ERP refers to the external physical or internal
psychological event that causes the deflection in ongoing EEG, defining
the ERP.

Chapter 4 is based on a method called the “oddball paradigm.”
Rosenfeld adapted this paradigm and presents his assumptions why the
P300 appears to represent a psychological event. Thus, it might be utilized
in psychological diagnosis for conditions in which psychological dysfunc-
tion is basic to a neurologically or psychiatrically defined state. Rosenfeld’s
work defines the P300 as a form of lie detector to signify special guilty or
personal knowledge that a subject will behaviorally deny (in an attempt to
escape detection). The neurological and psychiatric applications of this
paradigm are closely related to the forensic applications that are de-
scribed. Rosenfeld believes that this paradigm might be used in the
neurological setting to assess memory loss or to detect whether there is
specific recognition even when there is verbal denial of the ability to recall
or remember.

Another potential use of the P300-based dual-task paradigm is being
considered in Rosenfeld’s laboratory for use in psychodiagnosis. The
potential detection and discrimination of depressed and nondepressed
subjects has already been investigated. Although fewer than ten subjects
were utilized in the first study, the differential effect of the P300 was
positive for such a discrimination. Whether all of Rosenfeld’s assumptions
are empirically validated remains to be determined. Either way, the work is
provocative and offers the reader an opportunity to be at the cutting edge
of the use of the EEG in clinical psychophysiology.

1II. Disorders of the Cardiovascular System

Chapter 5. Type A and Cardiovascular Responsiveness in Italian
Blue Collar Workers

This chapter by Giorgio Bertolotti, Ezio Sanavio, Elisabetta Angelino,
Ornella Bettinardi, Giorgio Mazzuero, Giulio Vidotto, and Anna Maria
Zotti presents a brief review of the Type A behavior literature plus a
description of the authors’ original research on the characteristics of Type
A blue collar workers in Italy. This work is one of the few structured
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interview studies in a Latin country. The authors’ question is whether the
assessment of Type A behavior pattern with the structured interview,
largely confined to the United States and Northern European countries
and to middle class working men, demonstrates a clear link between the
Type A behavior pattern and cardiovascular variables. They also question
whether there is adequate proof that physiological hyperresponsiveness is
indicative of autonomic nervous system activation and, in turn, is a risk
factor for coronary heart disease. Equally critical for all such research is
whether studies conducted in the laboratory hold up when tested in real-
life situations.

Given the lack of structured interview research in Italy, it is interesting
to learn that in a group of blue collar workers in that country, 67% may be
classified as Type A. By comparison, in the United States, one study found
45% Type As among blue collar workers. Such cross-cultural comparison
provides an increased understanding of the possible variables affecting the
condition under study.

The present research employed three different tasks to address the
issue that different behavioral demands might produce different cardio-
vascular responses. The analysis took account not only of the task period
but also of the recovery period following the challenges, the latter perhaps
being of greater use clinically. The findings of Bertolloti's group are not
only relevant to the field of clinical applied psychophysiology in Italy but
also valuable for anyone interested in cardiovascular response.

Chapter 6. Psychological Factors Affecting Ambulatory Blood Pressure in
a High-Stress Occupation

The chapter by David Shapiro, Iris B. Goldstein, and Larry Jamner
confronts the known problems of blood pressure (BP) monitoring, and its
relationship to the establishment of the diagnosis of hypertension, as well
as the onset and assessment of the efficacy of treatment. With 24-hr
ambulatory BP monitoring, the variability of an individual’s BP can be
assessed, a good means of predicting target-organ damage. It is this
variability that is of special interest to the clinical applied psychophysiolo-
gist. Comparison of subjects across more or less fixed variables, such as
age, sex, body weight, level of exercise, and use of caffeine, provides one
level of understanding. By comparing subjects across settings, such as
home vs. work and daytime vs. nighttime, one can also assess the role of
the setting. When subjects are asked to rate themselves for a given event
and a specific BP measurement, individual differences in perception of the
stressfulness of an event or place become clearer.

Shapiro and associates cite a related growing body of evidence that
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job stress might be a primary factor in the etiology of hypertension and
cardiovascular disease. They present their research findings on the assess-
ment of job stress as a contributor to hypertension and cardiovascular
disease for paramedics. First, they assessed both high and low stress as
related to cynical hostility and defensiveness. Next, they assessed the role
of ambivalence and conflicting attitudes to determine whether individuals
who are motivated by social approval would inhibit the expression of such
“sociably unacceptable” behavior. Also assessed and compared were
workdays and days off.

Among other findings, the results of Shapiro’s group indicate that
inhibition of anger and hostility is toxic in hypertension. Both diagnosis
and treatment may be improved by adopting ambulatory BP monitoring
procedures to account for individual differences and reaction to environ-
mental events. Whether such findings will be incorporated into the medi-
cal management of hypertension and cardiovascular disease remains to be
seen. Meanwhile, it is clear that anyone wishing to do quality clinical
applied psychophysiology in the area of essential hypertension cannot
ignore these procedures and findings.

Chapter 7. Mechanisms and Treatment of Raynaud’s Disease and Phenomenon

In this chapter, Robert R. Freedman first reviews the etiology and
distinguishing features for classification of Raynaud’s disease and phe-
nomenon. Research in Freedman'’s laboratory points to a “local fault” that
renders small peripheral blood vessels hypersensitive to local cooling. No
differences were found between patients with primary Raynaud’s disease
and control subjects in their response to a variety of sympathetic stimuli,
such as reflex cooling, indirect heating, and intra-arterial infusion of
tyramine. Freedman demonstrated that a sympathetic nerve block of one
hand did not significantly alter the frequency of vasospastic attacks when
compared to the nonanesthetized contralateral hand. Using a radioisotope
clearance procedure, Freedman further demonstrated that temperature-
feedback-trained vasodilation occurred in finger capillary beds. Also,
sympathetically mediated finger-skin conductance was demonstrated to
increase, rather than decrease, during temperature training. By measure-
ment of circulating catecholamine levels, it was also demonstrated that the
assumption of decreased sympathetic activation during temperature-
feedback training is not warranted. It is noted that surgical procedures to
abolish sympathetic influence to control Raynaud’s disease have not been
successful. These findings argue against the role of sympathetic innerva-
tion as the explanation for Raynaud’s disease.

Using brachial artery infusion of a;- and a,-adrenergic agonist, Freed-
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man demonstrates that patients with primary Raynaud’s disease have
increased peripheral vascular o,- and a,-adrenergic receptor sensitivity
and/or density. Thus, the “local fault” appears to be sensitization of
peripheral vascular a,-adrenergic receptors, which can probably also be
induced by emotional stress and corresponding normal catecholamine
elevations. In previous research, Freedman had shown that temperature
feedback was physiologically different from autogenic training or frontalis
EMG feedback. Using the brachial artery infusion model, Freedman
demonstrated that propranolol significantly attenuated vasodilation, but
had no effect on autogenic training. Presented is a comparison of tempera-
ture training, temperature training under mild cold stress, and other
methods.

Freedman’s research demonstrates that previously held assumptions
about Raynaud’s disease are inaccurate. The manner in which this was
demonstrated by this careful researcher is exemplary and sets a standard
for clinical applied psychophysiology. For the clinician treating these
patient populations, a giant step forward has been taken.

IV. Applied Psychophysiology and Respiration

Chapter 8. Sleep-Disordered Breathing: Preliminary Natural History and
Mortality Results

Sonia Ancoli-Israel, Melville R. Klauber, Robert L. Fell, Linda Parker,
Lynne A. Kenney, and Richard Willens provide in this chapter a brief
review of the literature on sleep-disordered breathing, prompting the
question as to how predictive inpatient recordings of apnea status are for
predicting outpatient apnea. The role of breathing must be determined
relative to context to accurately appreciate the implications. The authors
report preliminary results on male patients in a Veterans Administration
Medical Center ward, yielding two major observations: (1) that inpatient
sleep recordings may not be predictive of outpatient apnea status and
(2) that moderate sleep-disordered breathing predicts mortality. Their
results have implications both for assessment and for the necessity to
initiate treatment of sleep-disordered patients.

Chapter 9. Significance of Breathing Awareness and Exercise Training for
Recovery after Myocardial Infarction

In this chapter, Jan van Dixhoorn points out that the treatment of
choice for cardiac rehabilitation has been exercise. The author summarizes
a variety of research suggesting that relaxation can impact positively on
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risk factors for cardiovascular disease as well as related psychological
factors. In van Dixhoorn’s research, the relative effects of a comprehensive
program of exercise, breathing awareness training, and relaxation are
compared with those of exercise alone in a sample of patients recovering
from myocardial ischemia due to exercise. The comprehensive program
enhances heart rate variability and reduces the occurrence of cardiovascu-
lar events, as well as produces psychological improvement. One important
implication of van Dixhoorn’s findings is that sufficient attention to both
sides of the psycho/physiological equation yields measurable benefits in
clinical applications.

Chapter 10. Respiration in Clinical Psychophysiology: How to Assess Critical
Parameters and Their Change with Treatment

Robert Fried outlines in this chapter the respiration physiology that
underlies his work and provides a review of his psychophysiological
respiration profile—affording a comprehensive view of cardiovascular,
pulmonary, temperature, and neuromuscular reactions during rest and
various activities imposed in the clinic. Fried points out that most persons
with psychiatric, psychosomatic, and stress disorders have hyperven-
tilation-related complaints, and it is not coincidental that hyperventilation
symptoms are indistinguishable from these disorders. One problem, of
course, is what is stress? Fried selects Selye’s definition, that stress is the
“nonspecific response of the body to any demand made upon it.” This
definition does not explain the phenomenon but does provide a general
description of what follows chronic exposure to stressors. Fried further
elects to follow the Pavlovian Society’s notion that all nonspecific reactions
begin with an orienting response (OR), whereby activity—especially
breathing—is inhibited and is followed by an excitatory increased meta-
bolic demand for oxygen. Based on his extensive literature review, it is
Fried’s opinion that the body cannot sustain intermittent OR and sympa-
thetic arousal for any considerable time period and still meet the increased
metabolic demand for oxygen. The nonspecific stress response then can be
defined as a specific consequence of increased tissue air hunger.

To better understand how metabolic arousal and homeostatic hypoxia
with chronic lacticacidemia account for this observation, Fried argues, it is
essential that one be more knowledgeable about respiration/ventilation
and the O, and CO, transport systems. He argues that the acid and
alkaline relationship that shifts in this process is the critical variable in
respiration psychophysiology and is dependent on CO, and not O,. Fried
integrates the role of the parasympathetic activity and the respiratory sinus
arrhythmia, which is typically absent before training but may become
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pronounced and involved in changing a breathing style. He presents other
markers that may be significant, one of which is EEG change. Fried argues
that the assessment of the EEG must incorporate the status of appropriate
ventilation.

Based on ten years of clinical and research efforts, Fried has devel-
oped breathing-assessment techniques and protocols as well as therapeu-
tic strategies. He presents assessment and treatment protocols to help the
reader understand how they might duplicate his process. In addition to
his protocols, he presents typical findings that help one to assess whether
one is obtaining results that are similar to those he would obtain in his
clinical research setting.

Chapter 11. Breathing: Physiological Reasons for Loss of Self-Control

In his chapter, P. G. E Nixon first makes the point that respiratory
dysregulation does not appear on its own—rather, dysregulation appears
as one element of the multiple systems disturbances that occur in people
who are stretched beyond the boundaries of their physiological tolerance
by effort and distress. Nixon focuses on arousal as the chief enemy of order
and stability. However, arousal is only one end of the spectrum, and it has
both positive and negative effects. The inference is, of course, that the
lower end of the physiological spectrum can have a similar positive or
negative benefit. Nixon observes that when one goes beyond the physio-
logical tolerance of the individual, there is likely to be homeostatic degra-
dation, catabolic disorders, and acceleration of entropy.

Nixon believes that the performance—arousal curve appears to be the
most useful model for solving the riddles of failure of respiratory self-
control. For those individuals who fail to accommodate to distress, the loss
of order, stability, and control of the internal milieu results in a continuing
spiral downward of failures to adequately compensate for the expendi-
tures of the resources of the body. Failure to resolve the stress and recovery
phase leads to a hypersensitivity to any stimulation with increased reac-
tivity.

Nixon believes that two phases correspond with and are probably
caused by biphasic neuronal responses to hypocapnia. The early phase
generates anxiety and stimulates breathing to any given level of carbon
dioxide in the blood. The catabolic shifts that take place in high arousal
states add to the burdens of effort in distress, which consequently encour-
ages further hyperventilation. It is probable that hyperventilation-related
cardiac disorders are generated in the first phase and the fatigue syndrome
in the second. Sleep provides the opportunity for anabolism, a powerful
promoter of order and stability in the internal systems. Unfortunately,
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inadequate ventilation during sleep often reduces the anabolic effect. This
leads to further changes affecting the brain and the sleep cycle itself, and
again another vicious cycle leads to further disregulation.

Nixon points out that in assessment, one must keep in mind that the
loss of control of breathing behavior is likely to present so that further and
greater sustained effort is exerted—trying harder only makes the condi-
tion worse. To assess patients, Nixon employs the physiological measures
of the clinical capnograph, which continually records the partial pressure
of the carbon dioxide in the exhaled air drawn through a fine plastic tube
held by a light headband in one nostril.

The reductionistic approaches of conventional medicine to hyperven-
tilation have yielded little of value for everyday diagnosis and manage-
ment. By using Nixon's suggested systems approach, with a modified
performance arousal curve, one can look at hyperventilation as a marker of
loss of order and stability of the internal systems through failure of
homeostatic and cognitive control. His procedure not only provides a
methodology for assessing performance but also offers a means of assess-
ing treatment effects.

V. Neuromuscular Disorders

Chapter 12. Psychophysiological Methods in the Assessment and Treatment of
Chronic Musculoskeletal Pain

Herta Flor and Niels Birbaumer point out in their chapter that the
psychophysiological assessment of chronic musculoskeletal pain, specifi-
cally chronic lower back pain, has become very popular over the last
decade. Bilateral asymmetries, abnormal resting tension levels, abnormal
movement patterns, and an abnormal reactivity to stressors have all been
investigated. However, there have been few attempts to apply psycho-
physiological theories to the study of chronic musculoskeletal pain. The
authors have begun to address the aforementioned issues as well as to
establish a program of research based on hypotheses regarding psycho-
physiological specificities that may contribute to the development or
maintenance of chronic pain or to both.

Two theoretical concepts are identified as having value in the study of
the psychophysiology of musculoskeletal pain. The first is that respondent
conditioning of tension and pain serves as a basic mechanism for the
development of chronic musculoskeletal pain syndromes. Based on this
model, it is assumed that pain leads to reflex muscle spasms and sympa-
thetic activation that can become conditioned to innocuous stimuli present
in the pain-eliciting situation. It is believed that over time, the increases in
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muscle tension are frequent and of sufficient magnitude and duration that
these physiological processes lead to persistent pain and suffering. Often,
this newly acquired pain is unrelated to the original source of pain,
although the patient may attribute it to its original pain-eliciting event. Flor
and Birbaumer examine this model to demonstrate that muscle tensions
can be classically conditioned, that the obtained muscle tension levels
induce pain, and that chronic pain patients overreact physiologically to
stimuli associated with the original pain episode.

The second theoretical concept examined is that of response stereo-
typy (or symptom specificity). It has been suggested that pain patients are
prone to show maximum physiological reactivity in the muscular system
and that this overutilization might induce musculoskeletal pain syn-
dromes. This concept was extended by Sternbach, who noted that pro-
longed return to baseline levels following the response to a stressor might
be more indicative of physiological dysregulation than the amplitude of
the response itself. The focus then becomes to demonstrate whether there
is an increased amplitude and/or duration of the response as a means to
understand the pathophysiology of chronic musculoskeletal pain.

Flor and Birbaumer provide a related series of findings based on their
systematic research. Both chronic back pain and temporomandibular pain
were treated with EMG biofeedback and cognitive behavior therapy as
well as traditional medical treatment. In these studies, biofeedback treat-
ments proved to be the most effective. Thus, it remains the case that
psychophysiological assessments that are based on a sound theoretical
rationale are a useful tool in patient selection for psychophysiological
treatment and are themselves valuable predictors of probable treatment
outcome. While the data are being collected, the clinician remains in the
real-world situation, having to frequently treat pain patients without an
adequate data base. It is felt that this particular chapter will be of benefit in
the process of developing that base.

Chapter 13. Overcoming Learned Nonuse: A New Approach to Treatment in
Physical Medicine

In his chapter, Edward Taub examines the assumptions underlying
any injury to the nervous system or other part of the body that results in an
initial loss of motor ability. A long-term result of these types of injuries
leads to the assumption of two possible outcomes: First is that the injury
permanently destroys an anatomical substrate or structure upon which the
movement was based, and therefore motor function will not return. The
second is that the injured substrate will recover or heal either entirely or in
part, and motor function will then return to the maximum extent permit-
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ted by whatever that underlying restitution of the anatomical substrate
might be.

The purpose of Taub’s chapter is to advance the possibility of a new
mechanism, which he has termed “learned nonuse.” Taub attacks the
assumption that failure to regain motor function can be caused only by a
failure at some anatomical or transmitter level. His notion is that learning
can and is of sufficient influence to explain the deficits. This theory was
developed during Taub’s own research on somatosensory deafferentation
in monkeys. The theory comes from the failure of his findings to explain
the outcomes that followed deafferentation in monkeys. Taub applies his
animals research to human conditions and begins to make parallel obser-
vations at this level. Specifically, Taub begins with deafferentation of one
limb and notes its specific effects on that limb and the sensual failure to
recover. In subsequent research on the bilateral deafferentation of the
upper extremities in monkey, Taub demonstrated that recovery was actu-
ally better than if he had deafferented one limb.

Taub’s initial work demonstrated that contrary to the accepted view,
there are a variety of techniques that can lead monkeys to exhibit purpo-
sive movement of the affected extremity following somatosensory deaffe-
rentation. Thus, he demonstrated that the chained stretch reflexes are not
necessary for the learning and performance of most types of movements in
monkeys. With these findings, he then proceeded to elucidate the mecha-
nism responsible for this phenomenon. Through a series of well-conceived
and systematic experiments, Taub was able to demonstrate that a forced-
use paradigm would lead to increased recovery of the single-limb-
deafferented monkey.

These techniques have been applied to humans. One series of studies
demonstrated that in fact the motor control of the affected limbs could be
readily demonstrated in the laboratory. That is, a human patient could
evidence with electrophysiological feedback control over muscles in an
affected arm. However, it was also found that even though this could be
readily accomplished in the laboratory, it did not generalize to the real
world; the limb was not used and continued to be a dysfunctional extrem-
ity. In humans, Taub demonstrates a learned recovery similar to that of
monkeys. This is done by initiating a forced-use paradigm—restraining
the unaffected limb with a soft sling and thereby forcing the use of the
affected limb. With this technique, it has been demonstrated that in-
creased recovery can be attained and that it will in fact generalize to the
real world. Taub goes on to extend the implications of his theory to other
conditions as well, including pain of a nature such that use of the particu-
lar extremity or engagement in a particular movement results in pain or a
punishment for that attempted function.
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Taub has therefore elegantly clarified an assumption long held to be
true in the relationship regarding the anatomical substrates and the essen-
tial requirements for motor function. He has also advanced the under-
standing of treatment for those conditions, going beyond the assumption
that absence of function is sufficient evidence to indicate that there is a
defect or some absence of anatomical substrate. This particular series of
research studies and this particular theory of learned nonuse go a very
long way in suggesting means for enhancing the quality of life for nu-
merous conditions affected by this phenomenon.

VI. Long-Term Stress

The work environment is one context wherein the interaction of stress
and health is becoming more clearly documented and understood. People
who perform in hazardous environments provide an opportunity to study
the extreme demands placed on human function.

Chapter 14. Quartets in Antarctic Isolation

This chapter by A J. W. Taylor and M. M. Brown presents work on the
preparation and debriefing of a series of four-person parties that wintered
over in the Antarctic each year from 1986 until the present. The purpose of
the work was to detect changes in the health, personality, and social
interaction of these individuals and to relate the findings to those of
previously studied larger isolated groups.

A variety of interesting effects were observed, many of them related
to group dynamics and leadership. The data acknowledged are not accu-
mulated and compared with a matched control group. But this is the
beginning of systematic assessment of these groups, which are originally
assembled for other purposes. This is another opportunity for behavioral
scientists to participate and share their expertise as they have with the
various space agencies and undersea programs.

Chapter 15. Notes on the Use of Biological Markers in the Study of
Long-Term Stress

Finally, Tores Theorell points out in this chapter the possibility of
monitoring in work settings minute changes in blood and urinary concen-
tration of hormones, immunoglobulins, and lipoproteins, as well as blood
pressure and electrical activity of the brain and heart. The shortage of
parameters to monitor is not the problem; quite the contrary, it is the
question of which parameters to select. Whatever parameters are chosen,
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the short-term changes typically associated with a stress reaction are not
the only variables of interest. The relationship of the long-term effects of
stress reactions to health may be more important. What is sought are
relationships that persist despite all the difficulties of day-to-day function
as well as the various mechanisms of adaptation along the way.

Theorell presents findings that afford the opportunity not only to
determine the effects of stress but also to then use that information in a
systematic manner to determine whether prevention can then follow. The
reader will be drawn to the obvious—that the circumstance and the
individual in interaction remain critical to the understanding of the effects
of stress for both immediate and long-term consequences. The continuous
monitoring of blood pressure and heart rate may be especially valuable
tools in the determination of the effects of long-term stress.

Conclusion

The individual chapters of this text are excellent representations of the
quality and type of work undertaken in the area of clinical applied
psychophysiology. This rapidly growing field of theory, research, and
application advances only through the efforts of individual researchers,
individuals who could benefit from even greater opportunity for collegial
exchange and collaboration. In that sense, this series of international
conferences has not lost momentum due to the suddenly transformed
politics of the world, but rather has gained impetus for remaining focused
on the original goals of the meetings. The changing world has increased
the urgency for such international endeavors. Comparisons across differ-
ing cultures offer a unique means of assessing various biopsychosocial
influences on health and well-being. It is possible to learn from our mutual
experiences and to correct for those efforts that prove not to contribute to
health. There exists the possibility of another order for humankind to
follow—one of collaboration through promotion of the well-being of all!



CHAPTER 2

Schopenhauer’s Ethics and the Concept
of Behavioral Self-Regulation

Wolfgang Tunner

I would like to talk to you about philosophy, but by “philosophy” I mean
the metaphysics of philosophy. Metaphysics is the core of philosophy.
The content of metaphysics cannot be comprehended by the human mind.
The great philosophers speak of the incomprehensible. It is the unspeak-
able for which language lacks the word of proof.

On their road to the limits of understanding, philosophers have
made many discoveries, for example, the axioms of logic and mathematics
or the laws of planetary movement. However, these discoveries are not the
primary goal of philosophy.

I'would like to present you with some thoughts on self-regulation, and
I will try to relate these thoughts to the metaphysics of Arthur Schopen-
hauer (1788-1860).

Self-regulation means the functioning of behavior and physiology
without external assistance. A homeostatic system, in which the variable
to be regulated is the structure of the system itself, is a technical exam-
ple of self-regulation. In psychology, self-regulation has in principle the
same connotation: It is the ability to think and behave independently. One
of the problems with self-regulation is that in order to function normally,
self-control is necessary. Self-regulation is possible only if we can predict
and control our internal psychological and physiological activities.

Self-regulation is in a sense like labor: I have to create the conditions
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for work before I can actually work. If hindrances and inhibitions occur,
the problems of self-regulation become clear. Self-regulation seems to be
more an idea than a reality. The ability to regulate one’s self is limited.
Furthermore, if self-control works, it often impedes and obstructs the way
we want to live. This conflict leads us to the question of what “self” really
means. Even though everybody directly experiences the self and every-
body knows that he or she possesses a self, it is impossible to say what it
is. It probably consists of a feeling for the knowledge of our own abilities
and weaknesses and the sum of our present and past experience.

The control we have over ourselves implies that we have to separate
the self. Self-regulation of a highly pleasurable emotion in order to com-
plete certain work is a good example. The impulse to work and the
pleasure impulse are unified in one person. One’s self is the place where
the fight between impulses takes place. The commanding and dictating
part of the self usually identifies itself with the ego. The obeying part is the
emotion. You see, ego and self are not the same. The self consists of all my
abilities and inabilities as they are; the ego has to do with certain intention
that directs itself—as our example shows—against parts of the self.

The intention to control has a further characteristic. It directs the
attention away from the present to the future. Control is always directed
toward a certain goal. Because my intention, “I want, I wish,” does not
mean that I can really do it, basic insecurity and concern arise as to
whether the control will work or not.

To summarize, we may say that self-control separates and splits the
self, directs attention away from the present, and causes concern about
unpredictability. The more I want to control myself, the more my self is
split and the more I am concerned about the future.

Let me now jump to Schopenhauer. His philosophy is highly interesting
in the effort to understand self-control. Schopenhauer based his thoughts
on the philosophy of Immanuel Kant, the holy writings of the Hindu, and
the philosophy of ideas of Plato. Without knowledge of these sources, it is
difficult to understand Schopenhauer. Despite this difficulty, I will try to
illustrate the most important concept of his philosophy: This concept is
WILL. Will is the basis of the axiomatic structure of his philosophy.

I would like to ask you to do a short “Gedankenexperiment” in order
to follow the methodology of the philosopher. The starting point is the
naive and focusing concentration on object-oriented perception. Schopen-
hauer calls it “contemplation.” He totally leaves himself to the impressions
as they are present in the immediate experience. He eliminates the sources
of his expectations and takes things as they appear. If he directs his
attention to the activity of his inner organs, then it becomes clear to him
that there is nothing that is of greater conscious certainty than the feeling
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that arises in this process of concentration. Feeling is directed to nothing
else than the fact that he is alive. It is the basic awareness that cannot be
traced back any further. Life, as his own life and that which can be found
everywhere in nature, is the only unquestionable fact, the only fact
without a doubt. Nothing is as certain as the physical awareness of life.

Since science has shown that our perception does not reflect reality,
and that our sensual experience never leads to certainty, philosophers have
tried to find a pure consciousness that cannot be doubted. Descartes
found this certainty in thinking—the cogito me cogitare, ergo sum. That is an
inner experience for which we need no senses that normally assure us of
reality. Kant, too, saw the last certainty in the thinking ego. For Schopen-
hauer, on the other hand, certainty is not a cognitive activity, but the body-
bounded feeling for the fact that one is alive.

Schopenhauer’s metaphysics begins at the point of this certainty.
Something that is undoubtable must also have undoubtable reasons for its
existence. Just as science searches out the experiences of our sense organs
and our perceptions, metaphysics looks behind this knowledge for a last
certainty. In contrast to science, the philosopher believes that we lack
reason and mental abilities to find the last causes of appearances. Beyond
the limits of reason, there are laws other than those of reason. For reason
we need space, time, and causality. Without these factors, there is no
reasoning and understanding. It therefore seems plausible to assume the
nonunderstandable without space, time, and causality.

For us, things seem real that can be proven by measurement. But what
we experience is real too. The subjective world is real, even without
measurement and number, even if measurement and number contradict
the subjective world. No measurement and no theory can predict what the
fantasy of the subjective world creates. In fantasy, we can totally exchange
the order of spatial and temporal relationships. The nonreversibility of
time is not valid in fantasy. Fantasy is that part of reality that allows one to
think the unreal. Fantasy enables us to have an idea of the metaphysical
causes of appearance. It makes metaphysics possible.

For Schopenhauer, the last causes of everything are all the same; all
suffering and pleasure, even if they appear in totally different individuals
and are separated by time and space, are all the same. Everybody lives in
everybody else, so that all passion of the world has the same basic origin
and returns to this origin. What we perceive and understand from this
basic origin is the realization of WILL. The realization of will is perceived as
the constant struggle for existence and pleasure. In this respect, each
individual is a victim of his or her egotistical drives. It is a strange
contradiction that will, which manifests itself as the fight of life, is viewed
as perfect unity in its basis.



24 2. SCHOPENHAUER AND BEHAVIORAL SELF-REGULATION

Man always acts only on his will, and at the same time acts out of
necessity—thus the affix of the philosopher. This, however, is based on the
fact that he or she is what he or she wants to be. Subjectively, everyone feels
that one does only what one wants. This means only that his or her action
is the pure expression of his or her own being. The same would therefore
be felt by anyone, even the most primitive being in nature if it had had the
power of feeling. If this opinion is correct, then self-control, viewed as a
free decision of will, is impossible. Nevertheless, Schopenhauer proposed
an ethic in which man is free of the urges of his or her egotistical drives.
However, he or she does not base his or her ethics on the “you should” that
is demanded by reason, but on the feeling of compassion.

At this point, I would like to build another bridge to psychology.
Earlier, it was noted that the controlling impulse, “I want to,” divides the
self, distracts attention away from the present, and elicits insecurity with
regard to the success of the action. These are no optimal conditions for the
motivation of self-control. Nevertheless, self-control is possible. The first
reason is that we are capable of learning and that we are imaginative. Self-
control is not present from the very beginning, but is learned over time and
under the influence of imagination. Imagination anticipates reward and
punishment contingent on behavior, no matter how distant it may be.
Second, the disruption of the unity of the self is not only a consequence of
self-control. Emotions and cognitions are naturally created as opposites.
Because there is hunger, eating is pleasurable. Work makes feasts enjoy-
able, and love makes hatred so terrible. Third, self-control does not divide
reason and feelings. Normally, these two cannot be separated. Usually,
there are opposing motives that stem from emotional and rational reasons
and may be judged as positive or negative, depending on the current
attitude. Fear, for example, has a positive factor of curiosity, and love has
the negative factor of exhaustion. Thus, it is possible to say that there are
also pleasurable motives for self-control and that these motives are prob-
ably the reason that self-control sometimes prevails.

If self-control is directed at altruistic actions, ethics is not content with
this latter statement of the psychologist. The ethicist demands an action
that is not founded on one’s own pleasure. Schopenhauer views compas-
sion as the motive for altruistic actions. If I take an action only because of
another, then the other’s joy or suffering must be my own motive. “The
other turns into the last purpose of my will,” writes the philosopher. When
my will becomes that of someone else, then I want his or her joy and do not
want his or her suffering. This implies that I have some kind of identifica-
tion with him or her. The difference between us and the other is to some
extent suspended. Schopenhauer calls this process mysterious because it
is something reason cannot account for. I believe that psychologists have to
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concur with this. From the metaphysical point of view, this mystery can be
an indication that beyond the egotistical struggle of motives there is unity.

Through empathy, one’s self extends into the self of the other. Doing
so appears to be possible if the ego gives up issuing commands. If one has
the conviction that everything is one in the beginning and in the last aim of
our being, it may be possible to have self-control without too bitter a fight
of motives. The opponents no longer seem so alienated in their knowledge
of unity. And this is the condition for an easier reconciliation of motives.
Whatever thoughts and emotions may come into being, they are still
always part of myself.

Metaphysics may be useful in that it influences the everyday conflict
of motives. It is not sufficient to function. It is always important to know
what one functions for. Science has shown how we function, but meta-
physics develops ideas on whether or not it all makes sense—and it is clear
that these ideas influence the way things work.
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PART II

Disorders of
the Central Nervous System

Included in this section are Chapter 3, by Niels Birbaumer and colleagues,
Brigitte Rockstroh, Thomas Elbert, Peter Wolf, Andreas Diichting-Roth,
Martin Reker, Irene Daum, Werner Lutzenberger, and Johannes Dichgans,
and Chapter 4, by J. P. Rosenfeld. The first is on the biofeedback of slow
cortical potentials (SCPs) in the treatment of epilepsy; the second provides
a look at the very recent work on the use of the P300 event-related brain
potential (ERP) in various types of psychiatric and neurological diagnoses.

The presentation by Birbaumer and colleagues in their chapter pro-
vides an overview of several animal and human studies suggesting a link
between abnormal SCPs and epilepsy. These studies support the hypoth-
esis that abnormal increases in cortical excitability are correlated with
epileptic seizures. Relatedly, other studies in Birbaumer’s laboratory show
that with biofeedback, healthy subjects can achieve control of SCPs in a
few sessions of training, but that epileptics have difficulty with this
response. In recent research reported in the chapter, Birbaumer and
associates extend the amount of biofeedback training and obtain positive
results in terms of seizure frequency in some epileptic patients. This
research, as with all of that by Birbaumer’s team, provides a prototype for
the use of applied psychophysiology assessment and training in dealing
with a serious clinical disorder.

Rosenfelds chapter is a fascinating discussion of the use of the
“oddball paradigm” (the presentation of a relatively infrequent stimulus)
to elicit the P300 potential in efforts to diagnose such problems as potential
suicide, depression, schizophrenia, and others. Rosenfeld proposes a
variation on the method, termed the “dual-task paradigm” (providing a
second task that draws off cognitive—attentional resources and reduces
P300 amplitude), to provide better individual assessment of psychiatric
and neurological disorders. Several manipulations yield an effective
means for differentiating subjects undergoing (ischemic) pain stimulation.
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An innovative extension of the technique for psychodiagnosis along the-
matic dimensions is described and simulated using films with differing
attentional value. Rosenfeld’s applied psychophysiology is consistently at
the leading edge of conceptual and technological innovation, and the
studies described here are no exception. The reader will invariable be led
to additional hypotheses for the application of the P300 techniques out-
lined by Rosenfeld.



CHAPTER 3

Biofeedback of Slow Cortical
Potentials in Epilepsy

Niels Birbaumer, Brigitte Rockstroh,
Thomas Elbert, Peter Wolf,
Andreas Diichting-Roth, Martin Reker,
Irene Daum, Werner Lutzenberger,
and Johannes Dichgans

Introduction: Behavioral and Psychophysiological
Treatment of Epilepsy

It remains a pertinent problem that dependent on the type of epilepsy, 20—
50% of patients are not sufficiently controlled with antiepileptic medica-
tion. Alternative approaches such as behavioral treatment have therefore
been explored. The behavioral research was stimulated by a famous single
case study published by Efron (1975) documenting the classical condition-
ing of seizure depression. Reduction in seizure frequency has been re-
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ported following the application of desensitization and extinction proce-
dures (Forster, 1969, 1972, 1977; Rockstroh & Elbert, 1990), self-control
procedures implying self-perception, self-control, and relaxation (Dahl,
Brorson, 1985; Dahl, Melin, & Leissner, 1988; Biihring & Weltek, 1990),
biofeedback of respiratory parameters (Fried, Rubin, Carlton, & Fox, 1984),
and instrumental modification of EEG spectra (Lubar, 1984; Sterman, 1984;
Rockstroh, Elbert, Birbaumer, Wolf, Diichting-Roth, Reker, Daum, Lutzen-
berger, & Dichgans, 1993). For recent overviews, see Birbaumer, Elbert,
Canavan, and Rockstroh (1990) and Elbert, Rockstroh, Canavan, Bir-
baumer, Lutzenberger, von Biilow, and Linden (1991).

Our approach described in this chapter relies on biofeedback and
instrumental conditioning of surface-negative slow cortical potentials (SCPs).
The underlying neurophysiology of SCPs is fairly well understood. SCPs
represent the extent to which apical dendrites of the cortical pyramidal
cells are depolarized and therefore indicate cortical excitability (Elbert &
Rockstroh, 1987; Elbert, 1991). The SCPs originate in the cerebral cortex,
when unspecific excitatory thalamic or intracortical input depolarizes the
apical dendrites (for reviews, see Birbaumer et al., 1990; Rockstroh, Elbert,
Canavan, Lutzenberger, & Birbaumer, 1989). Cortical excitability is regu-
lated according to the constantly varying environmental and metabolic
demands, and feedback mechanisms within the brain control the range of
this excitability.

Overexcitability of cortical tissue, as during seizures, can be initiated
by a transient failure in down-regulating mechanisms and allow an
explosive chain reaction of excitation among neuronal networks (Braiten-
berg, 1978; Elbert & Rockstroh, 1987). Extreme negative shifts that result
from overexcitability of cortical neuronal networks indicate a high risk for
seizures to develop. For example, pronounced negative DC shifts develop
under hyperventilation—a procedure known to increase excitability in
neuronal tissue due to metabolic changes (von Biilow, Elbert, Rockstroh,
Lutzenberger, Canavan, & Birbaumer, 1989; Rockstroh, 1990). Anticonvul-
sants significantly reduce surface negativity in healthy subjects (Rockstroh,
Elbert, Lutzenberger, Altenmuller, Diener, & Birbaumer, 1987; Rockstroh,
Elbert, Lutzenberger, & Altenmuller, 1991).

Animal experiments as well as observations from human subjects
suggest a link between abnormal negative SCPs and epileptic activity. In
the cat, the negative shift with onset of seizure activity in the EEG (induced
by epileptic agents such as pentylentetrazol or penicillin) coincides with
paroxysmal depolarization shifts in cortical neurons (Caspers & Speck-
mann, 1969; Caspers, Speckmann, & Lehmenkuehler, 1984). A wide-
spread negativity appears during generalized seizure activity and is
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followed by a positive repolarization with termination of the seizure.
Patients who undergo an epileptic attack during hyperventilation tend to
exhibit extreme potential shifts exceeding 200 .V (von Biilow et al., 1989;
Chatrian, Somasundaram, & Tassinari, 1968). Slow negative potential
shifts can be considered a sign of cortical excitability, and that excitability
that increases beyond control reduces thresholds for an epileptic attack.
Epileptic patients are vulnerable to cortical excitement that is beyond their
control, and they suffer from an impaired or at least transiently failing
regulation of their cortical excitability. Such a deficit could manifest itself in
an impaired capacity for self-regulation of SCPs.

For the biofeedback of SCPs (the self-regulation paradigm used by
Elbert, 1991; Elbert, Birbaumer, Lutzenberger, & Rockstroh, 1979; Elbert,
Rockstroh Lutzenberger, & Birbaumer, 1980), subjects receive on-line feed-
back of their surface-recorded SCPs and are reinforced for increasing or
reducing their SCPs above or below a prestimulus baseline level depending
on discriminative stimuli. Studies from different laboratories have repli-
cated our original finding that healthy human subjects can achieve “con-
trol” through their SCPs in this paradigm—that is, they produce signifi-
cant differences between required negativity increase and negativity
suppression—within 100-200 training trials (or two training sessions)
without mediation from other physiological systems (for a recent review,
see Rockstroh et al., 1989). A preliminary study with epileptic patients
revealed a reduced ability for self-control compared to healthy subjects—
that is, only 1 of the total 18 patients demonstrated SCP differentiation
within two feedback sessions (Birbaumer, Elbert, Rockstroh, Daum, Wolf,
& Canavan, 1992; Elbert et al., 1991). These results support our hypothesis
that epileptic patients suffer from impaired control over their cortical
excitability (5CPs). It is also of interest whether and to what extent SCP
regulation could be improved if feedback and instrumental conditioning
are extended to many training sessions. Since control over cortical excit-
ability is represented in the regulation and control over surface-recorded
SCPs and since acquisition of SCP control seems to be related to a
stabilization of an impaired excitability regulation in epileptic patients,
then patients should profit from extended training.

Study 1

A total of 14 patients suffering from drug-refractory epilepsy
(complex-focal, grand mal, and absence type of seizures) participated in
28 1-hr training sessions. In a double-blind setting, 7 patients received
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feedback of their vertex-recorded SCPs and were reinforced for system-
atically increasing or suppressing surface negativity relative to the pretrial
baseline level, while another 7 patients received feedback of the activity in
the alpha frequency range (9-15 Hz) and were reinforced for increasing or
reducing the activity in the alpha band depending on the discriminative
stimuli. The same visual feedback was given to both groups, and it was
carefully assessed that patients could not discriminate between SCP and
alpha feedback conditions. The control group served to control for the
specificity of excitability control by means of SCPs. Of the 7 patients, 4
demonstrated SCP control at the end of the training period (Elbert,
Birbaumer, & Rockstroh, 1990; Elbert et al., 1991). Only the group receiving
SCP feedback demonstrated a significant reduction in seizure frequency.
We concluded that nonspecific “placebo” effects of the biofeedback proce-
dure were unlikely to affect seizure frequency.

Study 2

The second study was planned to expand the investigation of the
acquisition of control over SCPs to a larger group of drug-refractory
patients. Because of the evidence that alpha feedback did not affect seizure
frequency in the preceding study, and out of ethical considerations, we
decided not to use a (placebo) control group. In addition to the acquisition
of SCP control and its relationship to a change in seizure frequency,
possible determinants (such as age, medication, type of epilepsy, and
pretraining seizure frequency) of acquisition and learning progress were
evaluated. The methodology is described in detail elsewhere (Rockstroh et
al., 1993); only an overview of the basic procedure is given here.

A total of 25 patients (13 females, 12 males) participated in a standard-
ized training program (age range 15-49 yrs). Patients suffered from
complex-focal seizures (N = 20), secondary generalized grand mal (N = 1),
and petit mal epilepsy or absences (N = 4). The patients’ seizure history
ranged from 3 to 15 years. A minimum of 1 seizure per week was required
for patients to be included in the sample. The average seizure frequency
varied from 1/week to more than 60/week (series of absences) around a
mean of 11.5 (calculated from individual medians during baseline). Pa-
tients with progressive neurological conditions, pseudo- or nonepileptic
seizures, or psychiatric complications were not included in the sample, nor
were patients suffering primarily from attacks during sleep.

Of the 25 patients, 15 were trained at Titbingen University and 10 at the
Epilepsy Center in Bethel, Bielefeld. (Training procedures, data acquisi-
tion, and data analyses were the same at both sites.)
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Medication remained constant throughout the baseline, training, and
follow-up periods. Anticonvulsant blood levels were checked at regular
intervals. Medication regimes were highly variable, ranging from mono-
therapy to regimens with various types of antiepileptics.

Biofeedback Procedure

Within each training session, continuous visual feedback from the
vertex (Cz) SCP was provided to the subject during intervals of 8 sec each
by means of the outline of a rocket ship appearing on a TV screen in front
of the subject (see Fig. 1). Its movements were a linear function of the
integrated SCP referred to the mean of a 4-sec pretrial baseline. Depending
on visual discriminative stimuli (the letters “A” or “B” presented on the TV
screen simultaneously with the feedback stimulus), the subject was asked
to modulate the SCP response in either a negative or a positive direction.
Forward movements of the rocket ship signaled the required SCP shift,
while backward movements indicated inadequate performance. The letter
“A’ signaled that an increase in negativity above the mean of the pretrial
baseline would move the rocket ship forward, while the letter “B” asked for
negativity suppression. On-line artifact-control procedures prevented
movements of the signal from being affected by eye movements, muscular

( \ Feedback

Figure 1. Illustration of the feedback mode.
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artifacts, or tiny electrode displacements. The effects of conditioning or
“transfer of learning” were tested in transfer trials in which only the signal
stimuli (e.g., “A” or “B”) were presented and no feedback was provided.
Each patient completed 28 sessions. Within each session, an initial block of
20 transfer trials was followed by two blocks of 30 feedback trials each,
while the session terminated with another 30 transfer trials. Within each
trial block, “A” and “B” trials alternated pseudorandomly.

Training sessions were held for 2 weeks (two 1-hr sessions per day
with a 2-day break separating each training week). After an intermission of
8 weeks, patients underwent another eight sessions of training (the
“booster” sessions). Sessions 10-28 included playing a radio program
chosen by the subject in order to simulate conditions of real life. Patients
were instructed to practice the acquired SCP during the intermission by
realizing their strategies for SCP control on “X” and “B” trials 5 times per
day for about 5 min each. The year after the “booster” sessions, patients
continued this home practice, which was verified by daily ratings and
regular contacts with the attending staff member. Throughout the entire
time period (from baseline until the end of follow-up), patients kept diaries
specifying seizure frequency and completed a behavior-analysis question-
naire on symptoms, antecedents, and consequences for every seizure.

EEGs were recorded from Cz with a time constant modified to 30 sec
for SCP recording. Vertical eye movements were monitored throughout the
training.

Computers (DEC PDP 11/73) were utilized to acquire and store the
physiological data, to detect artifacts, and to compute the feedback values
on-line. These values were passed via a serial line to a Commodore Amiga
computer, which served to generate the visual feedback.

For every patient, median seizure frequency was calculated for the
baseline period (8 weeks) and for the 1-year follow-up period (beginning
with the end of the 28 training sessions). In order to evaluate factors that
might have caused a change in seizure frequency, the group was divided
into subjects who became completely seizure-free, into those with reduc-
tions, and into those with little or no change in symptomatology. Analyses
of variance with this between-subject factor were computed for (1) the SCP
differentiation achieved under feedback; (2) the amount of transfer, com-
puted as the fraction transfer differentiation divided by feedback differen-
tiation; and (3) the patient variables; age, diagnosis, and seizure frequency
during baseline.

The possible impact of age, medication, and diagnosis on learning
criteria (t-values and regression coefficients for the four different trial
blocks) as well as on the change in seizure frequency was examined by
simple and multiple regressions.
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Learning of Slow-Cortical-Potential Control

Figure 2 illustrates a typical example of SCPs during transfer trials.
Little systematic differentiation in SCP, and often none, was achieved
during the first few sessions, but a significant increase in SCP differentia-
tion was demonstrated toward the end of the training period. Figure 3
shows the mean differentiation (averaged across all 25 patients) between
“A’ and “B” trials, i.e., between required negativity increase and negativity
suppression. Under feedback conditions, differentiation was close to zero
(—1.9 pV) during the first session; it increased to +13.2 wV on the 28th
session.

SCP differentiation across the 28 sessions was significant under all

transfer 1 transfer 2

session 2

session 15
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Figure 2. Example of averaged slow waves during transfer trials from an arbitrarily selected
patient. (—) Required negativity; (----) required positivity. From Rockstroh ef al. (1993).
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Figure 3. Mean differentiation in SCPs (in wV, ordinate) as achieved by the patient group (N =
25) during each of the 28 training sessions (abscissa) under feedback conditions (mean of first
and second feedback block in each session). Each bar represents the group mean of one
session. Note the significant simple and cubic trend indicating the progress of SCP differen-
tiation across sessions and mainly during sessions 21-28. From Rockstroh et al. (1993).

conditions (for the first feedback block: z = 5.2, p < 0.01; the second
feedback block: z = 6.8, p < 0.01; the first and the second transfer blocks: z
= 2.3 and 2.2, respectively, p < 0.05). Of the 25 patients, 17 achieved
significant SCP differentiation under at least one condition (feedback or
transfer); 9 of the 17 demonstrated significant transfer.

Figure 3 illustrates the increase in SCP differentiation under feedback
conditions across sessions, which turned out to be the most pronounced
during the second training period, from sessions 21 to 28. At 4 months
after the end of the training period, generalization of SCP control and
correctness of home practice were evaluated in a session in which patients
are asked to produce “X” and “B” states as they did at home, while the EEG
was monitored. This testing was realized in an office in which the patient
had never been, in order to avoid possible effects of conditioning to
experimental context. However, this examination could not be obtained for
every patient; therefore, the results for the group are not reported. Of the 9
patients that were examined for generalization of SCP control 4 months
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after completion of the training, 5 patients could still produce a systematic
change in their EEG potential when asked to produce the “A” or the “B”
response.

Treatment Effects

The change in seizure frequency and its relationship to SCP control
was analyzed for 18 subjects, because 7 subjects stopped monitoring.
Compared to baseline levels, seizure incidence was significantly lower
during the follow-up period [F (1,17) = 21.7, p < 0.01]. Of the 18 patients, 6
have become completely seizure-free, 7 showed reductions of seizure
incidences compared to baseline, and the remaining 5 did not exhibit
changes in seizure frequency. The frequency distribution of the change in
seizure frequency demonstrates these three groups (see Fig. 4).

While the success in SCP differentiation was in about the same range
in all three outcome groups, the rate of transfer (defined as transfer
differentiation divided by feedback differentiation) was different [F (2,15)

Count

0 .2 4 .6 .8 1 1.2
relative change in seizure frequency

Figure 4. Frequency distribution of the relative changes in seizure frequency, computed as
the fraction of median seizure incidence during the follow-up divided by the median during a
3-month baseline. A value of 0 on the abscissa means that a patient has become seizure-free
during the follow-up period; a value of 1 means that seizure incidence has remained
unchanged. From Rockstroh et al. (1993).
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=4.5, p <0.05]. Compared to patients who did not experience a change in
seizure frequency or to those demonstrating seizure reduction, the trans-
fer rate was 5-20 times higher in patients who became seizure-free.

The type of epilepsy or the amount of medication did not influence
treatment outcome. Patients becoming seizure-free were younger than
members of the other two groups [22 + 3 years vs. 36 + 3 years and 35 £ 5
years, respectively; F (2,15) = 5.0, p < 0.02].

A stepwise multiple regression was performed to explain the variance
in this measure; dependent variables were the criteria for SCP control, age,
diagnosis, amount of medication, and baseline seizure frequency. The
resulting significant multiple correlation of R = 0.82 [F (3,14) = 9.6,
p = 0.01] indicates that 65% of the variance in seizure reduction can be
explained by the SCP differentiation during the second feedback block (t =
4.0, p <0.01), SCP. differentiation during the second transfer block (t = 2.7,
p < 0.05), and age (t = 3.2, p < 0.05). The ability to “transfer” SCP control
into real life seems to be the relevant variable for the reduction in seizure
frequency. The transfer is better achieved by younger patients.

Factors That Determine the Outcome of
the Behavioral Slow-Cortical-Potential Treatment

The majority of drug-refractory patients can achieve control over their
SCPs after extended training involving biofeedback and instrumental
conditioning. In particular, control over SCPs under transfer conditions
covaries with a reduction in seizure frequency. These results support our
theory that surface-negative SCPs indicate cortical excitability, that the
regulation of this excitability is impaired in epileptic patients, and that the
control over one’s own cortical excitability can be strengthened utilizing
feedback and instrumental conditioning.

Not every patient is able to achieve SCP control, and not every patient
who demonstrates reliable SCP control experiences a reduction in seizure
frequency. Only when the self-control is successfully transferred and
applied in the everyday environment is it effective. Age seems to be an
important mediating variable: Younger patients seem to learn and general-
ize SCP control better than the older ones; none of the patients over 35 was
successful. A detrimental effect of age on the ability to achieve self-control
over brain activity has also been suggested by the observations of Sterman
(personal communication). The age effect may be confounded with intel-
lectual deterioration: Sterman reports age-IQ correlations with treatment
success, and Daum, Rockstroh, Birbaumer, Elbert, Canavan, and Lutzen-
berger (1993) found correlations of verbal IQ with learning success in the
present patient sample.
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Apart from various impairing side effects of antiepileptic medication
on psychological functioning (as described by Penry & Rahel, 1986), we
demonstrated dampening effects of two antiepileptic drugs, carba-
mazepine and the benzodiazepine (Clonazepam), on EEG and SCP regula-
tion in healthy humans (Rockstroh et al., 1987, 1991). In study 2, two
patients who became completely seizure-free following SCP training were
not under current antiepileptic medication. On the other hand, some
patients who did not show such substantial changes in seizure frequency
were under heavy and long-term medication.

The present sample was too small and too homogeneous with respect
to type of epilepsy (most patients suffering from complex-focal seizures) to
allow any conclusion about the mediating role of the type of epilepsy for
treatment success.

Motivation of the patient seems to be a crucial variable, but was not
quantified in our studies. The most important variable is training time. For
this study, 28 training sessions within 2 months were chosen. For success-
ful SMR (sensory motor-rhythm) training, 18 sessions (Sterman, Lantz,
Bruckler, & Kovalesky, 1981) and training periods of 4 months (Lubar, 1984)
have been reported. The time needed to learn a specific task varies a great
deal from subject to subject, but unlike motor-skill learning, the simple
rule—the more extensive the training, the higher the skill—seems not to
apply for operant learning of EEG parameters. The present data suggests
that learning occurs in steps rather than smoothly across time.

The evidence that epileptic patients can achieve control over their
SCPs and the evidence that this control can affect seizure frequency, at
least in some patients, encourages us to further explore feedback and
instrumental conditioning of cortical excitability as an alternative and
additional instrument in the treatment of epileptic patients.

Summary

This study aimed at investigating the extent to which the regulation of
excitability in cortical networks, as indicated by surface-negative slow
cortical potentials (SCPs), is impaired in epileptic patients, and the extent
to which training of SCP self-regulation by means of biofeedback and
instrumental learning procedures might affect seizure frequency. A total
of 25 patients suffering from drug-refractory epilepsies (complex-focal,
grand mal, and absence type of seizures) participated in 28 1-hr sessions of
feedback and instrumental conditioning of their SCPs. The subjects’ EEG
were obtained from the vertex. Depending on discriminative stimuli, DC
shifts toward increased or suppressed negativity relative to the pretrial
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baseline were demonstrated by on-line visual feedback during intervals of
8 sec. each. While performance on the SCP self-regulation task was
initially below normal (as compared to healthy subjects), significant in-
creases in SCP control were achieved by the patients across the 28 training
sessions. In 18 patients, at least 1-year follow-up data are available.
Changes in seizure frequency were related to transfer of SCP control, with
6 of the 16 patients becoming seizure-free. Age affected the ability to
acquire SCP control and its impact on seizure frequency.
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CHAPTER 4

The P300 Event-Related Brain
Potential in Psychiatric
and Neurological Diagnosis

J. P. Rosenfeld

The electroencephalogram (EEG) is the record of voltage recorded from the
human scalp (as a function of time) that is thought to be attributable to
underlying cortical (brain) activity. P300 (P3) is an EEG-derived event-
related potential (ERP) recordable from the human scalp using EEG-type
electrodes and physiological recording parameters (for a detailed descrip-
tion, see Fabiani, Gratton, Karis, & Donchin, 1987). The word “event” in
“event-related potential” refers to the external physical or internal psycho-
logical event that causes the deflection (in the ongoing EEG) that defines
the ERP. A quarter of a century ago, the term “evoked potential” was used
to describe EEG deflections caused by external stimuli (e.g., light flashes,
tones). The deflections were known to be related to cortical sensory
neuronal activity occurring synchronously on the arrival in the cortex of
the neuronal activity evoked by the discrete sensory—physical event. It is
now known that other events, i.e., events not of a sensory nature, are also
associable with distinct EEG deflections, and thus the more general term
ERP was developed and understood to include such special cases or
subcategories as sensory evoked potentials. Hillyard (1985) has provided a
concise review of the approximately half dozen well-studied psycho-
logically related ERPs, including the P3 wave.
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There are various ways that P3 can be elicited (for a comprehensive
review, see Fabiani et al., 1987). This chapter is based on the use of one of
these methods, called the “oddball paradigm” (Duncan-Johnson and
Donchin, 1977). In this basic situation, a subject wired for EEG recording
sits in a comfortable chair while a series of (typically) two types of stimuli
is presented in a random order, e.g., a series of high and low acoustical
tones (bright vs. dim light flashes, strong vs. weak hand taps, or other
pairs of stimuli would also work). One of the tones is typically designated
as a task-relevant oddball—say, for present purposes, the low tone. To make
the low tone an “oddball,” its probability is reduced to less than 0.5
(although the series of tones is still presented in a random order). Typically
(and in our situation), the oddball has p = 0.2, whereas the nonoddball
(frequent) high tone has a complementary p = 0.8. To further make the low
tone “task-relevant,” the subject is given a task to perform whenever the
low tone is presented; typically (and in our situation), the subject is
instructed to keep a count of the oddballs.! The ERPs in response to the
oddballs (also called “targets” in the present situation, since a counting
response is required when they occur) are averaged into one accumulating
average ERD, and the frequents (nonoddballs or nontargets) into another.
The typical result of using this situation is seen in Fig. 1, which shows
superimposed, averaged target- and nontarget-evoked entire ERP wave-
forms beginning 100 msec prior to the tone stimulus and ending 1100 msec
later. Figure 1 shows that a large positive deflection occurs in response to
the target oddballs, but not in response to the nontarget frequent tones.
This deflection, which peaks at about 400-450 msec in Figure 1 and which
is largest parietally (Pz electrode) and smallest frontally (Fz), is called the
P3 or P300 response.? The response clearly represents a psychological
event, rather than a physical one; this assertion can be supported in
various ways: First, one could replicate Figure 1 regarding P3 with the
opposite designation of target and nontarget; i.e., it is irrelevant whether
or not the oddball is a physically high or low tone. It matters only that it be
rare (p < 0.5) and task-relevant. Second, one could occasionally substitute
no tone at all for the oddball, and a P3-like deflection would appear where it

IThere are, of course, many variations on this basic set of arrangements that we use for our
purposes (see Fabiani, Gratton, Karis, & Donchin, 1987).
2P300 was the original name of the wave because when first reported (Sutton, 1965), it had a
latency more like 300 msec as opposed to the 400 msec we often see. The precise latency
varies with the physical nature of the stimulus used, other experimental parameters (e.g.,
IT], intensity), and, most important, stimulus evaluation time unique to a given experimen-
tal situation (Duncan-Johnson, 1981). Thus, P300s have been reported at peak latencies of
250-1000 msec. What defines them is the polarity, latency range, and especially scalp
distribution, usually with Pz>Cz>>Fz, as in Fig. 1 (see Fabiani et al., 1987).
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Figure 1. Superimposed group-grand-averaged ERPs in response to oddball targets ( )
and frequent nontargets (-+------- ) from three scalp sites (FZ, CZ, PZ) and the artifact-detector
channel (EOG). The downward-going (positive) wave in the target/oddball ERPs ( 1 in the PZ
waveforms) is P3. The traces are 1200 msec long and begin 100 msec prior to the tone
presentation. P3 thus has a poststimulus latency of about 400 msec and is largest at PZ,
smallest at FZ. From Rosenfeld et al. (1992).

would have appeared had the oddball tone been presented. The absent
tone obviously has no physical properties, but when it “occurs” at the time
that the actual tone was expected to occur, it has the obvious psychological
property of representing something expected but absent.

That P3 represents a psychological event immediately suggests that it
can be utilized in psychological diagnosis for conditions wherein psycho-
logical dysfunction is basic to various states that are definable neuro-
logically or psychiatrically or both. Clearly, this kind of application re-
quires some specification of what the psychological event is that P3
signifies. There is as yet no final, universally accepted answer to this
question. On the contrary, the fundamental meaning of P3 has been
vigorously debated since its discovery (e.g., see Donchin and Coles, 1988).
Despite the controversy, there is agreement that P3 can be successfully
used in specified situations to index various psychological processes that
may inhere in these variously given situations. For example, because P3
is an objectived response to rare meaningful stimuli, it can be used as a kind

3An objective event is publicly confirmable, like a yardstick measurement. It does not depend
on unique subjective experience.
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of lie detector to signify special guilty or personal knowledge that a subject
will deny behaviorally (vocally) in his attempt to escape detection [see
Rosenfeld, Angell, Johnson, & Qian (1991) and papers cited therein]. The
neurological and psychiatric applications of this same paradigm are
closely related to the forensic one. For example, a subject may be trying to
conceal his recent thoughts about suicide. One presents him with the
following series of verbal stimuli: aspirins, antihistamines, antibiotics, Tylenol,
sleeping pills, and the like. If he has been thinking of overdosing with
sleeping pills, he should respond with a P3 to that stimulus. In the neuro-
logical setting, one can help assess the nature of a memory loss by seeing if
there is recognition defined by a large P3 to a stimulus that is behaviorally
(vocally) unrecognized (see also Brandt, 1988).

P3 (amplitude and especially latency) has also been used in the
straightforward oddball paradigm (as described above with tone stimuli)
to attempt diagnosis in aging, schizophrenic, and depressive disorders,
and in other conditions (e.g., Diner, Holcomb, & Dykman, 1985; Grillon,
Courchesne, Ameli, Geyer, & Braff, 1990; Polich, Ladish, & Bloom, 1990;
Syndulko, Hansch, Cohen, Pearce, Goldberg, Morton, Tourtellotte, &
Potvin, 1982). The conceptual foundation of this approach, very simply, is
that whatever the basic meaning of P3 (in the oddball paradigm), it surely
represents cognitive processing, and since there are clear cognitive deficits
in such conditions as aging, Alzheimer’s disease, late-stage AIDS, schizo-
phrenia, and depression, there should be some difference between the P3
responses of normals and persons with these various pathologies. The
literature on this subject is vast; suffice it here to say that while there have
surely been significant group effects reported, the P3 of the simple oddball
paradigm has not produced a clear enough differentiation of well and ill
persons on an individual basis, to be used diagnostically. It is certainly not
implied here that the group effects are without great value, for group
effects do allow rigorous testing of theories of pathogenesis. However,
individual hit rates for diagnostic purposes are another matter.

Some years ago, investigators at the University of Illinois in Champaign—
Urbana utilized a more elaborate variation of the oddball paradigm, called
the dual-task paradigm, to help index the cognitive demands created by
task situations of interest to human engineers (see Donchin, Kramer, &
Wickens, 1986). If, for example, it was desired to see whether a given
simulated flight task was more demanding than another task, the subject
would be called on to perform the oddball (P3-evoking) task at the same
time as he performed the simulated flight tasks to be tested. It was
expected and confirmed that since P3 amplitude indexes cognitive—
attentional resource availability for oddball detection, burdening a subject
with a simultaneous second task would drain some of these resources,
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thereby producing a P3 amplitude decrement, the size of which would be in
proportion to the difficulty of the secondary task.

We reasoned that this basic approach could be readily adapted for
diagnostic applications in all conditions in which oddball-available atten-
tion would be compromised. The first application we attempted was in
pain diagnosis and measurement. We reasoned that the experience of pain
during the oddball task would constitute a cognitive (and perhaps also
emotional) demand that would bring about a reduction in P3 amplitude in
comparison to its ordinary baseline level in the single (no-pain) oddball
task).

In our first study (Rosenfeld & Kim, 1991), we developed a finger-
press pain inducer for the laboratory. It consisted of a dull blade that
pressed down on the nail of the middle finger of a subject’s hand, which
rested palm down on a restraining board. After a baseline (no-pain)
condition in which the subject’s single-task (oddball detection only)
oddball-evoked P3 was obtained, the subject was asked to adjust the
blade-press to a pain tolerance level defined as the maximum painful
pressure he was willing to withstand for two 15-min test periods. In the
first period (“pain only”), the subjects merely endured the pain as the
oddball task was re-presented. In the second period (“pain-tracking”),
subjects were required to track their pain by mentally rating it continu-
ously on a 1-10 point scale. The experimenter would solicit an oral rating
about every minute. Two groups of subjects were actually run: a real-pain
group, run just as described above, and a pain-feigning group. In the latter
group, no actual pain was experienced; the subjects were told to imagine
they were in pain in the pain-only condition and rate their feigned pain in the
pain-tracking condition. The results, for a first study, were encouraging:
Significant differences in oddball-evoked P3 amplitudes between real pain
and pain-feigning groups were obtained during pain tracking (see Fig. 2).
On the other hand, the results were far short of ideal for a number of
reasons: First, there were no significant differences between real- and
feigned-pain groups during the pain-only condition, and this finding was
unexpected. Second, the nature of the laboratory method of pain induction—
the finger press—made it impossible for us to determine whether the
dual-task approach could successfully index the degree of real pain subjects
experienced, since only one level of pain, the tolerance threshold, could be
used. Finally, and perhaps most disappointing and important, although
significant group effects, as noted above, were obtained, the individual
diagnostic (real vs. feigned) classification accuracy (based on P3 amplitude
only) was poor: less than 70% correct.

We therefore did a second study (Rosenfeld, Johnson, & Koo, 1993)
designed to overcome these limitations. In the second study, we used a
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Figure 2. Computer-calculated, oddball-evoked P3 amplitude in real-pain group (0) and
feigned-pain group (®) in first baseline (Bl), last baseline (B2), pain-only (P), and pain-tracking
(T) conditions. From Rosenfeld and Kim (1991).

different method of pain induction, the more familiar ischemic pain-
producing arm cuff. This cuff is ordinarily used clinically for brief periods
to obtain blood pressure. However, when left on for more than 5 min, it
produces a well-documented discomfort that, though harmless, rises to
agonizing levels by 15 min after application. Although subjects could
wiggle in the finger press, even unintentionally, thereby reducing the pain,
and although the finger-press pain did show some habituation, the ische-
mic pain produced by the blood-pressure tourniquet (inflated to about
twice the systolic pressure) is inescapable, consistently mounting, and,
probably for these reasons, much less variable in its noxious effect than the
finger press. The reason we did not use it initially—we obviously were
aware of it—was that it has the inherent confound of pain duration and
intensity. For the second study, we accepted this confound and got the
benefit of its lower variability, plus, of course, the possibility of testing
differing levels of pain, since the ischemic pain is well documented to rise
monotonically as a function of time.
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Again, real-pain and pain-feigning subject groups were run in baseline
conditions, low pain conditions (about 6 min of ischemia pain), and high
pain conditions (about 13 min of ischemia pain). We also utilized the
tracking/no-tracking variable, but this time on a between-subject basis. In
all, there were four groups of subjects: (1) real-pain/nontracking (RP/N), (2)
real-pain/tracking (RP/T), (3) feigned-pain/nontracking (FP/N), and (4)
feigned-pain/tracking (FP/T). Consistent with the finding of our original
study, we found in the real-pain groups a significant difference in P3
amplitude between tracking and nontracking groups in the low-pain
condition. Also in the RP/N group, we found a near-significant difference
(p < 0.06) in P3 amplitude between low- and high-pain conditions; this
latter finding suggests that it will be possible to use this new method to
index amount of pain, not just its simple presence. A novel finding was a
parallel increase (in the RP/N group) in P3 latency from low- to high-pain
conditions. We found robust differences between RP and FP nontracking
subjects in high pain using both P3 latency and amplitude. On this basis,
we developed an index for individual diagnosis in which a subject was
classified as being in real pain if his P3 amplitude decreased and his P3
latency increased from baseline to high-pain conditions; he was classified
as not being in pain otherwise. This time, using this new index, our
diagnostic accuracy reached 91%.

By no means do we think our method for pain measurement is as
finely tuned as it can be, and, of course, there is a major difference
between clinical and experimental pain diagnosis. We remain optimistic
that further study will yield an objective pain index that will add to the
diagnostician’s toolbox.

There is one further potential use of the P3-based dual-task paradigm
(i.e., not the single-oddball paradigm) to be considered here: in psycho-
diagnosis. This application is at a primitive stage of development in our
laboratory. It has the following conceptual foundation: It is assumed that
differing populations of psychiatric subcategories will be differentially
responsive to audiovisual materials—films—of a given subject matter. To
vastly oversimplify, a paranoid individual would be expected to become
much more engaged in a film about a person against whom many others
were plotting than in a film about happy family life. A nonparanoid
person seriously depressed over the recent loss of his family might be
expected to show exactly the opposite pattern of interests. On this basis, it
would be predicted that the paranoid individual watching the plot film
while simultaneously performing the oddball task would show a greater
degree of P3 amplitude reduction than that obtained when watching the
family film. The reason is that he would invest more attention in the plot
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film (and away from the oddball-detection task) than in the family film.
The depressed individual would show the opposite pattern of P3-
amplitude decrements, hence the differential diagnosis.

A first question to be posed, however, en route to such a (hypo-
thetically) good diagnostic instrument is: Can P3-amplitude decrements be
used to index differing attention investments in differentially engaging
films in normals? Answering this first question, by the way, is about as far
as we have gone at the moment. We (Rosenfeld, Bhat, Miltenberger, &
Johnson, 1992) ran five groups of subjects, 11-18 subjects per group. In
three of the groups, oddball probability was 0.22; it was 0.33 in the other
two groups. In each study, the subjects had a baseline/single-oddball-task
run, followed by 15-min viewings of two films, a boring film and an
exciting film, with order counterbalanced. The films were viewed/heard
simultaneously with execution of the oddball task, and they were expected
to cause a drop in oddball P3 amplitude, since they drained attentional
resources, hopefully in proportion to their interestingness. The films were
rated as boring or exciting by a panel of undergraduates, and for each film-
pair used in each study, the ratings of the two films differed at p < 0.05-
0.0001 levels of significance. The sound tracks of the segments of boring
and exciting films used in the study were chosen to be equivalent in sound
level so that any effects would not be trivially attributable to sound
differences, but to genuine differences in film engagingness. The structure
of the entire study is shown in Table 1.

The reason for repeating the same basic study using various boring—
exciting film-pairings was our interest in replicability of the basic effect,
even when using different movies in each hypothesis test. The findings
were most encouraging. There was always a main effect of boring vs.
interesting films on oddball P3 amplitude. The effect was clearer at the
lower than at the higher oddball probability (for reasons discussed in
Rosenfeld et al., 1992). All movies reduced P3 amplitude relative to base-

Table 1. Structure of the Film-Pair Study

Group  Boring film*  Exciting film?*  Oddball probability N

1 AND RAIDERS 0.22 1
2 WHALE GOLD 0.22 16
3 WHALE GOLD 0.33 18
4 AND GOLD 0.22 1
5 AND GOLD 0.33 13

2(AND) “My Dinner with Andre”; (RAIDERS) “Raiders of the Lost Ark”; (WHALE)
“Whales of August”; (GOLD) “Goldfinger.”
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Figure 3. Computer-calculated, oddball-evoked P3 amplitudes in a baseline and two film-
watching conditions. (ANDRE) “My Dinner with Andre,” rated boring; (GOLDFINGER) the
movie of the same name, rated exciting; (ODDPROB) the two oddball probabilities used.
From Rosenfeld et al. (1992).

line. Figure 3 illustrates all these findings, although it shows results for
only the last pair of groups run. An additional, unanticipated positive
result was that the nonoddball (nontarget, frequently occurring) tone-
evoked P3 amplitudes also robustly discriminated boring and interesting
films. This adds yet another index for use with real psychopathology
populations.

We (Leiphart and Rosenfeld, 1991) did one preliminary study of
whether or not films differentially affect oddball P3 ERPs in normal vs.
depressed subjects. The group results were positive, although there were
fewer than ten depressed subjects in this preliminary report. We look
forward to extending this work in the future.
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PART III

Disorders of
the Cardiovascular System

Included in this section are Chapter 5, by Giorgio Bertolotti and his co-
workers, Ezio Sanavio, Elisabetta Angelino, Ornella Bettinardi, Giorgio
Mazzuero, Giulio Vidotto, and Anna Maria Zotti; Chapter 6, by David
Shapiro, Iris B. Goldstein, and Larry Jamner; and Chapter 7, by Robert R.
Freedman. The first chapter includes a brief review of the Type A behavior
pattern literature plus a description of the authors’ original research on the
characteristics of Type A blue collar workers in Italy. The second, on
ambulatory assessment of blood pressure, provides a brief review of the
related literature including studies in the authors’ own laboratory. The
third provides a review of the research on biofeedback and other treat-
ments of Raynaud’s disease—digital vasospasms induced by cold or emo-
tional stressors—and a related discussion of mechanisms for the disorder.

In their chapter, Bertolotti and colleagues make the point that assess-
ment of Type A behavior pattern with the structured interview has been
largely confined to the United States and Northern European countries
and to middle class, working men. Moreover, although a wealth of studies
and related meta-analyses support the view that Type As are more reactive
than Type Bs on many cardiovascular variables, methodological considera-
tions render the link between Type A behavior pattern and cardiovascular
hyperreactivity less than conclusive. In the authors’” own research with a
large sample of Italian blue collar workers reported in this chapter, sub-
jects were classified with the structured interview into Type A and other
behavior patterns. Assessment during baseline and cognitive or noise
stressor tasks yielded no differences in cardiovascular reactivity on any of
the variables. These negative results provide a clear challenge to the
generality of previously reported hyperreactivity in Type A individuals—
perhaps related to cultural differences, subpopulation differences (i.e.,
blue collar workers), or a fundamental weakness in the relationship be-
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tween Type A behavior pattern and cardiovascular responsiveness, among
other possibilities.

In a very clear presentation of some complex material, Shapiro and co-
workers provide in their chapter a useful summary of a number of studies
of the use of ambulatory blood pressure assessment methods in both
research and clinical settings. The advantages of ambulatory assessment
in terms of reliability and enhanced predictive power for cardiovascular
morbidity and mortality are cited. From their own research with para-
medics, the authors outline several personality and situational variables
that were significantly related to blood pressure in natural settings, includ-
ing cynical hostility, defensiveness, and job site. Conflicting and ambiva-
lent expression of hostility appears to be a dominant issue in predicting
elevated blood pressure. The researchers also detail several clinical impli-
cations of their work, including the usefulness of ambulatory assessment
for diagnoses and documentation of treatment effects, as well as the role of
anger and hostile outlook in hypertension. This is a chapter that re-
searchers in the area of essential hypertension will want to attend closely
to for a sample of methods and directions that will impact in a major way of
future research.

Shifting to the peripheral vasculature in his chapter, Freedman con-
trasts two early theoretical conceptions of Raynaud’s disease—Raynaud’s
notion that it is due to heightened sympathetic activity and Lewis’s view
that it is a “local fault” that causes small peripheral blood vessels to become
hypersensitive to cooling. The latter view implies that the disorder will
occur without involvement of the sympathetic nervous system. Freedman
cites a number of studies, including several ingenious experiments in his
laboratory, to support a position on the pathophysiology of Raynaud’s
disease that is closer to Lewis’s position. These studies include demonstra-
tions that temperature biofeedback is superior to therapies aimed at
general sympathetic reduction, that temperature biofeedback induces
vasodilation despite blockade of the sympathetic system in the fingers,
and that there are no changes in circulating catecholamine levels in patients
who are successful in learning temperature increases with biofeedback.
These and other results support Freedman’s contention that Raynaud’s is
caused by hypersensitive peripheral vascular a,-adrenergic vascular re-
ceptors during cooling or emotional stress, rather than by sympathetic
activity per se. Freedman’s research is a model for clinical applied psycho-
physiology and has implications not just for behavioral treatments of
Raynaud’s but also for medical interventions.



CHAPTER 5

Type A and Cardiovascular
Responsiveness in Italian
Blue Collar Workers

Giorgio Bertolotti, Ezio Sanavio,
Elisabetta Angelino, Ornella Bettinardi,
Giorgio Mazzuero, Giulio Vidotto,
and Anna Maria Zotti

Introduction

Since great importance is attached in behavioral medicine and in health
psychology to problems of prevention, it is only right that one of the most
explored areas should be the assessment of psychosocial coronary risk
factors. The best known of these factors is probably the Type A behavior
pattern (TABP), a construct defined as the outcome of a person-situation
interaction that emerges in certain individuals in appropriately stressful or
challenging situations (Friedman & Rosenman, 1959). Since the TABP has
come into use, there have been a host of studies clarifying the construct, its
modes of assessment, and its association with the development of coro-
nary heart disease (CHD). These studies have generated two meta-
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analyses (Booth-Kewley & Friedman, 1987; Matthews, 1988), which lead to
the conclusion that the linkage between Type A and CHD is not partic-
ularly strong and may be considered meaningful only for certain popula-
tions and with certain modes of assessment. Both find that the strength of
the linkage between TABP and CHD varies with the tools of assessment—
significant if the assessment is conducted with the structured interview
(SI), but less so with self-report inventories (Houston, 1988). It also appears
that the value of the SI as predictor is proven in cross-sectional researches
and in population-based prospective studies, but is drastically reduced in
studies conducted on high-risk populations.

The SI is a semistructured interview in which the subject is con-
fronted with questions designed to elicit Type A behavior characteristics
(Rosenman, Friedman, Straus, Wurm, Kositchek, Hahn, & Werthessen,
1964; Rosenman, 1978). Videotape recordings of the interview are then
rated by judges as belonging to the following categories: Al, extreme Type
A behavior; A2, mild Type A or incompletely developed Type A behavior;
X, Types A and B characteristics coexisting; and B, absence of Type A
characteristics. The classification rests chiefly on behavioral features: on
speech and motor stylistics, on the manner rather than the matter of the
responses.

Both the characteristics that define the TABP and the characteristics
tested in the SI are heavily colored by the middle-class American life style.
About 10 years ago, a panel of biomedical and behavioral scientists in the
United States assessed the body of research into coronary-prone behavior
and CHD on behalf of the National Heart, Lung and Blood Institute
(Review Panel, 1981). This authoritative review panel reckoned that the
TABP is an independent coronary risk factor only in employed middle-
aged United States citizens, and the panel was doubtful whether this
construct and the related assessment techniques would be relevant to other
populations. In the past decade, research into the TABP and the SI has
burgeoned outside the United States, signally in Europe. But here again,
the vast bulk of the data comes from Anglo-Saxon countries, very little
from the Latin area. This applied to Italy, too, for only 1 of the 21
prospective studies on which the meta-analysis of Matthews (1988) is
based comes from Italy (De Leo, Caracciolo, Berto, Mauro, Magni, &
Miraglia, 1986); furthermore, in the larger meta-analysis of Booth-Kewley
and Friedman (1987), which includes cross-sectional studies and psycho-
logical variables other than Type A, only 1 of 86 comes from Italy (Maggini,
Guazzelli, Castrogiovanni, Mauri, De Lisio, Chierchia, & Cassano,
1976/1977).

Although there is no adequate proof that physiological hyperrespon-
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siveness indicative of autonomic nervous system activation may be a risk
factor for CHD, numerous researches have examined the psychophysio-
logical responsiveness induced in the laboratory by behavioral or psycho-
logical methods or both (for reviews, see Krantz & Manuck, 1984; Manuck,
Kasprowicz, Monroe, Larkin, & Kaplan, 1989). For example, numerous
studies have found that Type A subjects present larger episodic increases
in arterial pressure, heart rate, catecholamines, and cortisol when con-
fronted with appropriately challenging or stressful tasks. Krantz and
Manuck (1984) considered 37 studies on the association between TABP and
psychophysiological reactivity: 11 found no differences in reactivity be-
tween Type A and Type B, while the others (about 71%) found greater
reactivity among Type A subjects, at least on the cardiovascular and
endocrine measures. A more recent review (Houston, 1988) concludes that
the differences in reactivity between Types A and B emerge on tasks
“moderately high in difficulty,” whereas on tasks of greater difficulty and
incentive, the Type Bs appear to be as aroused as the Type As. In such a
context, it seems that the SI not only predicts reactivity more strongly than
the Jenkins Activity Survey (JAS), the principal self-report inventory for the
assessment of TABP, but also predicts it in a wider range of situations and
laboratory tasks. The meta-analysis procedures (Harbin, 1989) also show
that the SI is a much more effective instrument in this context than is
the JAS.

The main upshot of the Harbin meta-analysis of 71 studies of adult
subjects in situations of psychological challenge (excluding, that is, cold-
pressor testing, body tilt, physical exercise, and other physical challenges)
is that “there is strong evidence for the conclusion that Type As are more
reactive than Type Bs for HR, sBE and dBP” (p. 112), but rather weak
evidence in the case of norepinephrine and insufficient for cortisol and
epinephrine responses. It has been calculated, however, that this meta-
analysis, insofar as it concerns SI and cardiovascular responsiveness,
covers 33 studies for a total of only 509 subjects, and hence a mean of fewer
than 16 subjects per study, a dangerously small number (Ganster, Schaub-
roeck, Sime, & Mayes, 1991). Further, many of these studies were of
postinfarction patients and other clinical populations; the researches on
healthy subjects were mainly of college students, and the criteria of health
were not always clearly stated. Another point to bear in mind is that these
differences in responsiveness, even when statistically significant, are
small—so small that many researchers do not consider them to have a
credible role of mediation in the pathogenesis of CHD.

There are, then, more clinically oriented researchers who emphasize
the complexity of the dynamic interactions that the cardiovascular re-
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sponses may present, pointing out that cardiovascular responsiveness may
manifest in various ways and with various patterns. By this reasoning,
only a small proportion of Type A subjects present an exaggerated autono-
mic response to laboratory challenges; the frequency of these “hot reac-
tors” is thought to be greater among Type A subjects and is rated at about
twice the frequency that occurs among Type Bs (Dembrowski & Mac-
Dougall, 1983, p. 110). If this relative frequency in fact obtains, the custom-
ary statistical analyses, which compare separate parameters of groups of
subjects, might be unsuitable, and a case-by-case categorization might be
preferable.

In short, notwithstanding the wealth of research material available, it
would be premature to conclude that there really is association between
Type A and cardiovascular hyperreactivity.

The study presented in this chapter seeks to determine whether the
TABP as assessed by the current Sl is predictive of cardiovascular reactivity
in a group of Italian blue collar workers of proven cardiological normality.
Since tasks with different behavioral demands may produce different
patterns of cardiovascular responses, we used three tasks, one passive
(noise) and two active, one involving human confrontation (mental arith-
metic) and the other not (interaction concentration test). We expected, first,
greater cardiovascular reactivity changes in the Type A subjects for the two
active stressors only and, second, some evidence of stimulation among
subjects categorized as Type Al—that is, those more inclined to exhibit
anger/hostility, at least during the mental arithmetic task (which involves
human confrontation in contrast to the interaction concentration task,
which does not).

Method

Subjects

The subjects included in this study formed part of a larger sample on
which a previous study had been conducted to determine the relevance of
the workload to the ischemic heart disease risk variables in a steel plant.
All the data were collected in the interval from June 1986 to December 1988.
The subjects, 73 healthy male volunteers aged between 35 and 59 years
(mean 44.18, SD 4), were all living in the area around Bergamo (north
Italy). Their level of education ranged from 5 to 8 years. All were blue collar
workers at the Dalmine SpA plant in Bergamo, which produces steel
tubes. All had undergone a medical examination beforehand. Cardiac
health was assessed on a history, clinical examination, electrocardiogram,
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echocardiogram, and forced exertion on a bicycle ergometer test. All
participants had been informed that the study was an occupational health
survey concerned with disease prevention.

Procedure

Every subject underwent: (1) a structured interview (Chesney, Ea-
gleston, & Rosenman, 1981) in the Psychology Service and (2) a psycho-
physiological profile recording in the Stress Laboratory. Both were con-
ducted on the same day between 09:00 and 12:00 hours. All the structured
interviews, which were videotaped, were administered by a psychologist
(O.B.) who had been in the training course held by Dr. Ray Rosenman at
the Veruno Medical Center in 1985. The SIs were rated independently by
two judges, one of whom (G.B.) had attended Rosenman’s training course
and another (E.A.) who had taken the training course held by G.B. and
O.B. at the Veruno Medical Center. Every subject was categorized as Type
Al, A2, X, or B.

Every subject’s profile was analyzed, based on the curves for the
indices of heart rate and systolic and diastolic blood pressure, one measure
each 60 sec, and the subject was classed as a high (H) or low (L) responder.
The first criterion of H responder was based on the mean rise in one of the
cardiovascular parameters during one or more tasks. For example, any or
any combination of a rise of 20 mm Hg in systolic pressure, of 15 mm Hg in
diastolic pressure, or of 10 beats/min in heart rate classified the subject as
an H responder, and no such rise in any of these parameters marked an L
responder [for the choice of criteria, we drew on Schmidt (1983) and Zotti,
Bettinardi, Soffiantino, Tavazzi, & Steptoe (1991)]. The second criterion
was failure of any one of these cardiovascular values to return to the
baseline during the recovery period, this too classifying a subject as an H
responder.

Equipment and Measures

The psychophysiological assessment was conducted in the Stress
Laboratory, in a soundproof, air-conditioned room (T = 22-24°C, humid-
ity 40-60%). The parameters measured were heart rate (HR), systolic
blood pressure (sBP), and diastolic blood pressure (dBP). The cardiovascu-
lar indices were recorded from a Mingocard 3 electrocardiograph (Sie-
mens Elema) in the standard 12-lead arrangement and an automatic
sphygmomanometer (Siemens model Diasyst TA) for the noninvasive
measurement of blood pressure at set intervals (60 sec). The subject was
placed in a semirecumbent position on the bed and connected to the



60 5. TYPE A AND CARDIOVASCULAR RESPONSIVENESS

equipment for recording the various physiological parameters. An interval
of 10 min was allowed to elapse for adaptation before the test started.
Recording of the psychophysiological profile started with a baseline last-
ing 5 min, followed by administration of the three tasks, each lasting 10
min. Each task was followed by a 5-min rest interval, the last 2 min (4th and
5th) of which ranked as the baseline for the next task. The tasks were set in
the following order: (1) interactive concentration test (ICT), (2) mental
arithmetic test (MAT), and (3) workside noises (WN). The first two tests
have been used repeatedly in the research laboratory on heart disease
patients (Pagani, Mazzuero, Ferrari, Liberati, Cerutti, Vaitl, Tavazzi, &
Malliani, 1991; Tavazzi, Mazzuero, Giordano, Zotti, & Bertolotti, 1984;
Tavazzi, Zotti, & Rondanelli, 1986; Tavazzi, Zotti, & Mazzuero, 1987; Zotti
et al., 1991).

The ICT is a computer-controlled task that does not entail human
confrontation. This attention test is based on a computer program that
controls the sequential presentation of 60 different slides, each containing a
6x 6 matrix of two-digit numbers. Among these numbers, the presence or
absence of two numbers (43 and 63) provides four possibilities (neither
number is present in the slide, both are present, or only 43 or 63 is present).
The participant is requested to press one of four microswitches located on
a handrest according to which possibility the slide presents. The advance-
ment of the slides is accelerated or decelerated by the computer to induce
the subjects to make approximately 50% errors in categorizing the slides. If
no selection is made before the presentation time is over, the computer
program considers this omission an error. By decreasing (or increasing) the
presentation time, the task is made more difficult (or easier). Whenever
there is a mistake, a negative acoustic reinforcement is also given
(Kuhmann, Lachnit, & Vaitl, 1985).

The MAT was performed aloud with three levels of difficulty: serial
subtraction of the number 17 beginning from 1013 for subjects with an IQ
higher than 110, of 7 beginning from 251 for subjects with an IQ of 90-110,
or of 3 beginning from 101 for subjects with an IQ lower than 90 (Wechsler,
1955). By this means, the task is adjusted as far as possible to the subject’s
ability. The subject gives the answer orally, and a psychometric technician
calls out “right” or “wrong”in a harsh, driving tone, pressing the subject to
give the right answer smartly with the continuous presence of human
confrontation and challenge.

WN was produced by tape recordings taken in the workplace, where
smelting, refining, scorching, and flame cutting are carried on. The noises
were low frequency with pure tone at 125 Hz and medium-high frequency
with the possible presence of a pure tone at 4000 Hz. The intensities were
between 90 and 110 decibels.
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Results

The rating on the SI assessment divided the group into the four Type A
behavior patterns (Table 1). Rater concordance (A vs. B) was 85%. In four
cases, a third judge was called in. In all, Type A accounted for 67.1% of the
subjects and the non-A for 32.9%. Table 1 shows that age did not affect the
category to which the subjects belonged. Category X subjects were
grouped with the non-A, i.e., Type B.

The number of subjects analyzed was reduced to 70 because in three
cases, numerous data for the cardiovascular parameters measured during
the psychophysiological profile were missing. All statistical analyses were
carried out using BMDP (Dixon, Brown, Engelman, Frane, Hill, Jennrich,
& Toporek, 1983).

The relation between TABP and physiological responsiveness was
investigated by analysis of variance, both parametric (one-way ANOVA)
and nonparametric (Kruskal-Wallis test), with categories Al, A2, X+B as
independent variables and the following as dependent variables: (1) the
mean values recorded during the baseline (2 min), stress task (10 min), and
recovery (3 min) for the cardiovascular parameters, HR, sBP dBF, and RPP
(rate X sBP product calculated) and (2) the variations in these parameters
during the three tasks, i.e., subtracting the mean value for the 2 min before
the start of the task from the mean value for the 10-min task.

Table 2 lists the baseline, task, and recovery period levels for HR, sBD,
dBPE and RPP. The results clearly indicate that there were no differences in
the cardiovascular parameters across the three groups in any of the periods
considered.

Table 3 supplies an easier, more immediate view of the variations
recorded in the three groups. Inspection of these data reveals that the
mean cardiovascular response to laboratory challenges was substantial for

Table 1. Characteristics of the Study Population

TABP N % Age + SD
Al 15 20.5 43.8 3.5
A2 34 46.6 4.8 3.8
X 15 20.5 43.8 5.0

B 9 12.4 43.4 4.1
Total Mean

73 100 44 4.1
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the mental arithmetic and interaction concentration tests, but not for
workside noise. There were, however, no Type Al vs. A2 vs. non-A
differences in cardiovascular responses.

We then checked whether the high-responder vs. low-responder dis-
tinction in qualitative terms—i.e., on visual inspection of the profile
curves for each subject—would identify a larger number of high re-
sponders among the Type As. Table 4 shows the lack of significant
differences (x? = 0.13, df = 2).

Discussion

This is one of the few structured interview studies in a Latin country.
The principal data on the TABP in an Italian healthy population were
provided by Caracciolo and colleagues, who found a significantly higher
rate of TABP as measured by JAS in a sample of 1465 Italian workers
(assumed to be representative of the whole Italian working population)
than in United States normative groups (Caracciolo, DeLeo, Baserga
Marchetti, Bellaterra, & Molinari, 1987). Another Italian study done by
Zotti and co-workers (Zotti, Ambroso, Ambrosio, Vidotto, Dal Palu, &
Tabhis Gruppo Collaborativo, 1989) studied 373 hypertensive patients
from the International Primary Prospective Prevention Study in Hyperten-
sion (IPPPSH) (IPPPSH, 1984) still on double-blind treatment with or
without beta-blocker, by means of JAS form C. Among the hypertensives,
74% showed a Type A pattern and 25% were in the extreme predictive
interval for CHD according to the Western Collaborative Group Study
(WCGS).

Given the lack of SI research in Italy, it may be of some interest to
know that in a group of 73 blue collar workers, 49 (67%) may be classified
as Type A. All were healthy subjects who had undergone searching

Table 4. Distribution of the Subjects
by Cardiovascular Response and by
Behavior Pattern®

Behavior pattern

Response Al A2 X+B Total
Low 9 19 13 41
High 6 15 1 2
Totals 15 34 24 73

ax?=0.13;df = 2; p = 0.93.
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cardiological examination before being included in the experiment. A
recent term of reference is a United States study of 568 fulltime workers,
63% in blue collar occupations (Ganster et al., 1991): 45% were classified as
Type A and 55% as Type B, and the majority (65%) of those classed as A
were rated Al.

In our study, we recorded sBF, dBE, and HR both at rest and in three
challenging situations in the course of a laboratory test. Analysis of those
parameters shows that subjects rated Type Al, A2, and non-A (X or B) did
not differ from one another either during the rest periods or during the
challenges. The analysis took account not only of the task period but also
of the recovery period following the challenge, since recovery deficits may
serve as a diagnostic index independent of responsiveness and of great use
clinically (Dienstbier, 1989; Ganster et al., 1991). But no Type A vs. non-A
differences emerged here either.

The main aim of this research was to pinpoint the linkage between
TABP and cardiovascular reactivity. As expected, the active stressors (MAT
and ICT) elicited moderately high cardiovascular responses (in some
subjects decidedly high and out of proportion to the physical load of the
test), but contrary to expectations, no Type A vs. Type B difference in
cardiovascular responsiveness emerged. What is more, not even subjects
categorized as Type Al, i.e., those presenting attributes of hostility and
competitiveness, were more stressed by a task involving human confronta-
tion like mental arithmetic then were the others.

We then considered the possibility that stereotyped or idiosyncratic
response patterns might have blurred real differences in responsiveness
across the groups. There was also the possibility that the number of “hot
reactors” present was unequal among the groups but too small to be
reflected in the means of the responses and in statistical differences. We
therefore conducted a qualitative analysis, closely examining each sub-
ject’s set of cardiovascular responses in order to categorize him as a high or
low responder in global terms. This more clinical and detailed categoriza-
tion yielded a similar frequency of high responders among the Type Al,
A2, and non-A groups. We are thus obliged to conclude that our study
affords no support whatsoever for the assumption that Type As (or at least
Type Als) are more responsive than others during the laboratory chal-
lenges with which they were confronted.

The primary explanation for the failure to find a linkage between
TABP and cardiovascular reactivity may lie in the attributes of the study
population, which was Italian, while the TABP construct and the SI were
developed in another cultural context. In the second place, the subjects
studied represented a nonurban population. They all come from the
valleys of Bergamo province, where they live and, more important, have



GIORGIO BERTOLOTTI et al. 67

their unique cultural roots and social values, including solidarity rather
than competitiveness and drive. In the third place, the study population is
strongly marked in terms of language, the Bergamo dialect being among
the most assertive and most accented in our country. They were therefore
probably better able than most to cope with the confrontation of SI tactics.
In the fourth place, the subjects work in a relatively homogeneous
milieu—blue collar workers in the same steel plant and all engaged in
fairly similar jobs connected with steel production. In contrast, it should
be borne in mind that studies of TABP have often focused on businessmen,
professional people, and white collar workers, rather than on blue collar
workers, among whom the TABP and CHD association is highly doubtful.
Further, studies of the TABP and cardiovascular reactivity linkage among
healthy subjects are heavily weighted in favor of college students.

Another point worth emphasizing is that the study subjects (all
volunteers) had been admitted following a cardiological examination,
which certainly purged the research of possible artifacts due to the
presence of subjects with borderline hypertension or other pathological
conditions. In light of these considerations, the failure to find differences
in reactivity is open to three possible interpretations. First, it is conceivable
that the SI is not appropriate for the assessment of TABP in a sociocultural
and linguistic milieu like that of our study. The lack of Sl research in Italy,
and more generally in the Latin area, makes it impossible to have an
opinion on this.

Second, the failure to find differences in reactivity might be due to the
multidimensional character of the TABP construct. TABP is not a unitary
construct, but is made up of several components under a global index.
Some of these components are known to be more associated with CHD
than others, especially those connected with hostility, time urgency
(Chesney et al., 1981), or with some traits in the hostility domain (Barefoot,
Dodge, Peterson, Dahlstrom, & Williams, 1989; Dembroski, MacDougall,
Costa, & Grandits, 1989; Scherwiz, Perkins, Chesney, & Hughes, 1991).
When one goes into the specifics of these components, one finds that some
are more related to cardiovascular reactivity than others (Ganster ef al.,
1991; Houston, 1988). This being so, the current mode of categorization of
the SI may be unsuitable, and some attention may need to be paid to its
components.

The third possibility is that our failure may depend, in some measure,
on the weakness of the association between TABP and cardiovascular
responsiveness. It is recognized that even when significant, the associa-
tion is extremely weak in the general population. Houston (1988, p. 224) is
inclined to rate it close to 0.20. Similarly, Ganster and colleagues (Ganster
et al., 1991, p. 158) recently reported very low correlations (even when
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significant) between Type A (globally defined by means of the SI) and
indices of reactivity in 411 United States workers (male and female, white
and blue collar workers), namely, for HR, 0.02, n.s.; for sBF, 0.12, p < 0.01;
for dBF, 0.08, p < 0.05. Quite possibly this association varies in strength
with linguistic/cultural attributes and socioeconomic and working condi-
tions and ceases to be detectable in somewhat different contexts from the
one in which it was originally found.

Our study suggests some future lines of research. A further analysis
of the SI videotape may be productive, especially looking at indicators of
anger/hostility, such as, for example, the Potential for Hostility rating
derived from the SI (Dembroski, MacDougall, Shields, Pettito, & Lushene,
1978). This might be a test of the hypothesis that specific components of the
SI are the ones genuinely predictive of coronary reactivity. A second line is
a longitudinal prolongation of the study to find out whether the variables
obtained from the SI or from psychophysiological recordings or from
combinations of the two have some prognostic bearing on the health of the
subjects. Whatever the relation between TABP and psychophysiological
responsiveness may be, the combined use of behavioral and psycho-
physiological measures would definitely heighten the validity of a pro-
spective study.

To sum up, as it stands now, our study simply adds one further
example to the minority of studies that have failed to find differences in
cardiovascular responsiveness between Type A and Type B. In our study
population of Italian steel workers subjected to appropriate tests of cardio-
vascular responsiveness, there was no sign whatsoever of hyperrespon-
siveness in Type Als or in those lumped together as Type A. In the present
state of knowledge, this finding suggests that there are limits to the
transferability of the construct TABP and its most valid tool of assessment
(SI) to cultures such as ours, or that the linkage between Type A and cardio-
vascular reactivity may be weaker than was thought, or perhaps both.
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CHAPTER 6

Psychological Factors Affecting
Ambulatory Blood Pressure in
a High-Stress Occupation

David Shapiro, Iris B. Goldstein,
and Larry Jamner

Ambulatory Blood Pressure Monitoring as a Research Tool

Since the first recording of indirect and direct ambulatory blood pressure
(BP) in human subjects (Bevan, Honour, & Stott, 1969; Hinman, Engel, &
Bickford, 1962), the advantages of recording BP in natural settings have
become firmly established. Compared to BP values obtained in a doctor’s
office or clinic, 24-hr ambulatory BP measurements are less likely to give
inflated estimates of an individual’s BP (Burstyn, O’Donovan, & Charlton,
1981; Floras, Jones, Hassan, Osikowska, Sever, & Sleight, 1981; Mancia,
1990); they also offer a more precise means of evaluating the efficacy of
antihypertensive medications (Des Combes, Porchet, Waeber, & Brunner,
1984; Rion, Waeber, Graf, Jaussi, Porchet, & Brunner, 1985) and provide a
better predictor of the development of cardiovascular morbidity and mor-
tality (Cheung & Weber, 1988; Harshfield, Pickering, Kleinert, Blank, &
Laragh, 1982; Pessina, Palatini, Di Marco, Mormino, Fazio, Libardoni,
Mos, Casiglia, & Dal, 1986). These advantages derive from the fact that the
50-100 readings typically obtained in a single 24-hr ambulatory recording
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yield a considerably more stable mean level of BP compared to the two or
three readings obtained in an office examination. The multiple readings
also offer a good means of estimating BP variability in the individual,
another significant correlate of target-organ damage (Parati, Pomidossi,
Albini, Malaspina, & Mancia, 1987). Most important, as compared to
laboratory methods, ambulatory BP measurements are obtained in re-
sponse to a variety of psychosocial situations in circumstances inherently
more realistic and appropriate for the individual. This normality of circum-
stance increases the likelihood of determining how the person’s genetic or
behavioral dispositions may interact with different kinds of challenges in
affecting BP fluctuations that occur during the day. Unlike the laboratory,
however, there is no control over what happens during any one period of
recording or whether the day will be typical and provide multiple in-
stances of representative stressful events. This uncertainty greatly compli-
cates the processing and analysis of the data, although the unique quan-
titative and statistical problems are beginning to be addressed (Clark,
Denby, & Pregibon, 1989).

To date, ambulatory BP studies have focused on the following issues:
presence of a diurnal BP rhythm, effects of activities, and differences
between clinic or casual BP and 24-hr ambulatory BP. There is little
evidence for a consistent diurnal rhythm other than the well-known
reduction in BP during sleep (Clark, Denby, Pregibon, Harshfield, Picker-
ing, Blank, & Laragh, 1987; Pickering, Harshfield, Kleinert, Blank, &
Laragh, 1982; Wallace, Thornton, Kennedy, Pickering, Harshfield, Froh-
lich, Messerli, Gifford, & Bolen, 1984). With regard to activities, higher
levels of ambulatory BP have been obtained at work than at home or during
sleep (Harshfield et al., 1982; James, Pickering, Yee, Harshfield, Riva, &
Laragh, 1988). Particular activities like walking and driving have been
associated with higher levels of pressure than activities like reading and
relaxing (Van Egeren & Madarasmi, 1988). On the issue of clinic vs. 24-hr
BP, clinic or office BP is generally higher on the average when compared
to ambulatory BP in hypertensive patients (Pickering & Gerin, 1988).
In healthy subjects, however, there is no consistent difference between
the two kinds of BP assessments (Fiedler, Favata, Goldstein, & Gochfeld,
1988).

Studies of the variability of ambulatory BP are complicated by wide
individual differences in number and type of activities engaged in during
the day. Moreover, individuals may respond differently because of their
particular perceptions of the stressfulness of the activity or situation
(Langewitz, Ruddel, & von Eiff, 1987). To understand the influence of such
perceptions, subjects are typically asked to rate their experiences and
moods in diaries filled out at each BP measurement or at other times of the
day. Systolic blood pressure (SBP) of hypertensive patients was found to
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vary according to self-reports of emotional state as well as characteristics of
situations (James, Yee, Harshfield, Blank, & Pickering, 1986). In a study of
adolescents, average ambulatory BP was positively associated with experi-
ence of negative emotions (Southard, Coates, Kolodner, Parker, Padgett, &
Kennedy, 1986). However, the concordance between BP and mood or
activity may be positive for some persons and negative for others, thus
accounting for the weak relationships often reported (Sokolow, Werdegar,
Perloff, Cowan, & Brenenstuhl, 1970).

The relative contribution to daytime average levels of ambulatory sBP
and diastolic blood pressure (DBP) of situational changes in one’s mood
and of self-ratings of the stressfulness of situations during the day was
evaluated in a recent study in our laboratory (Shapiro, Goldstein, &
Jamner, 1990). We wished to investigate the extent to which information on
a person’s moods and perceptions of stress during the day would account
for variations in average ambulatory BP levels over and beyond what could
be accounted for by more or less fixed characteristics of the individual,
e.g., sex, age, body weight, habitual level of exercise, and use of caffeine.
Ambulatory BP was recorded at 10-min intervals during two 6-hr daytime
periods in 21 healthy male college students. Subjects made hourly ratings
of their moods during the day. Fixed characteristics of subjects accounted
for up to 50% of the variance in mean levels and variability of BP (Table 1).
Average mood ratings and average change in mood from hour to hour
added significantly to the variance explained in 25% of the analyses,
accounting for an additional 13% of the variance of daytime mean BP levels
and variability.

In this study, subjects were monitored over two days, and average BP
levels tended to be consistent from day to day. However, individual
differences in overall variability of BP during the day were not consistent
over the two days, and the pattern of relationships between mood ratings
and ambulatory BP also differed on the two days. There was no simple
relationship between the positive or negative quality of the particular
moods rated and the ambulatory BP or heart rate values. Of the various
moods studied, average daily self-ratings of degrees of stress tended to be
negatively associated with mean levels of SBF, while variability in anger
ratings during the day was positively associated with variability in DBP.

Although these results indicated that an individuals reactions to
events during the day have an impact on ambulatory BF, it was evident that
our research framework needed to include an assessment of the circum-
stances that obtained during the day as well as of an individual’s behav-
ioral dispositions and characteristic ways of coping with stress. This
strategy was followed in our subsequent research on job stress, in which
we studied a single occupation in which the stressful events are relatively
pervasive and uniform from one person to the next.
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Job Stress and Blood Pressure

Job stress is considered to be a primary cause of hypertension and
cardiovascular disease (Schnall, Pieper, Karasek, Schlussel, Devereux,
Ganau, Alderman, Warren, & Pickering, 1990). Although a direct cause-
and-effect relationship has not been demonstrated, job stress is an impor-
tant factor in investigations of the physical and mental health of workers
(Margolis, Kroes, & Quinn, 1974; Shapiro & Goldstein, 1982). When hours
at work are compared with hours at home during a typical workday,
elevated BP at work reflects physical and emotional demands of the job.
This was found when BP was self-monitored once an hour during the day
in normotensive and hypertensive young men (Theorell, Knox, Svensson,
& Waller, 1985) and when ambulatory recordings were monitored on a 24-
hr basis in hypertensive subjects of both sexes (Harshfield et al., 1982).
However, higher BP at work is not characteristic of all individuals (Harsh-
field, Pickering, Blank, & Laragh, 1986). In addition, hypertensive left
ventricular hypertrophy bears a strong relationship to ambulatory BP
during recurring stress at work as well as to BP obtained at home during a
workday (Baba, Ozawa, Nakamoto, Ueshima, & Omae, 1990; Devereux &
Pickering, 1988). When BP and heart rate were self-monitored once an hour
in healthy white collar workers on both a workday and a nonworkday, BF,
heart rate, and epinephrine levels were significantly elevated during the
day at work (Frankenhaeuser, Lundberg, Fredrikson, Melin, Tuomisto, &
Myrsten, 1989).

Work conditions are particularly stressful if they are characterized by
being both psychologically demanding and having low decision latitude
(Karasek, Russell, & Theorell, 1982). BP at work is definitely higher in
“high-strain” occupations (Theorell et al., 1985). For example, compared to
clerical workers, police officers were characterized by higher casual dBP,
norepinephrine level, and recent life change scores (Ely & Mostardi, 1986).

In a study of casual BP at seven work sites, Schlussel, Schnall,
Zimbler, Warren, and Pickering (1990) found that elevations in BP were
related to work site, lack of a high school education, being male, being
unmarried, and having a clerical occupation. The job stress of complicated
machine operation was a significant predictor of dBP increases (Kawakami,
Haratani, Kaneko, & Araki, 1989). Various characteristics of one’s job, such
as lack of meaningful work tasks, little possibility of seeing results and
taking initiative (Harenstam & Theorell, 1988), little opportunity for pro-
motion and participating in work decisions, and uncertain job future
(Matthews, Cottington, Talbott, Kuller, & Siegel, 1987), all contribute to the
elevation of BP. Ambiguity about job future, dissatisfaction with co-
workers, and dissatisfaction with promotions were associated with preva-
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lence of hypertension, but only among men who suppress anger (Cotting-
ton, Matthews, Talbott, & Kuller, 1986).

Research on Paramedics

We selected paramedics as an occupational group to study because
their job meets the dual criteria of high stress and low decision latitude
(Karasek et al., 1982). Having to deal with life and death medical emergen-
cies under potentially hazardous situations is psychologically demanding,
as is repeated exposure to human tragedy, pressure to perform in uncer-
tain situations, low pay, excessive paperwork, and lack of administrative
support. These factors all contribute to a high incidence of burnout and job
turnover (Dutton, Smolensky, Leach, Lorimor, & Hsi, 1978). Since para-
medics keep careful time-based logs of their emergency calls, we were able
to get precise information on the circumstances in which the ambulatory
recordings were made, allowing us to ascertain the degree to which
specific work situations contribute to changes in BP during the day and
how these changes may be related to characteristic behavioral dispositions
of the subjects. The remainder of this chapter will review selected findings
in our previous research on paramedics and include new data on relation-
ships between behavioral dispositions and BP level and reactivity obtained
from the same subjects on a nonworkday.

The aim of our first study of paramedics was to evaluate the effects of
different work contexts on ambulatory BP with reactivity being assessed
by differences in BP levels between high- and low-stress circumstances.
We then attempted to relate these effects to individual differences in
cynical hostility as measured by the Cook-Medley Hostility Scale [Ho
Scale (Cook & Medley, 1954)]. Scores on the Ho Scale have been shown to
predict increased BP reactivity in situations that elicit high interpersonal
conflict or suspiciousness and mistrust (Hardy & Smith, 1988; Suarez &
Williams, 1989; Weidner, Friend, Ficarrotto, & Mendell, 1989). Cynical
hostility has also been identified as a significant risk factor for coronary
heart disease morbidity and all-cause mortality independent of other risk
factors (Barefoot, Williams, & Dahlstrom, 1983; Barefoot, Dodge, Peter-
son, Dahlstrom, & Williams, 1989; Williams, 1987), as well as for the
severity of coronary and peripheral artery disease (Joesoef, Wetterhal,
DeStefano, Stroup, & Fronek, 1989; Williams, Haney, Lee, Kong, Blumen-
thal, & Whalen, 1980). Negative findings regarding these relationships
have also been reported (Hearn, Urray, & Leupker, 1989; Leon, Finn,
Murray, & Bailey, 1988; McCranie, Watkins, Brandsma, & Sisson, 1986).

We examined defensiveness as a second individual behavioral dispo-
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sition. As measured by the Marlowe-Crowne Social Desirability Scale [MC
(Crowne & Marlowe, 1960)], defensiveness represents a coping style
characterized by an orientation away from threatening information and a
denial or minimization of distress and negative emotions. High scores on
the MC, either alone or in combination with low scores of trait anxiety or
anger, have been found to be associated with increased BP and heart rate
reactivity to laboratory stressors in both clinical (Warrenburg, Levine,
Schwartz, Fontana, Kerns, Delaney, & Mattson, 1989) and nonclinical
populations (A. C. King, Taylor, Albright, & Haskell, 1990; Weinberger,
Schwartz, & Davidson, 1979). Moreover, these effects were found to be
independent of gender and other cardiac risk factors, e.g., weight and
smoking history (A. C. King et al., 1990).

The subjects were 33 male paramedics who were studied on a 24-hr
workshift. After completing the Ho and MC scales, they were fitted with
the ACCUTRACKER II (Suntech Medical Instruments, Inc.) ambulatory
BP monitor. The monitor was programmed to operate every 20 min on a
random time schedule. On each operation of the machine, single readings
of sBP and dBP were obtained. The ACCUTRACKER II is about the weight
and size of a Walkman radio, and it is easily attached to one’s belt. Subjects
were given a diary and a countdown watch and instructed on their use. For
each cuff inflation, subjects were instructed to indicate the time and their
location. They were also told that the watch alarm would ring every 2 hr, at
which time they were to rate their mood states and somatic symptoms
since their last diary entry using 15 6-point scales. Subjects were also asked
to rate the same items at the completion of each ambulance run. The work
diary is shown in Fig. 1.

In addition to diaries, subjects submitted copies of their ambulance
run logs, containing detailed information about their activities from the
time they were dispatched to the time their responsibilities were trans-
ferred to hospital personnel. The logs indicate time of departure from the
station, time of arrival at the scene, time of departure for the hospital, time
of departure to the station, and time of arrival at the station. Diary entries
were used to verify events in the record and determine whether subjects
were awake or asleep while at the station. During the 24-hr work period,
paramedics responded to approximately six calls on the average. A single
call took between 10 min (false alarm) and 3 hr. The types of calls were as
follows: bodily complaints, auto accident injuries, other accidents and
injuries, seizures, sudden death, acute illness, domestic fights, psycho-
logical complaints, and false alarms.

To evaluate the effects of cynical hostility and defensiveness, approxi-
mate median scores on the Ho and MC scales were used to divide subjects
into high and low hostility and high and low defensive groups. A signifi-
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UCLA Blood Pressure/Stress Study

TIME § ;5 ACTIVITY LOCATION
BEGAN |3 leop 22at 38iting

P W, 1-8tation 2-Ambulance 3-Onecene
Myss|/yes|\/yes| o-Exsroles 7-Other 4-Hospital 5-Other (exc store)

Complete after each RUN or when CLOCK ALARM sounds
Time:

How much of the following did you experience

since the last cuff-inflation

EXTREMELY
NOT AT ALL MUCH

STRESS 1 2 3 4 5 6
HAPPY 1773734 s g
FRUSTRATED 177277374 s g
ALERT 1 2 3 4 5 &
TENSE NECK &

SHOULDERS 1.2 8 4 5 6
ANGRY/HOSTILE 1 2 3 4 5 6
UNHAPPY 1 2 3 4 5 6
COLD HANDS 17727374 5 s
SAD/BLUE { 2 3 4 5 6
RACING HEART 17273 "4 5 ¢
PLEASANT 1 2 3 4 5 6
FATIGUED 1 2 3 4 5 &
WORRIED/ANXIOUS 1 2 3 4 5 6

Figure 1. Paramedic work diary. During the workday, paramedics filled out the top portion of
the diary on every BP measurement and the bottom portion after each ambulance run or after
each 2-hr period in which an ambulance run did not occur. During a day off, the diary entries
were made appropriate to activities and locations occurring on a nonworkday.
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cant relationship was found for DBP between hostility and work context
(Fig. 2). In the hospital setting, subjects who were high in cynical hostility
showed dBP levels about 4 mm Hg higher than subjects who were low in
hostility. Subjects scoring high in both defensiveness and cynical hostility
showed significantly greater hospital DBP levels (about 10 mm Hg on the
average) than other subgroups of subjects (Fig. 3). These findings extend
previous research reporting increased BP reactivity in highly hostile sub-
jects to situations involving interpersonal conflict (Hardy & Smith, 1988;
Suarez & Williams, 1989).

Moreover, the relationship between cynical hostility and cardiovascu-
lar reactivity was improved by taking defensiveness into account. The
saliency of the hospital setting was confirmed in postexperimental inter-
views with subjects. The paramedics reported feeling challenged by
hospital emergency room physicians and nurses concerning their care of
patients and decisions made in the field as opposed to feeling “more in
control” in the ambulance, where they were alone with patients.

To understand the psychology of individuals who are both highly
hostile and highly defensive, we examined items of the Ho and MC scales.
Responses to the two scales provide an index of a form of ambivalence and
conflicting attitudes, as exemplified in Table 2. In light of society’s disap-
proval of and sanctions against hostile behaviors, individuals who are

‘78 T —
W Hospital
B Ambulance
| ) Station (Awake)
% 16
T ]
8 15 \
e .
2 i
Figure 2. Effects of cynical hostility on DBP _ 741 i
in different work contexts in paramedics dur- ;
ing a workday. For high hostile subjects
(N = 16), hospital DBP was significantly 73 '
higher compared to station and ambulance {
DBP (p = 0.002). None of the three work 7

contexts was significantly differentiated in
the low hostile group (N = 17). Adapted from LOTN HI'G.H
Fig. 2 in Jamner et al. (1991). Cynical Hostility
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Figure 3. Differences among four
subgroups of paramedics, classi-
fied according to high and low
scores on cynical hostility (Ho)
and defensiveness (MC) scales.
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motivated toward gaining social approval would be expected to inhibit the
expression of such “unacceptable” behavior (Kiecolt-Glaser & Greenberg,
1981). If coupled with a world-view that others are out for themselves and
not to be trusted, this tendency might have the effect of making the
individual more conflicted or ambivalent about expressing hostility. Thus,
conflicting and ambivalent attitudes about the expression of hostility,
rather than hostility per se, may be a critical psychological mechanism of
increased BP reactivity. This conclusion is in broad agreement with recent
findings on the psychological and physiological effects of conflict over
emotional expression and of the matching of one’s preferred anger coping
style with the type of anger expression (Engebretson, Matthews, &
Scheier, 1989; L. A. King & Emmons, 1990).

We also examined relationships between the 24-hr ambulatory data
and individual differences in hostility and defensiveness. Mean levels of
SBP when subjects were awake were higher in high hostile than in low
hostile subjects (Fig. 4a). High defensive subjects showed higher awake
DBP than low defensive subjects (Fig. 5a). Furthermore, variability of DBP
during the day while subjects were awake was higher in high than in low
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Table 2. An Index of a Form of Ambivalence and Conflicting Attitudes

Cook-Medley
Hostility Scale

Marlow-Crowne
Social Desirability Scale

Most people inwardly dislike putting
themselves out to help other people.
No one cares much what happens to
you.

It is safer to trust nobody.

When someone does me a wrong, 1
feel I should pay him back just for the
principle of the thing.

Most people are honest chiefly through
fear of being caught.

I have often had to take orders from
someone who did not know as much as

I never resent being asked to return a
favor

I never hesitate to go out of my way to
help someone in trouble.

I would never think of letting someone
else be punished for my wrong doings.

If I could get into a movie without pay-
ing for it and be sure I was not seen, I
probably would do it.

When I don’t know something, I don’t
at all mind admitting it.

I did.

“Listed are items from the Cook-Medley Hostility Scale and the Marlowe-Crowne Social Desirability Scale,
chosen to illustrate ambivalent attitudes and intrapersonal conflict in individuals scoring high on both
scales and tending to agree with items from the two scales.

hostile subjects (p = 0.02). These data suggest that in a social environment
involving frequent interpersonal challenges and demands, hostility affects
BP reactivity to work stressors as well as sustained levels and overall
variability of BP during the day. Frequent exposure to highly stressful
events can potentiate the negative impact on BP of an individual’s disposi-
tion to hostile behavior. A defensive attitude may also contribute to a
chronic elevation in BP.

A 24-hr ambulatory recording was also made in the same subjects on
a day off from their work, which made it possible to examine relationships
between ambulatory data and individual differences in hostility and
defensiveness under presumably less stressful natural conditions. During
the 24-hr period as a whole, there were no overall BP differences between
the nonworkday and a workday (Goldstein, Jamner, & Shapiro, 1992).
Rather than being elevated for the entire 24-hr period, work BP reflected
the relatively high stress associated with specific work contexts, e. g., scene
of an accident, in the ambulance going to the emergency, and hospital
setting. During the day off, awake SBP was higher in high than in low
hostile subjects, the same effect obtained on the workday (Fig. 4b).
Moreover, this difference was almost twice as large as it was on the
workday. High hostile subjects had average SBP levels that were almost the
same on both days (about 135 mm Hg). In contrast, low hostile subjects
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Figure 4. Effect of cynical hostility (Ho) on awake SBP. (a) Awake SBP on a workday
(p = 0.029); (b) awake SBP on a nonworkday (p = 0.007). Number of subjects: Low Ho, 17;
High Ho, 16.

were appreciably lower on the off day than on the workday (125 mm Hg
and 130 mm Hg, respectively). As during a workday, waking ambulatory
BP was higher in high defensive than in low defensive subjects (Fig. 5b).
These differences were stable in the two days.

In general, interactions between behavioral disposition and ambula-
tory BP during a nonworkday are consistent with those obtained during a
workday. Individuals who are highly hostile appear to be consistently
high in BP, whether under specific conditions of work stress or during
situations that obtain on a day off that typically result in reduced levels of
BP for individuals who do not have a hostile disposition. The day-off BP
data did not lend themselves to the analyses of location or situational
context, so we are not able to determine how hostility and defensiveness
interact with degree of situational stress in affecting BP reactivity during
the nonworkday.
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Figure 5. Effects of defensiveness (MC) on awake DBP. (a) Awake DBP on a workday (p =
0.013); (b) awake DBP on a nonworkday (p = 0.021). Number of subjects: Low MC, 16; High
MC, 17.

Clinical Implications

Finally, what are the clinical implications of this research? Despite the
many advantages of ambulatory BP recording discussed earlier, ambula-
tory recordings have not become routine in the assessment and diagnosis
of hypertension. Moreover, consensus committees have not recommended
ambulatory recording as a standard in medical practice (Joint National
Committee, 1988), even though ambulatory BP provides a better index of
target-organ damage and of the progression and mortality of hyperten-
sion. Our findings on the significance of individual differences in hostility
and defensiveness for levels and reactivity of ambulatory BP suggest that it
is useful to assess these behavioral dispositions in evaluating individuals
with high BP: Moreover, the fact of consistently high levels of BP in highly
hostile subjects on both workdays and nonworkdays suggests the utility of
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multiple days of ambulatory recording obtained under varying degrees of
social and environmental stress. It is not that individual traits of hostility
are necessary features in all hypertensive patients. A subgroup of this
disorder may be characterized by “behavioral” or “neurogenic” causation;
other subgroups may have a different etiology (Julius, 1989).

Anger and hostility have been consistently implicated in hyperten-
sion, and the data we have presented provide solid support for this
relationship based on a more extensive evaluation of BP in a natural
setting. Our results are in conformity with the consensus that inhibition of
anger and a hostile outlook are “toxic” in hypertension. These findings
also speak to the issue of “white-coat hypertension” and whether or not
one needs to take seriously the pattern of abnormal clinic BP and normal
ambulatory BP. Individuals with “white-coat hypertension” appear to be
comparable in a way to the subjects we have studied in a high-stress
occupation who are relatively low in their ambulatory BP levels on a
normal workday and clearly lower in their BP on an off day. These are
individuals who are relatively low in hostility. These individuals appear to
be at less risk for the complications of hypertension, as compared to
individuals who are highly hostile. The latter tend to be consistently high
in BP, whether in the clinic or in 24-hr recordings taken on different days.

The assessment of individual differences in defensiveness also has
clinical utility, not only in helping differentiate individuals in conflict over
the expression of anger or hostile feelings, but as a factor accounting
directly for differences in average BP levels. In contrast to the hostility
dimension, which correlates with SBE, defensiveness seems more closely
correlated with DBP.

Another area of clinical application is the assessment of cardiovascular
reactivity as a means of evaluating the efficacy of behavioral or drug
treatments, or both, for hypertension. By and large, clinic or laboratory
psychophysiological assessments using standard stressors have not been
helpful in differentiating treatment effects. In the research reported herein,
BP responses to natural events known to vary in degree of stressfulness
appear to be sensitive to individual psychological characteristics and the
nature of the events. This methodology could well be adapted as a means
of comparing reactivity pre- and posttreatment. For this purpose, addi-
tional research is needed on the assessment of naturally occurring
stressors in varying jobs and life situations and in the refinement of diaries
and self-rating instruments. The methods may also be of value in compar-
ing the effectiveness of different behavioral or drug treatments in terms of
reactivity as well as average levels of BP occurring in everyday situations.
Ambulatory BP recording is a promising method of study in applied and
clinical psychophysiology.
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CHAPTER 7

Mechanisms and Treatment of
Raynaud’s Disease and Phenomenon

Robert R. Freedman

Introduction

Raynaud’s phenomenon is characterized by episodic digital vasospasms
that are provoked by cold exposure or emotional stress or both (Freedman
& Ianni, 1983a). Estimates of its prevalence range from 4.3% of female
respondents to a questionnaire study in North Carolina to 19% of female
patients of general practitioners in the United Kingdom (Weinrich, Maricq,
Keil, McGregor, & Diat, 1990; Simlan, Holligan, Brennan, & Madison,
1990). The corresponding estimates for males were 2.7% and 11%, respec-
tively.

The term Raynaud’s disease denotes the primary form of the disorder, in
which the symptoms cannot be explained by an identifiable disease
process such as scleroderma or another collagen vascular disease. When
the symptoms occur secondarily to another disease, the term Raynaud’s
phenomenon is used.

Etiology

Although the etiology of Raynaud’s disease is not known, two main
theories have been put forth to explain it. Raynaud (1888) thought that
exaggerated sympathetic nervous system activity caused an increased
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vasoconstrictive response to cold, whereas Lewis (1929) felt that a “local
fault” rendered small peripheral blood vessels hypersensitive to local
cooling. Studies of plasma catecholamine levels in Raynaud’s disease
patients have generally not supported Raynaud’s theory. Studies of plasma
epinephrine and norepinephrine in Raynaud’s disease patients have found
levels that in comparison with those in normal persons were higher
(Peacock, 1959), lower (Surwit & Allen, 1983), or no different (Kontos &
Wasserman, 1969). Moreover, microelectrode studies of skin nerve sympa-
thetic activity found no differences between patients with primary
Raynaud’s disease and control subjects during cold-pressor tests or other
sympathetic stimuli (Fagius & Blumberg, 1985).

Research conducted in our laboratory has supported the theory of
Lewis. We found no differences between patients with primary Raynaud'’s
disease and control subjects in their responses to a variety of sympathetic
stimuli, such as reflex cooling, indirect heating, or intraarterial infusions of
tyramine, a compound that causes the indirect release of norepinephrine
from sympathetic nerve endings (Freedman, Mayes, & Sabharwal, 1989).
In the same investigation, we demonstrated that patients had significantly
greater digital vasoconstrictive responses to intraarterial phenylephrine
(an a,-adrenergic agonist) and clonidine (an o,-adrenergic agonist) than
did normal control subjects. These results suggested that patients with
primary Raynaud’s disease have increased peripheral vascular o;- and
a,-adrenergic receptor sensitivity or density or both compared with nor-
mal persons. Several studies of platelet a,-adrenergic receptors also found
increased receptor density in Raynaud’s disease patients relative to con-
trols (Graafsma, Wollersheim, Draste, ten Dam, van Tits, Reyenga, et al.,
1991; Keenan & Porter, 1983; Edwards, Phinney, Taylor, Keenan, & Porter,
1987).

In a subsequent investigation, we induced vasospastic attacks in 9 of 11
patients with primary Raynaud’s disease and in 8 of 10 patients with
scleroderma (Freedman, Mayes, & Sabharwal, 1989). The attacks were
photographed using an automatic camera and scored by three indepen-
dent raters. Two fingers on one hand were anesthetized by local injection
of lidocaine, and the effectiveness of the nerve blocks was demonstrated
by plethysmography. The frequency of vasospastic attacks in nerve-
blocked fingers was not significantly different from that in the correspond-
ing intact fingers on the contralateral hand. These findings clearly demon-
strate that the vasospastic attacks of Raynaud’s disease and phenomenon
can occur without the involvement of efferent digital nerves and argue
against the etiological role of sympathetic hyperactivity.

In vitro studies (Flavahan, Lindblad, Verebeuren, Shepherd, & Van-
houtte, 1985; Harker, Ousley, Harris, Edwards, Taylor, & Porter, 1990) have
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shown that cooling modulates contractile responses mediated by a-adren-
ergic receptors, depending on the species and blood vessels involved. We
therefore sought to determine the effects of cooling on o;- and a,-adren-
ergic responses in Raynaud’s disease patients, using brachial artery infu-
sions of a;- and a,-adrenergic agonists (Freedman, Saharwal, Moten,
Migily, & Mayes, 1993). We studied 17 primary Raynaud’s disease patients
and 12 female normal volunteers. Clonidine HCI and phenylephrine HCl
were administered through a brachial artery catheter while blood flow was
measured by venous occlusion plethysmography in cooled and uncooled
fingers. Cooling potentiated o,-adrenergic vasoconstriction in the patients
(p < 0.05), but depressed this response in the controls (p < 0.01). Vaso-
constrictive responses to phenylephrine were not significantly affected by
cooling, but were significantly greater in the cooled and uncooled fingers
of the patients than in the corresponding fingers of the controls (p < 0.05).
These results suggest that cold-induced sensitization of peripheral vascu-
lar a,-adrenergic receptors constitutes the “local fault” by which cooling
triggers the vasospastic attacks of Raynaud’s disease. Attacks that are
induced by emotional stress can be explained by normal catecholamine
elevations acting on hypersensitive vascular ;- and ay,-adrenergic re-
ceptors.

Some studies have examined the physical properties of the blood in
Raynaud’s disease patients, but have been inconclusive. One investigation
(Pringle, Walder, & Weaver, 1965) found increased blood viscosity and red
blood cell aggregation in Raynaud’s disease patients, although subsequent
investigations failed to confirm these findings (McGrath, Peek, & Penny,
1978; Johnsen, Nielsen, & Skovborg, 1977).

In summary, the most recent evidence strongly suggests that the
vasospastic attacks of Raynaud’s disease are locally triggered by peripheral
vascular a,-adrenoceptors that are hypersensitive to cold. Moreover, since
vascular a;- and a,-adrenoceptors are hypersensitive in Raynaud’s disease
patients in the basal state, normal catecholamine elevations produced by
emotional stress or by reflex cooling can also trigger the vasospastic
attacks.

Raynaud's Disease

Behavioral Treatments

Given the vasoconstrictive nature of the symptoms of Raynaud’s
disease and the ability of normal subjects (Freedman & lanni, 1983b) to
learn to increase peripheral blood flow using behavioral techniques, it was
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logical to employ behavioral procedures in the treatment of this disorder.
In the first controlled study (Surwit, Pilon, & Fenton, 1978), 30 patients
were randomly assigned to receive autogenic training either alone or in
combination with temperature feedback. For a 1-month period, half the
subjects served as a waiting list control group for the other half and then
received treatment. Subjects as a whole showed significant improvement
in response to a cold stress test and reported fewer attacks after treatment.
However, the decline in symptom frequency reported by treated subjects
(32%) did not differ significantly from that reported by the waiting list
controls (10%). There were no significant differences between subjects who
received autogenic training alone and those who also received biofeed-
back. One year later, the cold-stress responses of 19 follow-up subjects
returned to pretreatment levels, although reported symptom frequency
remained the same (Keefe, Surwit, & Pilon, 1979). In a subsequent study of
21 patients (Keefe, Surwit, & Pilon, 1980), no outcome differences were
found among those receiving progressive relaxation, autogenic training,
or a combination of autogenic training and temperature feedback; patients
as a whole showed significant improvements in response to a cold-stress
test and in reported symptom frequency. Another investigation (Jacobson,
Manschreck, & Silverberg, 1979) treated 12 Raynaud’s disease patients
with 12 brief sessions of progressive relaxation alone or in combination
with temperature feedback. Patients generally showed temperature eleva-
tions during training and rated themselves as improved; however, there
were no outcome differences between the two groups.

Up to this point, no controlled group outcome study had been
conducted in which patients were treated with temperature biofeedback
alone. Therefore, we tested the relative efficacy of temperature biofeed-
back (TEMP), temperature feedback conducted under mild cold stress
(TEMPCS), autogenic training, and electromyographic (EMG) biofeedback
(Freedman, Ianni, & Wenig, 1983). For this study, 32 primary Raynaud’s
disease patients were assigned randomly to receive ten 32-min training
sessions in one of these procedures. In addition, since emotional stress is a
factor in some Raynaud’s attacks (Freedman & Ianni, 1983a), cognitive
stress management was employed with half the patients in each group.
Patients were tested for the ability to increase temperature without feed-
back prior to treatment, after treatment, and 1 year later. This was done
both with and without cold stress. All vasospastic attacks were recorded
for 1 month before and 1 year following treatment. In addition, patients
received ambulatory monitoring of finger temperature, ambient tempera-
ture, and ECG for 24 hr prior to treatment and at the 1-year follow-up
evaluation.

During training, TEMP and TEMPCS subjects showed significant
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Figure 1. Finger temperatures averaged across training sessions for subjects given tempera-
ture feedback (A), temperature feedback under cold stress (left hand) (<), EMG feedback (0),
and autogenic training (0). From Freedman et al. (1983), p. 543. Copyright 1983 by the
American Psychological Association. Reprinted by permission.

increases in finger temperature, whereas those receiving EMG feedback or
autogenic training did not (Fig. 1). EMG and autogenic subjects showed
significant declines in EMG levels and reported stress ratings and nonsig-
nificant declines in heart rate, whereas the other groups did not. During
posttraining cold-stress and voluntary control tests, the temperature eleva-
tions of the TEMP subjects were superior to those of the other three
groups. At 1 year later, the TEMPCS group showed the best performance
on the voluntary control test. The change shown by the TEMP group was
still significant, but smaller than that shown previously. Reductions in
reported symptom frequency were greatest for the TEMPCS group (Fig. 2),
followed by the TEMP group, the autogenic group, and the EMG group.
Differences among all four groups were statistically significant. During
1-year follow-up Medilog recordings, greater ambient finger-temperature
differences were needed to produce attacks in TEMP and TEMPCS sub-
jects compared to the EMG and autogenic subjects. The addition of
cognitive stress management had no significant effects on any procedure.
Data from 3-year follow-up showed that the TEMP and TEMPCS subjects
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Figure 2. Reported attack frequencies during the follow-up period, expressed as percentage
change from pretreatment levels, for subjects given temperature feedback (2), temperature
feedback under cold stress (<), EMG feedback (0), and autogenic training (0).

maintained their reported symptom reductions, but there were no longer
significant effects on the voluntary control test (Freedman, lanni, &
Wenig, 1985). The correlation between each subject’s finger temperature
during voluntary control tests and the number of attacks reported during
February of that year was significant (r = —0.54, p < 0.05); subjects with
higher temperatures have fewer symptoms.

We have shown in normal persons (Freedman & Ianni, 1983b) and in
Raynaud'’s patients (Freedman et al., 1983) that the effects of temperature
feedback are physiologically different from those of autogenic training,
frontalis EMG feedback, or temperature feedback with cold stress. Tem-
perature feedback produces digital vasodilation without bradycardia or
decreased EMG levels, whereas the other techniques do produce bradycar-
dia and lower EMG levels but not increased finger temperature. Contem-
poraneous research discovered a B-adrenergic vasodilating mechanism in
the finger that could explain increased digital blood flow in the absence of
decreased physiological arousal (Cohen & Coffman, 1981). We therefore
sought to determine the involvement of this mechanism in temperature
feedback using the brachial artery infusion model. In this study, 18
patients with primary Raynaud’s disease were assigned to receive ten
sessions of temperature feedback or autogenic training using the methods
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of the previous study (Freedman, Sabharwal, Ianni, Desai, Wenig, &
Mayes, 1988). Following training, we showed that vasodilation during
temperature biofeedback was significantly attenuated by brachial artery
infusions of propranolol, whereas saline solution had no effects. There
were no effects of either compound in autogenic training subjects. Using
a radioisotope clearance procedure, we demonstrated that feedback-
induced vasodilation occurred in the finger capillary bed in Raynaud’s
disease patients. This was important, because prior research (Coffman &
Cohen, 1971) had shown that capillary blood flow, as opposed to arterio-
venous shunt blood flow, was most depressed in primary Raynaud’s
patients, particularly during cooling. Patients received 1- and 2-year
follow-up tests of their ability to voluntarily increase finger temperature
and blood flow. The temperature-feedback subjects retained the ability to
significantly increase finger temperature and isotopically measured capil-
lary blood flow at the 1- and 2-year follow-up points. They also showed
average reductions in symptom frequency of 80.5% at the 1-year follow-up
and 81.3% at the 2-year follow-up. The corresponding changes shown by
the autogenic training group were not statistically significant (32.3% at
year 1, 26.3% at year 2).

The only known efferent vasomotor nerves in human fingers are
adrenergic; neurogenic vasoconstriction is caused by the interaction of
released norepinephrine with postjunctional a-adrenergic receptors (Freed-
man, 1989a). The findings presented above therefore raised the question of
whether vasodilation achieved through temperature feedback is neurally
mediated. Therefore, using selective digital nerve blocks, we showed that
feedback-induced vasodilation could still be accomplished despite block-
ade of the sympathetic nervous pathway. This finding was demonstrated in
three separate groups of subjects (Freedman et al., 1988). We also showed
that finger-skin conductance level, which is sympathetically mediated, is
increased rather than decreased during temperature feedback in intact
fingers (Freedman, 1989b).

These findings further questioned the role of sympathetic nervous
system activity during temperature feedback. We therefore measured
circulating catecholamine levels during temperature feedback and auto-
genic training in 31 Raynaud’s disease patients using a Cormed blood
withdrawal pump (Freedman, Keegan, Migdly, Galloway, & Mayes, 1991).
During training, significant finger temperature and blood flow elevations
were shown by temperature-feedback patients, but not by those who
received autogenic training. There were no significant effects whatsoever
for epinephrine or norepinephrine for either group. Small but significant
elevations in heart rate, skin conductance level, and systolic and diastolic
blood pressures were shown by subjects overall; there were no group
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differences for any measure. These findings do not support the role of
decreased sympathetic activation in behavioral treatments for Raynaud’s
disease.

Medical Treatments

Pharmacological treatments for Raynaud’s disease have been re-
viewed elsewhere (Coffman, 1991). Briefly, nifedipine is at present the drug
of first choice for patients with primary Raynaud’s disease. Nifedipine is a
calcium slow channel blocker that reduces the influx of calcium into cells,
thereby decreasing vasoconstriction (Nilsson, 1986). Nifedipine has been
demonstrated to decrease the frequency, duration, and intensity of vaso-
spastic attacks in about two thirds of the primary and secondary Raynaud’s
patients treated (Coffman, 1991).

Since serotonergic vasoconstriction is also present in human fingers,
ketanserin, a serotonergic S, antagonist, has been used with primary and
secondary Raynaud’s patients. However, a very large double-blind study of
primary and secondary patients produced disappointing results (Coff-
man, Clement, Creager, Dormandy, Janssens, McKendry, Murray, &
Nielsen, 1989). The reduction in attack frequency with ketanserin was only
34%, compared with a placebo rate of 18%. There were no changes in the
severity or duration of vasospastic attacks. Moreover, there were no
changes in finger blood measurements during cold or warm conditions.

Surgical sympathectomies have been tried as a means of abolishing
reflex sympathetic activity, but vascular tone generally recovers within a
period of a few weeks (Robertson & Smithwick, 1951). Our recent finding
that vasospastic attacks can be induced in primary and secondary
Raynaud’s patients despite digital nerve blockade raises serious questions
regarding the physiological rationale for this procedure.

Secondary Raynaud's Phenomenon

Behavioral and medical treatments for Raynaud’s phenomenon have
been less successful than those for the primary form of the disorder. In
case studies (Freedman, Lynn, lanni, & Hale, 1981), we showed that
scleroderma patients treated with finger-temperature feedback were able
to increase digital temperature and show some symptomatic improve-
ment. However, a subsequent controlled investigation produced dis-
appointing results (Freedman, Ianni, & Wenig, 1984). In this study, 24
patients who met the classification criteria of the American Rheumatism
Association (now the American College of Rheumatology) for systemic
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sclerosis (Freedman et al., 1983) were randomly assigned to receive ten
sessions of training in either finger-temperature feedback, EMG feedback,
or autogenic training using the procedures of our previous study (Freed-
man et al., 1983). Subjects who received finger-temperature feedback
showed significant increases in finger temperature during training and
during a posttraining voluntary control test, while those who received
EMG feedback or autogenic training did not. Following treatment, how-
ever, no group showed significant reductions in the frequency of reported
vasospastic attacks. There were no group differences in data obtained
during ambulatory monitoring or laboratory cold-stress tests. The reasons
for the failure of temperature feedback to reduce symptoms in sclero-
derma patients are not known. However, it is likely that the underlying
pathophysiology of secondary Raynaud’s phenomenon is different from
that of the primary disease.

Fewer pharmacological studies have been performed on secondary
than on primary Raynaud’s patients. Several small-scale studies (Belch,
Newman, Drury, McKenzie, Capell, & Leibermann, 1983) reported posi-
tive results of prostaglandin 12 and E1 infusions in secondary Raynaud'’s
patients. However, it was necessary to administer the compounds by
intravenous infusion. Most of the studies of the effects of nifedipine on
Raynaud’s disease also included secondary Raynaud’s patients. Although
the results were generally positive, it was not always possible to distin-
guish between primary and secondary patients in some published reports.

Conclusions

Thus far, the most efficacious behavioral treatment for primary
Raynaud’s disease appears to be temperature biofeedback without the
addition of other treatments. Several controlled group outcome studies
showed that primary Raynaud’s patients given temperature biofeedback
alone achieved reported symptom-frequency reductions ranging from
67% to 92%, which were maintained at 2- and 3-year follow-ups. The
addition to temperature biofeedback of other procedures, such as auto-
genic training or progressive relaxation, produced less satisfactory results,
as did the use of progressive relaxation and autogenic training alone.
Research on the pathophysiology of Raynaud’s disease indicates that the
attacks are not caused by sympathetic nervous system hyperactivity, but
probably by the hypersensitivity of peripheral vascular o,-adrenergic
receptors to cooling. These findings question the rationale for sympatho-
lytic treatments for patients with primary Raynaud’s disease. We have
demonstrated that temperature biofeedback does not operate through the
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reduction of sympathetic outflow, but in part through an active p-adren-
ergic vasodilating mechanism. Due to the difficulty of performing invasive
procedures in patients with secondary Raynaud’s phenomenon, less is
known regarding the pathophysiology of their vasospastic attacks. How-
ever, histological studies have shown luminal narrowing due to intimal
proliferation of connective tissue, thickening of the basement membrane,
and fibrosis of the adventitia in these patients (Rodnan, Myerowitz, &
Justin, 1980). In vivo observation of skin capillaries reveals consistent
abnormalities in secondary patients (Maricq, LeRoy, D’Angelo, Medsger,
Rodnan, Sharpe, et al., 1980), and very low levels of finger capillary blood
flow have been shown (Coffman & Cohen, 1971). In light of these findings,
it may be difficult to achieve consistent vasodilation in secondary Ray-
naud’s patients, although further research on this problem should be
conducted.
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PART IV

Applied Psychophysiology
and Breathing

This section includes four chapters. Chapter 8, by Sonia Ancoli-Israel,
Melville R. Klauber, Robert L. Fell, Linda Parker, Lynne A. Kenney, and
Richard Willens, discusses inpatient sleep-disordered breathing as a pre-
dictor of mortality. Chapter 9, by Jan van Dixhoorn, examines the relative
effects of exercise with and without relaxation and breathing therapy as a
treatment for myocardial infarction. Chapter 10, by Robert Fried, describes
the author’s psychophysiological respiration profile and its application to a
number of clinical cases. Finally, in Chapter 11, P. G. E Nixon outlines his
systems approach to the loss of self-regulation in breathing, specifically
hyperventilation, in terms of related disorders and implications for therapy.

The chapter by Ancoli-Israel and associates provides a brief review of
the literature on sleep-disordered breathing, prompting the question as to
the degree to which inpatient recordings of apnea status are predictive of
outpatient apnea. The authors report preliminary results on a number of
male patients in a Veterans Administration Medical Center ward, yielding
two major observations: (1) that inpatient sleep recordings may not be
predictive of outpatient apnea status and (2) that moderate sleep-disordered
breathing predicts mortality. Their results have implications both for as-
sessment and for initiation of treatment in sleep-disordered patients.

In his chapter, van Dixhoorn summarizes a variety of research sug-
gesting that while the treatment of choice for cardiac rehabilitation is
exercise, relaxation can impact positively on risk factors for cardiovascular
disease as well as related psychological factors. In van Dixhoorn’s re-
search, the relative effects of a comprehensive program of exercise, breath-
ing awareness training, and relaxation are compared with those of exercise
alone in a sample of patients recovering from myocardial infarction.
Added breathing/relaxation training was found to reduce myocardial
ischemia due to exercise, to enhance heart rate variability, and to reduce
occurrence of cardiovascular events, as well as to impact on a number of
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measures of psychological improvement. One important implication of
van Dixhoorn’s findings is that sufficient attention to both sides of the
psycho/physiology equation yields measurable benefits in clinical appli-
cations.

Fried’s chapter outlines the respiration physiology that underlies his
work and provides a review of his psychophysiological respiration
profile—affording a comprehensive view of cardiovascular, pulmonary,
temperature, and muscular reactions during rest and various activities
imposed in the clinic. Fried also describes several useful case profiles,
some of which demonstrate effects of clinical interventions using biofeed-
back and other self-regulatory methods for altering breathing. The author’s
work typifies the wealth of assessment strategems available for the clini-
cian working with breathing-related disorders given the current state of
readily available technology in this field.

Nixon describes in his chapter the physiology and some disorders
owing to the catabolic (“downslope”) stage of the performance-arousal
curve when arousal reaches high levels. Nixon maintains that loss of
control over breathing is common in subjects who show an inability to
recover from reactions induced by stress. The clinical capnograph for
assessment of exhaled carbon dioxide is described and applied to several
subjects, showing the effects of hyperventilation under stress. In this
chapter, Nixon provides a convenient summary of reasons for the loss of
self-regulation in breathing and a fitting conclusion for this section of fine
examples of applied psychophysiology in the area of breathing disorders.



CHAPTER 8

Sleep-Disordered Breathing

Preliminary Natural History
and Mortality Results

Sonia Ancoli-Israel, Melville R. Klauber,
Robert L. Fell, Linda Parker, Lynne A. Kenney,
and Richard Willens

Although the description of sleep-disordered breathing (SDB) appeared as
far back as 1877 (Lavie, 1984), clinicians first began recognizing it as a
serious problem only some thirty years ago (Guilleminault & Dement,
1978). SDB is described as respiratory cessation (apnea) or a decrease in the
amplitude of respiration (hypopnea) during sleep. Clinically, there are
often hundreds of apneas and hypopneas seen during the night, accom-
panied by drops in oxygen saturation levels. The apneas and hypopneas
are followed by brief arousals (awakenings) that allow respiration to
resume. Given this pattern, many clinical patients are unable to sleep and
breathe at the same time.

SDB is generally caused by obstructions of the upper airway (obstruc-
tive sleep apnea) or by failure of the respiratory centers in the central
nervous system to stimulate the respiratory muscles (Stradling, 1986;
Remmers, Sauerland, & Anch, 1978). Patients with SDB are frequently
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overweight and often have anatomical abnormalities in their upper airways
(Guilleminault, 1989).

Patients with SDB complain of extreme daytime sleepiness, which
results from both the hypoxemia (Orr, Martin, Imes, Rogers, & Stahl, 1979;
Ancoli-Israel, Kripke, Mason, Dillon, & Fell, 1990) and the multiple awak-
enings that occur during the night (Weitzman, 1979; Dement, Carskadon,
& Richardson, 1978). Other consequences of SDB include loud snoring
(Guilleminault, 1989; Fairbanks, 1987), cardiac arrhythmias (Guillemi-
nault, 1983; Shepard, 1989), hypertension (Kales, Bixler, Cadieux, Schneck,
Shaw, Locke, Vela-Bueno, & Soldatos, 1984; Lavie, Ben-Yosef, & Rubin,
1984), neuropsychological deficits (Moldofsky, Goldstein, McNicholas,
Lue, Zamel, & Phillipson, 1983; Yesavage, Bliwise, Guilleminault, Carska-
don, & Dement, 1985), and perhaps early death (He, Kryger, Zorick,
Conway, & Roth, 1988; Ancoli-Israel, Klauber, Kripke, Parker, & Cobarru-
bias, 1989; Thorpy, 1989; Partinen, Jamieson, & Guilleminault, 1988).

Treatments of SDB currently include continuous positive airway pres-
sure (CPAP) (Sullivan & Grunstein, 1989), a variety of surgeries (Guille-
minault, Riley, & Powell, 1989), mouthpieces designed with the aim of
keeping the airway open (Cartwright, Stefoski, Caldarelli, Kravitz,
Knight, Lloyd, & Samelson, 1988), weight loss (Smith, Gold, Meyers,
Haponik, & Bleecker, 1985; Kryger, 1989), and, at times, medications
(Conway, Zorick, Piccione, & Roth, 1982b; Sutton, Zwillich, Creagh,
Pierson, & Weil, 1975; Conway, Roth, & Zorick, 1982a).

The true prevalence of SDB in younger adults is still being assessed.
As part of an ongoing study, Kripke, Ancoli-Israel, Mason, and Mowen
(1991) reported that 6 of 65 (9%) of middle-aged adults had desaturated
more than 4% a total of 20 or more times per hour on each of three nights
recorded, which might indicate moderate or severe breathing disturbances
during sleep. In a review of the epidemiology of SDB in the elderly, Ancoli-
Israel (1989b) showed that the prevalence reported has ranged from 24% to
75% in healthy older people and from 19% to 42% in older patients. In one
of the most extensive studies, of 427 randomly selected, representative,
community-dwelling elderly, 24% had an apnea index (number of apneas
per hour of sleep), or respiratory disturbance index (RDI), greater than 5
and 62% had an RDI greater than 10. Correlates of sleep apnea in this
group included nocturnal confusion, daytime sleepiness, and elevated
weight. Higher RDIs were found among snorers. The strongest predictor
of SDB was body mass index (Ancoli-Israel, Kripke, Klauber, Mason, Fell,
& Kaplan, 1991).

In a second study of 436 hospital medical ward inpatients, the preva-
lence rate was even higher. In this group, 36% had 5 or more apneas per
hour of sleep, and 84% had 5 or more apneas and hypopneas per hour of
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sleep. The increased prevalence in this group of inpatients may have been
related to their acute illnesses, such as congestive heart failure (Ancoli-
Israel, 1989b), which has been shown to be associated with central sleep
apnea (Findley, Ancoli-Israel, Kripke, Tisi, Moser, & Zwillich, 1982a;
Findley, Kreis, Ancoli-Israel, & Kripke, 1982b; Findley, Zwillich, Ancoli-
Israel, Kripke, Tisi, & Moser, 1985).

This very high yield of positive findings among hospital inpatients
raises the question: How predictive are inpatient recordings of the patients’
apnea status when they become outpatients? Little is even known, in fact,
about the longitudinal course of SDB. Bliwise, Carskadon, Carey, and
Dement (1984) longitudinally followed older clinic patients and found that
repeated measures over time had only modest reliability for those patients
with mild SDB. Mason, Ancoli-Israel, and Kripke (1989) followed 32
volunteers more than 65 years old, over a 4.6-year period. Significant but
not high correlations were found between the initial and follow-up record-
ings for the number of apneas (r, = 0.50, p < 0.01) and for the number of
hypopneas (r, = 0.58, p < 0.001). There were no significant increases in the
amount of SDB over the follow-up period. In fact, over time, most patients
showed great variability in the amount of apnea.

We are currently restudying a subgroup of these patients to examine the
predictive value of inpatient testing and the natural history of SDB. We are
also conducting yearly follow-ups of the entire sample of 436 hospital pa-
tients, to determine who is still alive, in order to examine the relationship
of SDB to mortality. In the following discussion, we describe preliminary
mortality results as well as preliminary results on the natural history of SDB.

Methods

Subjects

The subjects were 436 males who were originally inpatients on a
Veterans Affairs Medical Center medical ward. None had been admitted
for symptoms of SDB or other sleep disorders, but rather for the traditional
complaints such as heart disease, pulmonary disease, gastrointestinal
disease, and so forth. The patients were all age 60 or older when originally
studied between 1985 and 1989.

Apparatus

Each subject was studied with the modified Medilog/Respitrace por-
table recording system (Ancoli-Israel, 1989a) at both the initial recording
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session and the follow-up recording session. This system records two
channels of respiration (thoracic and abdominal), one channel of tibialis
electromyograph (EMG), and one channel of wrist activity, to distinguish
wake from sleep (Mullaney, Kripke, & Messin, 1980; Webster, Kripke,
Messin, Mullaney, & Wyborney, 1982). The data are stored on an analog
tape recorder and are then played back onto a polygraph. The resulting
paper record is scored for total sleep time, total wake time, number,
duration, and type of apneas and hypopneas, and number of leg move-
ments. This system has been previously validated with traditional poly-
somnography (Ancoli-Israel, Kripke, Mason, & Messin, 1981).

Blood oxygen saturation levels were recorded for one night with a
portable finger pulse oximeter and portable computer. The oximeter sam-
ples blood oxygen saturation levels every 2 sec and stores these data in
memory and on disk throughout the recording in order to minimize data
loss. A special computer program, PROFOX, is used to estimate the
occurrences of desaturations exceeding 4%, those lasting less than 3 min,
the mean durations of each desaturation, and the percentage time at
various levels of blood oxygen desaturations (Timms, Dawson, Taft, Er-
man, & Mitler, 1988).

Procedure

Each subject was initially randomly selected from all new admissions
onto the medical wards. Once written consent had been obtained, each
patient was studied for one night or, if possible, two nights, on the hospital
ward. Medical records were abstracted, and each patient was given an
extensive sleep interview and depression scale. Chest X rays and EKGs
were also evaluated.

Patients seen in the last 2 years of the initial study were then recon-
tacted approximately 2 years later and asked to continue participation. One
of two research assistants (L.P. or L.K.) went to the subject’s home to
complete a sleep interview, medical history interview, depression scale,
and mental status exam. Subjects were then rerecorded for one or two
nights with the modified Respitrace/Medilog system and for one night
with oximetry, in their own beds.

Statistical Methods

Nonparametric methods were done comparing initial visits with
follow-up visits. The Mantel-Cox method was used to test statistical
differences between survival curves.
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Results

Natural History Results
Compliance and Demographics

Of the 143 men eligible to be recontacted, 37 (26%) agreed to be
restudied, 22 (15%) refused further participation, 35 (25%) had died, and
33 (23%) are still to be contacted at a later date. There were no significant
differences in amount of SDB between the patients who agreed to partici-
pate and those who refused further participation. Patients were recorded
(visit 2) 2-3 years after their initial recording (visit 1). Data are available on
the first 27 patients. At the time of visit 2, the mean age of the 27 men was
72.4 years (SD = 8.8, range = 64-95 years). The mean mini-mental status
score was 28 (SD = 2.0), well within normal limits.

Changes in Apnea and Blood Oxygen Saturation Levels

In this group of patients, 20% showed decreases in the number of
apneas, 20% showed increases, and 60% stayed the same (see Table 1). The
chance of a patient having sleep apnea on visit 1 and again on visit 2
was 43%. The chance of having no sleep apnea on visit 1 or on visit 2
was 69%.

There was a significant Spearman rank order correlation between visit
land visit 2 in the number of apneas (r, = 0.47, p < 0.05) and in body mass
index (kg/m?) (r, = 0.66, p < 0.001). The correlations between visit 1 and
visit 2 for the number of desaturations (r, = 0.27) and for the mean lowest
desaturation (r, = 0.24) were not significant. Means and medians are
presented in Table 2.

Table 1. Percentage of Total Sample
with Sleep Apnea on Visit 1 and Visit 2

Visit 2

Sleep apnea No sleep apnea

Visit 1
Sleep apnea 15% 20%
No sleep apnea 20% 45%
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Table 2. Apnea and Saturation Values in 27 Subjects

Measure Mean  Median SD Range
Number of apneas
Visit 1 39.7 18 54.0 0-178
Visit 2 27.0 17 55.4 0-280
Number of desaturations
Visit 1 91.2 73 74.5 16-268
Visit 2 79.2 69 71.2 5-338
Mean lowest Sa0, (%)
Visit 1 88.0 89.1 3.5 75.9-91.1
Visit 2 89.7 89.7 2.5 82.6-93.6
Body mass index (kg/m?)
Visit 1 24.6 25.0 3.5 19.3-31.1
Visit 2 26.4 26.3 3.8 19.2-33.1
Mortality Results

Mantel-Cox survival analyses were computed after the last completed
follow-up of all 436 patients (i.e., 1990). At that time, 213 patients were
known to be alive, 151 had died, and 72 were missing. Based on the results
of the initial recordings, patients were divided into little or no SDB (RDI <
30 or apneas + hypopneas < 30) or moderate-severe SDB (RDI = 30). There
were significant differences in the survival curves (p < 0.01) between the
groups. The group with RDIs of 30 or more had a lower survival rate (mean
survival time = 1010.1 days, median = 1006 days) than the group with RDIs
of 30 or less (mean survival time = 1256.5 days, median = 1699 days).

Discussion

The preliminary results of this study indicate that inpatient sleep
recordings may not be predictive of patients’ apnea status when they are
outpatients. When these patients were initially studied, they were all
acutely ill hospital inpatients. At follow-up, they were all residing at home,
with no acute exacerbations. Although the amount of apnea correlated
significantly over time, the reproducibility was poor. We are currently
examining other factors, such as current medical history, to see which
factors might be affecting the SDB. It seems, however, that acute illness
may affect the amount and severity of sleep-disordered breathing.

These results support the hypothesis that there is great variability in
SDB over time. It is important to note, however, that these results are
preliminary. In the study of the natural history of SDB to date, only a small
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percentage of our total sample has been studied. While it seems that these
27 patients are representative of the entire sample, we continue to increase
our sample size. With larger samples, we will be able to examine the data
with multivariate regression analyses. We will also restudy all the patients
every 2 years to get additional longitudinal data.

Our mortality data support the finding that moderate to severe SDB
does increase the risk of death. He and colleagues (He et al., 1988) showed
that younger untreated patients with sleep apnea indices greater than 20
had higher mortality rates than those who were treated. Ancoli-Israel and
associates (Ancoli-Israel et al., 1989) showed that nursing home patients
with RDIs greater than 50 (which is about equivalent to an apnea index of
20) had higher mortality rates than those with less severe SDB. In that
nursing home study, however, we showed excess mortality for women with
SDB, but not for men, partly because there were very few men in that
population. In the current study of SDB and mortality in men, of the
original 436 patients, 36% had SDB and only 55% of these are still alive
today, compared to 63% of those with no SDB. Preliminary univariate
analyses indicate that the RDI was a significant mortality predictor for
these hospitalized patients; however, multivariate analyses controlling for
confounding factors have not been completed.

While the natural history and definitive mortality results await further
data, the current data indicate that SDB during acute illness should be
remeasured immediately after the illness resolves. If patients then continue
to have moderate to severe SDB, treatment should be initiated.
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CHAPTER 9

Significance of Breathing Awareness
and Exercise Training for Recovery
after Myocardial Infarction

Jan van Dixhoorn

Introduction

Experts state that cardiac rehabilitation should be comprehensive and
“tailored to the individual” (Kellerman, 1981; Meyer, 1985). In actual
practice, the main component of rehabilitation is physical exercise (Blod-
gett & Pekarik, 1987). It is assumed that exercise training will improve not
only the patients’ physical fitness but also their morale, enhance their
return to normal activities, and reduce their risk of recurring cardiac
events. It is becoming clear, however, that some patients will benefit from
exercise, while others will not (Uniken Venema-Van Uden, Zoeteweij, &
Erdman, 1989). This difference is one of the reasons that the effectiveness
of exercise-rehabilitation is limited (Barr Taylor, Houston-Miller, Ahn,
Haskell, & DeBusk, 1986) and the development of cardiac rehabilitation
stagnates (Hellerstein, 1986).

In this chapter, another treatment modality for cardiac patients will be
examined, consisting of teaching skills for self-regulation, in particular
relaxation and breathing techniques. Although it would seem obvious that
stress management is important for cardiac patients and although several
authors recommend its use (Fardy, 1986; Hackett & Cassem, 1982), its
effectiveness is scarcely documented. There is a large literature on relax-
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ation effects in stress-related disorders, but relatively few studies have
dealt with its application to cardiac patients. Polackova, Bockova, and
Sedivec (1982) taught autogenic training to 48 patients and found substan-
tial psychological improvement in comparison to controls. Progressive
relaxation was taught by Bohacick (1982) to 18 patients, in addition to
exercise training, and resulted in lower diastolic blood pressure. Relax-
ation was provided by Cunningham (1980) to 15 patients in the form of
tape-recorded instructions. Compared to no treatment or exercise only,
there was no effect on depression. Benson’s relaxation response, in addi-
tion to exercise training, was taught to 27 patients by Munro, Creamer,
Haggerty, & Cooper (1988) and was found to have an effect on diastolic
blood pressure. A mixed program of muscle relaxation and self-suggestion
was provided to 46 patients, in addition to regular rehabilitation, by
Krampen and Ohm (1984) and later to 234 patients by Ohm (1987). The
researchers found a higher sense of self-awareness and of control over
patients” health, a better perceived physical status, and a higher physi-
cian’s rating of general and cardiovascular health status. Moreover, the
rehabilitation environment was perceived more positively. Langosch, Seer,
Brodner, Kallinke, Kulick, and Heim (1982) compared such a treatment in
28 patients to behavior therapy and found that both treatments were more
effective than no treatment with respect to self-report data. Patel, Marmot,
and Terry (1985) taught a similar program, including breathing, to 99
subjects at high cardiovascular risk. At 4-year follow-up, there were signifi-
cant reductions in blood pressure and even less cardiac morbidity. Finally,
relaxation and breathing techniques were included in an intensive treat-
ment package, focusing on diet, by Ornish and associates in two studies
that documented reduced cardiovascular morbidity (Ornish, Brown, &
Scherwitz, 1990; Ornish Scherwitz, Doody, Kesten, & McLanahan, 1983);
these techniques were included in the Type A behavior modification
program of Friedman and Thoresen, which reduced the occurrence of
reinfarction (Thoresen, Friedman, Powell, Gill, & Ulmer, 1985). Thus,
research to date suggests that relaxation techniques may reduce cardiac
risk factors and morbidity, improve psychological well-being, and enhance
the effectiveness of rehabilitation.

Relaxation therapy has been part of the cardiac rehabilitation program
in St. Joannes de Deo Hospital, Haarlem, The Netherlands, since 1977. A
variety of techniques have been experimented with. General relaxation, in
the sense of quietening mind and body, was a basic procedure, and
breathing was the key element that the patients remembered and used best
(van Dixhoorn, 1984). The main focus of our approach was to increase
awareness of bodily signs of tension and relaxation. Thus, in 1980, a
protocol for “breathing awareness” was constructed, and its effectiveness
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was tested in a clinical trial. The purpose of teaching breaching awareness
was to enable the patient to perceive and elicit a shift in the respiratory
pattern toward an easier and more relaxed way of breathing (van Dix-
hoorn, 1984). The patients could apply this technique both during passive
rest and during daily activities, while sitting or standing.

Breathing Awareness

Respiration implies a movement of the body, which in general one is
aware of only when breathing becomes difficult. Such a negative aware-
ness occurs when the subject notices unpleasant changes: laborious,
effortful, or restricted breathing. One complains of shortness of breath or
dyspnea. By contrast, a positive awareness of breathing is the result of
pleasant changes: easier, freer, and more effortless respiration. These
changes can be elicited by way of exercises, imagery, instructions, or
manual techniques. Thus, breathing awareness, in the context of this chap-
ter, refers to perceptible changes in the respiratory movement, as a result
of the aforementioned techniques. The procedure is as follows: The subject
relaxes and notices his spontaneous breathing; he then applies a particular
technique for a short while and stops the technique; again, the subject
notices the spontaneous breathing movement and compares this to the
experience before the technique was applied. In this way, the autonomous
character of respiration is respected, yet the possibility for voluntary
modification is recognized. Conscious breathing may not always result in
pleasant sensations; one may also become aware of restrictions and ten-
sions that previously remained unnoticed. Therefore, the patient is ad-
vised to practice when he or she is feeling relatively calm.

General relaxation is a precondition for breathing awareness, since
relaxation of the body is necessary to breathe more easily and mental
relaxation is necessary for passive attention and the perception of sponta-
neous breathing. Usually, the subject who practices some form of breath-
ing technique tries to breathe in a particular way—for instance, slowly and
abdominally. It is pointed out, however, that one should at first try not to
do anything and simply focus attention on the actual tension state and
breathing pattern of the body. Also, the subject is asked to do the
technique in a “lazy” or indifferent, almost careless way. Afterward, one
simply notices how the body responded to the particular technique. In
time, the habitual breathing pattern may change, without the conscious
effort of the subject to breathe “better.” This attitude toward the body
differs sharply from the usual view, as well as from the way the body is
treated during exercise training. The point was made that one should
respect and listen to physical signs and signals, and try to understand
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their meaning, rather than suppress unpleasant self-perceptions. This
metacommunication seems to be important (Peper & Sandler, 1987). In
order to relax, one must inevitably become aware of tension.

One of the techniques is to make the passage of air audible by slightly
compressing the lips. As a result, one receives audible feedback on the
actual breathing pattern. The increased resistance at the lips during ex-
halation, or during inhalation and exhalation, puts a load on the respira-
tory muscles. As a result, respiration tends to become slower and fuller,
tidal volume increases, and respiratory excursion becomes more expansive
and more clearly perceptible. One stops this after about five respiratory
cycles and then notices how one’s breathing continues by itself. This
pattern is to be repeated two times or so, after which the changes in
breathing pattern and in one’s body sensations can be evaluated.

Another technique consists of coupling or uncoupling a body move-
ment and respiration. For instance, in the supine position, the subject
flexes the feet during exhalation and stops flexing during inhalation. This
combination is unusual, since one tends to inhale while making effort. In
this exercise, inhaling while relaxing the feet and exhaling while pulling
them up associates inhalation with relaxation and passivity. Moreover, the
movement of the feet is related mechanically to the exhalation movement:
The pelvis is tilted backward slightly, the abdomen flattens, and the spine
is pushed up a little bit, which implies a relative downward motion of the
ribs. After some time, the combination becomes easy and almost natural.
When the movement is stopped, spontaneous respiration may be per-
ceived as easier and more effortless.

An example of a manual technique is as follows: The subject is seated
on a stool and the therapist sits (squats) behind and places a hand at either
side of the lumbar spine. The subject is asked to pay attention to the hands
and to notice whether any movement is perceptible with respiration. If one
sits and breathes easily, one feels the hands spreading during inhalation
and thereby perceives a sideways movement. Conversely, when one men-
tally follows the sideways spreading and contracting movement in the
lumbar region, one tends to sit more relaxed and comfortable and to
breathe more slowly, fully, and easily.

There are a number of such techniques to gradually involve the whole
body in the respiratory movement, which enhances its efficiency. The
perception of such “whole-body breathing” is an unmistakable and very
pleasant experience.

Research Questions

In order to assess the effect of breathing awareness, a program of
exercise training was compared to a more comprehensive treatment, con-
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sisting of the same exercise training combined with individual relaxation
and breathing therapy. Since myocardial infarction patients were randomly
assigned to either of the two treatments, differences in outcome can be
attributed to the difference in treatment. The significance of exercise
training was assessed in another way. Since patients were referred for
exercise-rehabilitation, they could not be assigned to a control group that
received no exercise training. Therefore, a composite criterion, developed
to determine the success of the exercise training, was used to stratify the
patients into two groups: those for whom exercise training had been
successful and those for whom training had not resulted in physical
improvement. Rehabilitation outcome was compared between these two
groups.

The questions to be answered were: (1) What is the effect of breathing
awareness on the rehabilitation outcome? (2) Is training success associated
with a positive rehabilitation outcome?

Patients and Methods

Patients

After discharge, cardiac patients from various hospitals were referred
to the regional rehabilitation center at St. Joannes de Deo Hospital. A total
of 156 myocardial infarction patients were admitted to the study and were
randomly assigned to one of two treatment protocols. There were 147 men
and 9 women. The median age was 56, the range from 36 to 76. Baseline
characteristics of the study population have been described elsewhere
(van Dixhoorn, Duivenvoorden, Staal, & Pool, 1989; van Dixhoorn,
Duivenvoorden, Pool, & Verhage, 1990b) and are summarized in Table 1.

Procedure

Clinical baseline data and medical history were obtained from the
referring cardiologist. On entry, patients were interviewed to obtain psy-
chosocial information and were asked to participate in the study. After
providing informed consent, they completed additional psychological
questionnaires on a separate occasion, when measurements of respiratory
variables were also taken. These tests were repeated after rehabilitation
and at a 3-month follow-up interview. On that occasion, roughly half a year
after hospital discharge, data on daily activities and work were acquired.
All patients participated in a 5-week daily physical conditioning program,
starting approximately 4-5 weeks after hospital discharge. Graded exer-
cise testing was performed on a bicycle ergometer before and after physi-
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Table 1. Baseline Clinical Data for the Two Treatments®

Relaxation
+ exercise  Exercise only

Number of cases 76 80
Age (years) 55+ 8 56 + 8
Number of men (%) 71 (93) 76 (95)
Working (%) 50 (66) 51 (64)
Preinfarction angina pectoris (%) 14 (18) 12 (15)
Infarction
Large (%) 25 (33) 27 (34)
Anterior (%) 29 (38) 24 (30)
Complications (%) 14 (18) 13 (16)
Postinfarction
Start of training? 48 £ 2.8 52+ 2.1
Work capacity* 90 + 15 87 + 20
Heart rate 80 * 16 80 =17
Resting Watts = 60 103 + 18 101 + 18

“Data are reported as number of cases (percentages) or as means + SD.
bWeeks after hospital discharge.
cMaximal work load (% of normal).

cal training, supervised by the cardiologist. Half the patients were ran-
domly assigned to six sessions of individual breathing and relaxation
therapy, additional to the exercise training. Long-term follow-up data on
cardiac events were collected as follows: Patients received a postal ques-
tionnaire after 2 years, and the general practitioner was contacted in case of
nonresponders. Medical records were searched in case of death or hospital
readmission. Patients who were admitted in the early part of the study
were invited for an interview.

Measurements

Exercise testing was submaximal, with increasing workloads of 30
watts every 2 min until symptoms prevented the patient from continuing
or until the physician terminated the test. The occurrence of angina
pectoris, ST abnormalities, and arrhythmias was noted. ST abnormalities
consisted mostly of ST depressions greater than 2 mm, horizontal or
downsloping, occurring during or immediately after the test. A bipolar
ECG (CM5) was taken during the last half minute before the work load was
increased, and heart rate was read from this. Blood pressure was taken
before the test and at maximum work load. The outcome of exercise
training was assessed on the basis of changes in exercise testing. In order
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to obtain a single measure indicating the efficacy of physical training,
these changes were integrated into a composite criterion for training
benefit. The procedure is discussed in detail elsewhere (van Dixhoorn et
al., 1989; van Dixhoorn, Duivenvoorden, & Pool, 1990a). In short, the
following measurements were ranked according to their clinical relevance:
(1) exercise-induced signs of cardiac dysfunction (ST-abnormalities, angina
pectoris, complex ventricular arrhythmias), (2) maximal work load,
(3) heart rate, and (4) systolic blood pressure response. At each level, a
patient could be assigned to success or failure when a substantial change
in a particular measurement had taken place. Dropouts were classified on
the basis of the reason for not completing the program. Thus, physical
outcome could be assessed for all subjects as follows: (1) patients who
experienced little or no change, (2) patients who improved (success), or
(3) patients who deteriorated (failure). The criterion was an operationaliza-
tion of the primary purpose of exercise training to improve physical fitness
and lower the threshold for myocardial ischemia.

Psychological questionnaires included: (1) Heart Patients Psychological
Questionnaire, for measuring the well-being of cardiac patients, consisting
of four scales: (a) well-being, (b) feelings of invalidity, (c) displeasure, (d)
social inhibition); (2) anxiety, measured by the State and Trait Anxiety
Index in two modes: state and trait anxiety; (3) sleeping habits, consisting
of questions about hours of sleep, daytime nap, and quality of sleep;
(4) functional symptoms, consisting of physical complaints not typical of
angina pectoris. In addition, two questionnaires referred to the preinfarc-
tion period: (5) the Jenkins Activity Scale for Type A behavior and (6) the
Maastricht Questionnaire for vital exhaustion and depression (van Dix-
hoorn et al., 1990b). At a 3-month follow-up, the patients’ activity compared
to preinfarction situation was rated by an interviewer, with respect to
physical activity, daily affairs, and work, as a measure of social recovery.

Respiratory variables were measured during a physiological test,
which was presented to the patient as a test of the resting condition (van
Dixhoorn & Duivenvoorden, 1989). Recordings were made of respiratory
movement, using stretch-sensitive bands around the thorax and abdomen,
and of beat-to-beat variation of the heart rate (Psychophysiograph, ZAK).
Capnographic and spirometric recordings were taken, after which the
patient was asked to remain quiet for 6 min. The patient’s perception of the
body’s state was then assessed.

Treatments

Physical exercise training consisted of 5 weeks of interval training on a
bicycle ergometer, once a day, for half an hour. Training was given in
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groups of four patients, supervised by two physical therapists. Each
patient was exercised up to 70-80% of the maximal heart rate (Karvonen
method) attained at the pretraining exercise test. Relaxation therapy was
given once a week in six individual 1-hr sessions. The therapy was
provided by five experts and is discussed in the Introduction. The reha-
bilitation program did not have a structured form of patient education. At
the patients’ request, information was given and questions were answered
by the rehabilitation staff.

Results

Training Outcome

In 139 patients, exercise testing results were available before and after
training (van Dixhoorn et al., 1989). Both treatments showed a clear but
modest training response: Maximal work load increased and heart rate at a
given work load decreased. Heart rate reduction was more pronounced for
patients who participated in relaxation therapy. Exercise-induced signs of
cardiac dysfunction remained relatively stable, except for a remarkable
decrease in ST depression in patients who underwent relaxation therapy.
The difference between treatments was statistically significant (p < 0.02).
Seventeen patients (making a total of 156) did not complete their training, 9
of whom were classified as unsuccessful because of dropping out for
cardiac problems and 6 of whom stopped for noncardiac reasons and were
classified as unchanged. The other 2 patients stopped rehabilitation be-
cause they became fully active again; they were classified as successful.
There was no significant change in medication during rehabilitation,
probably because the program covered only a short period of time.

The results on the composite criterion are shown in Fig. 1. For 79 of the
156 patients (51%), training was successful, whereas for 42 patients (28%),
the outcome was negative. There was a shift to a more positive outcome in
the combined treatment. The difference in training failure was significant:
The odds for failure were higher for exercise as a sole treatment (odds ratio:
2.07; 95% confidence interval 1.002-4.28; p < 0.05).

Psychological Changes

Measurements were available for 137 patients (van Dixhoorn et al.,
1990b). Figure 2 summarizes the changes in four scales. The pre~post
differences are expressed in Cohen’s d (Cohen, 1969). As a rule of thumb,
d less than 0.20 means no effect and d equals 0.5 means a medium effect.
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Figure 1. Success and failure of exercise training for two treatments. (*) p < 0.05.

It appeared that exercise training did not result in any psychological
change, on the average. After relaxation therapy, patients improved in
state-anxiety, well-being, and invalidity feelings. The difference between
treatments was significant for well-being (p < 0.001).

The psychological significance of exercise training was further inves-
tigated by differentiating patients with and without psychological im-
provement, according to training outcome. Two composite scores were
constructed on the basis of changes in six questionnaires: psychic im-
provement, reflecting changes in state- and trait-anxiety and depression;
somatic improvement, reflecting changes in sleeping quality, feelings of
invalidity, and functional complaints (van Dixhoorn et al., 1990b). Since
some patients did not complete all the questionnaires, the composite
scores were available for a smaller number of patients. Improvement on
the scale “well-being” was considered separately. Table 2 shows the results.
The odds ratios in the rightmost column indicate the effect of relaxation
therapy; the odds ratios in the two middle columns indicate the effect of
training success for the two treatments separately.

Psychic improvement occurred in 89 patients (69%), whereas 40
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Figure 2. Psychological changes after rehabilitation for two treatments. (*) p < 0.05; (**) p <
0.01; (***) p < 0.00L

patients did not improve. Thus, the odds for improvement were greater
than 2 in both treatments (odds ratio: 1.03). They were slightly lower for
patients whose training was successful, particularly after relaxation ther-
apy, compared to the odds of patients without training success (odds ratio:
0.64 and 0.83, respectively), although statistically not significant. Thus,
the composite score for psychic improvement was not influenced by
breathing and relaxation therapy or by training outcome.

Somatic improvement occurred in 80 patients (64%), whereas 46
patients did not improve. The odds for somatic benefit were slightly higher
after relaxation therapy than after exercise training only (odds ratio: 1.37).
Interestingly, the association between training success and somatic benefit
showed a different pattern for the two treatments: For exercise as the sole
treatment, the odds for improvement were higher for successful patients
than for unsuccessful patients, although statistically not significant (odds
ratio: 2.07). For the combined treatment, the odds for somatic improvement
were significant lower in patients with training success than in unsuccess-
ful patients (odds ratio: 0.32).

Consequently, in unsuccessful patients, the odds for improvement
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Table 2. Psychological Benefit for the Two Treatments,
in Relation to Training Success (TS)

Exercise + Exercise training Odds
relaxation therapy only ratio
Question Yes No Odds Yes No Odds (95% CIy*
Psychic improvement?
Total 43 19 2.26 46 21 219 103 (0.49-2.2)
TS + 25 13 1.92 22 11 2.0 0.96 (0.36-2.6)
TS - 18 6 3.0 24 10 240 125 (0.38-4.1)

Odds ratio (TS +/-) 0.64 (0.20-2.0)  0.83  (0.30-2.34)
Somatic improvement?

Total 41 20 2.05 39 26 1.50 1.37  (0.66-2.8)
TS + 20 15 1.3 22 10 220 0.61 (0.22-1.7)
TS — 21 5 4.2 17 16 1.06 4.0 (1.2-13.0)

Odds ratio (TS +/—) 0.32 (0.10-1.0) 2.07 (0.75-5.7)

Well-being improved?
Total 57 9 6.3 47 24 196 3.2 (1.4-7.6)
TS + 34 4 8.5 19 16 1.2 7.2 (2.1-24.5)
TS — 23 5 4.6 28 8 3.5 1.3 (0.38-4.6)
Odds ratio (TS +/-) 1.85 (0.45-7.6) 0.34  (0.12-0.95)

4(CI) confidence interval.

were significantly higher after relaxation therapy compared to exercise
only (odds ratio: 4.0). Thus, relaxation and breathing therapy had a
beneficial effect on the score for somatic improvement for patients who did
not benefit physically from training.

Improvement in “well-being” occurred in 104 of 137 patients (76%).
The odds for improvement were significantly higher for patients who had
followed breathing and relaxation therapy (odds ratio: 3.2). Remarkably,
the pattern of association with training success differed again between the
treatments, but contrary to the association of somatic benefit. Training
success tended to be positively associated with increased feelings of well-
being for the combined treatment (odds ratio: 1.85), but was negatively
associated for exercise as a sole treatment (odds ratio: 0.34). As a result, the
effect of relaxation therapy was particularly clear for patients with training
success (odds ratio: 7.2), whereas for unsuccessful patients, the addition of
relaxation therapy did not make a difference (odds ratio: 1.3).

Respiration and Body Sensation

The average respiration frequency before rehabilitation was 14.7
cycles/min for the combined treatment and 15.2 cycles/min for exercise
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Figure 3. Respiration rate before and after rehabilitation, at 3-month follow-up, and at 2-year
follow-up for two treatments. (*) p < 0.0L; (**) p < 0.001.

training only (van Dixhoorn & Duivenvoorden, 1989). Figure 3 shows that
after rehabilitation, and at the 3-month follow-up, respiration rate re-
mained the same for the single treatment (15.0 and 15.2, respectively), but
dropped significantly for the combined treatment (12.5 and 12.6, respec-
tively). The difference between treatments was highly significant (p <
0.0001). A fine-grain analysis on a subset of the population (N = 48)
confirmed the idea that a lower respiration rate implied a larger tidal
volume (van Dixhoorn & Duivenvoorden, 1989). Thus, after relaxation and
breathing therapy, patients were breathing more slowly and more fully, but
minute volume was unchanged. After exercise training, tidal volume
decreased slightly, implying that patients tended to breathe more super-
ficially. The fine-grain analysis also revealed that heart rate variability
during breathing at a fixed rate of 6 cycles/min, an indicator of cardiac
vagal tone, increased after relaxation therapy, but remained the same after
exercise training only. The differences between treatments were significant
for both tidal volume (p < 0.05) and heart rate variability (p < 0.05). At
2-year follow-up, respiratory measurements were taken in 38 patients. It
appeared that patients who had participated in relaxation and breathing
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therapy were still breathing more slowly (see Fig. 3). The difference
between treatments was even greater and highly significant (p < 0.01).

Before rehabilitation, 28% of the patients in both treatments had a
pleasant body sensation after resting supine during the physiological test.
For exercise as a sole treatment, this percentage remained stable after
rehabilitation and at the 3-month follow-up (33% and 28%, respectively).
The majority felt nothing in particular, and a minority had unpleasant
sensations (7%, 12%, and 12%, respectively, before rehabilitation, after
rehabilitation, and at the 3-month follow-up). After rehabilitation through
exercise and relaxation therapy, 60% had a pleasant sensation during rest,
and 59% reported this at follow-up as well. The increase in pleasant
sensations was highly significant (p < 0.001), and the difference between
treatments was significant as well (p < 0.01). A minority felt physically
uncomfortable during rest before and after rehabilitation and at follow-up
(10%, 8%, and 9%, respectively).

Social Recovery Three Months Later

Data on physical activity level at the 3-month follow-up were available
for 130 patients, 53 of whom (41%) had become physically more active and
only 25 of whom (19%) had become less active than they were before
infarction. Information on daily activities was elicited at a later phase of the
study and was available for 82 patients. Half of them (51%) had become as
busy in daily life as they were before infarction, whereas only 3 (4%) had
become busier. Almost half of them (45%) had become less busy than
before. Coping style had changed for 44%, usually meaning that they said
“No” to requests more easily and were taking things more lightly. Thus,
compared to preinfarction, the most common changes were that patients
became less busy but physically more active. Before infarction, 101 patients
had been working and an additional 2 patients had been on sick leave. Of
the 103 patients, 68 had returned to work about 6 months after hospital
discharge (66%), either part-time (47%) or full-time (19%). Information on
changes in behavioral style at the workplace was available on 60 patients
who had resumed work, 48% of whom said they were doing things
differently now. Again, this usually meant they took things easier and
delegated responsibility more than had been their habit previously.

The effect of relaxation therapy can be deduced from the odds ratios in
the rightmost column of Table 3. It appeared that the odds for increased
physical activity did not differ between the treatments (odds ratio: 0.96),
whereas the odds for fewer daily activities were higher in the combined
treatment (odds ratio: 2.16), although statistically not significant. Also, the
odds for a changed coping style in daily life were more than twice as high
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Table 3. Resumption of Activities, Three Months after Rehabilitation,
for the Two Treatments and in Relation to Training Success (TS)

Exercise + Exercise training QOdds
relaxation therapy only ratio
Question Yes No Odds Yes No Odds (95% CI)y
More physical
activity?
Total 27 40  0.68 26 37 070 096 (0.48-1.9)
TS + 17 21 0.80 16 16 1.0 0.81  (0.32-2.1)
TS - 10 19 0.52 10 21 0.48 1.10  (0.38-3.2)
Odds ratio (TS +/-) 1.5  (0.57-4.2) 2.1  (0.76-5.8)
Less daily activities?
Total 21 17 1.24 16 28 0.57 216 (0.89-5.3)
TS + 12 10 1.20 8 15 053 225 (0.68-7.5)
TS - 9 7 1.26 8 13 0.62 210 (0.56-7.9)
Odds ratio (TS +/-) 0.93  (0.26-3.4) 0.87 (0.25-2.97)
Coping differently
(daily life)?
Total 21 17 1.24 15 28 0.54 230 (0.94-5.6)
TS + 12 10 1.20 7 15 046 257 (0.75-8.8)
TS — 9 7 1.26 8 13 0.62 2.10  (0.56-7.9)
Odds ratio (TS +/=) 0.93  (0.26-3.4) 076  (0.22-2.67)
Return to work?
Total 37 13 285 31 21 148 1.79 (0.78-4.1)
TS + 21 12 1.75 18 10 1.8 0.97 (0.34-2.8)
TS — 16 2 80 13 11 1.18 6.78 (1.3-36.1)
Odds ratio (TS +/-) 022  (0.04-1.12) 1.5 (0.5-4.6)
Coping differently
(work)?
Total 20 11 1.82 9 20 045 404 (1.4-11.9
TS + 13 7 186 6 11 055 3.4 (0.88-13.2)
TS ~ 7 4 1.75 3 9 0.33 5.3 (0.87-31.6)
Odds ratio (TS +/-) 1.06 (0.23-4.9) 1.64 (0.32-8.45)

4(CI) Confidence interval.

(odds ratio: 2.3) in the combined treatment, approaching significance. The
odds for work resumption were greater than 1 in both treatments, but
tended to be higher in the combined treatment (odds ratio: 1.79). There was
a significant difference with respect to coping style at work. The odds for
such a change were almost 2 in the combined treatment, but less than 0.5
in the single treatment. Thus, patients in the combined treatment changed
their behavior 4 times more often than patients in the single treatment

(odds ratio: 4.04).
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The significance of training success can be seen from the odds ratios
in the two middle columns of Table 3. The odds for increased physical
activity were greater than 1 for both treatments, implying that patients with
training success tended to be physically more active. However, the associa-
tion was statistically not significant in either of the treatments or for the
total population. The odds for fewer daily activities did not differ between
patients with and without training success, in either of the treatments, nor
was there a difference in the odds for changed behavior in daily life. Thus,
training outcome did not affect daily life at all. Interestingly, the association
of training outcome with work resumption showed an opposite pattern for
the two treatments. In the combined treatment, the odds for work resump-
tion were much lower for successful patients then for unsuccessful pa-
tients, largely because almost all patients without training success re-
turned to work (odds ratio: 0.22). In the single treatment, the odds for work
resumption were somewhat higher in successful patients (odds ratio: 1.5).
Neither of the two associations was statistically significant, but their
opposite direction resulted in the fact that relaxation therapy significantly
enhanced return to work among unsuccessful patients (odds ratio: 6.78).
By contrast, relaxation therapy had no effect at all among patients who
benefited physically from training (odds ratio: 0.97). Finally, the odds for
an easier coping style at the workplace were not greater in successful
patients compared to unsuccessful patients. Thus, training outcome did
not influence coping behavior.

Cardiac Events

Data on cardiac events during 2 years after infarction were available
for the patients admitted in the first years of the study, 43 in the combined
and 47 in the single treatment (van Dixhoorn, Duivenvoorden, Staal, Pool,
& Verhage, 1987). Of these 90 patients, 2 were lost to follow-up, 1 in each
treatment. Further, 2 patients had died for cardiac reasons, both in the
single treatment, and 9 had a recurrent infarction, 4 in the combined and
5 in the single treatment. Coronary bypass graft surgery was undergone
by 6 patients, only 1 of whom was in the combined treatment. There were 15
readmissions to hospital for cardiac reasons, mostly unstable angina
pectoris, 3 in the combined treatment and 12 in the single treatment. Thus,
there was a total of 8 events in 7 patients (17%) after relaxation therapy,
and there were 24 events in 17 patients (37%) after exercise training
only. The odds for an event were higher for exercise as a single treatment
than for relaxation therapy (odds ratio: 2.9; 95% confidence interval:
1.07-8.04).
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Discussion

Effect of Breathing Awareness

The study had been designed primarily as a clinical trial of breathing
and relaxation therapy in cardiac rehabilitation. It turned out that the
outcome of rehabilitation was positively influenced by the addition of this
therapy individually to a regular exercise program. It resulted in a stable
effect on respiratory pattern, which became more efficient, slower, and
fuller, even after 2 years. Also, more patients felt pleasant after taking a
rest. These effects may be taken as the direct result of the techniques for
breathing and body awareness and indicate that, on average, the therapy
had been successful. More important, however, are the wider effects on
traditional rehabilitation-outcome measures. The literature, reviewed in
the Introduction, indicated that physical, psychological, and behavioral
effects could be expected. It turned out that effects were found in each of
these dimensions, but the physical effects were the most striking. Breath-
ing and relaxation therapy reduced the incidence of deterioration after
training (training failure), reduced the occurrence of exercise-induced
signs of myocardial ischemia (ST depressions), increased cardiac vagal
tone (heart rate variability), and reduced the occurrence of cardiac events
in a 2-year follow-up period. Thus, the conclusion of Ohm (1987), that
relaxation therapy enhances the general effectiveness of rehabilitation, is
supported by this study.

Obviously, teaching awareness of respiration and of bodily tension is
quite different from exercise training. It involves a learning process and
skills training, rather than physical conditioning. Also, the attitude toward
the body is one of respecting and listening to bodily signs with receptive
attention. When a subject actually adopts this attitude and applies the
techniques, it can be expected that behavioral patterns (habits) will be
influenced and show lasting effects. The available data suggest that behav-
ioral changes did indeed take place. On the physiological level, breathing
habits were changed even 2 years later. Coping style had changed 3
months after rehabilitation, almost exclusively in the combined treatment.
An interesting phenomenon was that breathing awareness influenced the
effect of the exercise sessions. The association of training success with
psychological and social outcome measures differed between the two
treatments. As a result, breathing and relaxation therapy were particularly
beneficial for patients who did not benefit physically from exercise train-
ing: It improved somatic aspects of psychological benefit (feelings of
invalidity, sleeping quality, and functional complaints), and it promoted
return to work.
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Training Outcome

Although the value of exercise-rehabilitation depends to a large degree
on its contribution to social recovery and secondary prevention, the imme-
diate purpose is to improve the patients’ physical fitness and morale. The
composite criterion for physical outcome, integrating the major measure-
ments of exercise testing, was meant as an operationalization of the primary
purpose of exercise training, to improve fitness and raise the threshold for
myocardial ischemia. The fact that only half the patients actually reached
this aim and benefited from exercise training is therefore most remarkable.
Even more important is the fact that about one quarter had a negative
outcome. Only a few authors evaluated the outcome of training in terms of
success and failure instead of average changes in exercise testing parame-
ters. Hammond, Kelly, Froelicher, and Pewen (1985) found that the percen-
tage of patients showing at least 5% improvement in a training response,
after 1 year of training, three times a week, was 44% for resting heart rate
and thallium ischemia, 58% for heart rate at low work level, and 52% for
measured maximal oxygen uptake. Uniken Venema-Van Uden and associ-
ates (Uniken Venema-Van Uden et al., 1989) used a composite criterion
derived from the one used in this study on 370 cardiac patients, rehabili-
tated in three centers with programs of differing length (6-12 weeks) and
intensity (2-5 times a week) of training. On the whole, 54% improved after
training and 16% deteriorated. Unlike the criterion in this study, dropouts
(13%) were not included in the outcome, which may be a reason there were
fewer failures. Thus, it seems realistic to say that exercise training is really
appropriate only for about half of cardiac patients referred for rehabilitation.
This questions the very basis of present-day rehabilitation, in which exer-
cise is the main component (Blodgett & Pekarik, 1987; Hellerstein, 1986).

The significance of exercise training for recovery is unclear. In general,
postinfarction patients are very enthusiastic about exercise, and the major-
ity are convinced that it is extremely helpful in convalescence. The results
of this study do not support this idea and confirm the conclusion of one
recent review (Langosch, 1988), that the evidence of a psychological effect
of exercise is weak. We did not find an improvement on any psychological
questionnaire after exercise training was given. Moreover, patients with a
positive training outcome did not improve psychologically any more than
patients without physical benefit. With respect to social recovery, at 3
months follow-up, there was a weak association of training success with an
increased level of physical activity. Daily activity level, return to work, and
coping style were not associated. Thus, there was little evidence for the
assumed significance of exercise training for the recovery and well-being
of cardiac patients.
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Rehabilitation Policy

These results question the one-sided reliance of rehabilitation on
physical exercise as well as the idea of increasing fitness as a main purpose
of exercise sessions. Cardiac rehabilitation should indeed be comprehen-
sive and tailored to the individual. It means that more than one treatment
modality should be employed and that subjects should be assigned to the
treatment or treatment combination that seems to be best. This study
indicates that such a differentiated program will have a higher overall effect
than exercise training alone.

It should be noted that the results do not necessarily invalidate the
utility of all physical exercise. Increasing aerobic power may be important
for some patients, while for others the context of exercise sessions may be
more meaningful. For some, increasing work loads may even be detrimen-
tal, and training is therefore not appropriate. It appears that if the staff
were to take a more comprehensive attitude, rather than urge the “dogged
repetition of mindless exercise,” as Nixon, Al-Abbasi, King, and Freeman
(1986) put it, the program would become an “arena for interchange and
education” (Fletcher, Lloyd, & Fletcher, 1988) and probably more effective,
physically, mentally, and socially.

Several authors stated that integration of relaxation exercises and body
awareness into the exercise sessions would make them more interesting
and more effective (Fardy, 1986; Sime, 1980). It should be emphasized,
however, that group sessions may not be sufficient to actually learn self-
regulation skills and to acquire awareness of personally relevant strategies
for relaxation and tension control. In this study, therefore, individual
sessions were utilized. At present, in our hospital, relaxation and breath-
ing therapy are still implemented individually in about 40% of the reha-
bilitation patients. All the patients receive group instruction in addition to
the exercise program. The individual treatments are retained for two
reasons: A substantial number of patients require personal contact and
guidance, verbally or manually, to be able to sense concrete differences in
bodily tension, which is necessary for practice at home and in the group.
For some of them, the sessions also have a counseling nature, and for a few
they are the main treatment. Second, the individual therapy requires fine-
tuning of skill and sensitivity on the therapists’ part. Since the therapists
are mainly physiotherapists who conduct the group sessions as well, this
attitude will carry over into the style and quality of the group sessions.
Actually, incorporating the individual therapy appears to influence the
attitude of the entire rehabilitation staff.

To conclude, individual breathing and relaxation therapy is a treat-
ment modality on its own, and its addition to a rehabilitation program is a



JAN VAN DIXHOORN 131

worthwhile effort that will enhance the effect of cardiac rehabilitation in a
number of ways.
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CHAPTER 10

Respiration in
Clinical Psychophysiology

How to Assess Critical Parameters
and Their Change with Treatment

Robert Fried

Introduction

Clinical psychophysiology is concerned, for the most part, with psycho-
logical, psychophysiological, and neuromuscular disorders that cause
pain, or impair health or function, or are likely to do so in the future. It is
not uncommon to find that their etiology is vague, and they may span an
astonishing range of disorders, such as cardiovascular (e.g., angina,
hypertension), cardiac (e.g., arrhythmias), digestive (e.g., gastritis, ulcers,
colitis), pulmonary (e.g., hyperventilation, asthma), psychiatric (e.g., de-
pression, anxiety, panic, phobias, sexual dysfunction), neurological (e.g.,
migraine, poststroke or other trauma), insomnia, and many more.

Many of these disorders, with notable exceptions, are attributed to
stress, which Selye (1974) defines as the “nonspecific response of the body
to any demand made upon it.” But, this does not explain stress; it merely
describes what follows chronic exposure to stressors.

What is the nonspecific response? No one knows, but I agree with the
Pavlovians (Gantt, 1970) that all nonspecific reactions begin with an
orienting response (OR), in which activity, especially breathing, is inhibited,
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this inhibition being followed by an excitatory increased metabolic de-
mand for oxygen (O,). Based on an extensive review of the relevant
physiological research literature, I have come to suspect that the body
cannot sustain intermittent OR, and sympathetic arousal, for any consider-
able length of time and still meet increased metabolic demand for O,. If
this suspicion is correct, then the “nonspecific response” is not so non-
specific after all; it is the consequence of increased tissue air hunger.

When metabolic rate rises, it dictates a concomitant increase in O,, by
increasing blood circulation and raising pressure (favoring diffusion) and
by adjusting the O, transport system [favoring O, release from hemo-
globin (Hb) in the red blood cells]. But prolonged homeostatic adjustment
to these arousal mechanisms results in lower tissue O,, i.e., graded hy-
poxia, a state that may compromise many physiological processes includ-
ing neurotransmitter biosynthesis (Blass & Gibson, 1979; Katz, 1982).

Hypoxia is not fatal (unlike anoxia, which leads to asphyxiation in
minutes). Among other effects, however, it does raise blood lactate levels
(Cohen & Woods, 1976; Huckabee, 1961; Kreisberg, 1980; Park & Arief,
1980), causing metabolic acidosis. Metabolic acidosis, in turn, must be
compensated, typically by increased lung ventilation, which often leads to
hyperventilation (HV) (Edwards & Clode, 1970; Gamble, 1982; Shapiro,
Harrison, & Walton, 1982). Most behavioral scientists are unaware that a
“functional” breathing disorder such as HV may be homeostatic, and
homeostasis is not without physiological cost. In order to better under-
stand metabolic arousal and homeostatic mechanisms, it is essential to
become more knowledgeable about respiration, ventilation, and the O,
and CO, transport systems.

Respiration involves dynamic and static lung air volumes: The dy-
namic volume is the volume of air that moves into the lungs (inspiratory
tidal volume) or out of the lungs (expiratory end-tidal volume). Static
volume is the volume that remains as dead space in the lungs. Inspiration
fills the lungs with air, and O, diffuses into the bloodstream in the alveoli,
because its pressure there is greater than that in blood. Conversely, in
expiration, CO, pressure, greater in blood, diffuses from blood into the
alveoli, for expulsion. When O, diffuses into the blood, most of it passes
through the membrane of the red cells, where it binds to Hb to form
oxyhemoglobin (OHDb). The degree of affinity of Hb for O, is a function of
blood pH, which is controlled by buffering of the major blood acid,
hydrogen ion (H*), the blood concentration of which is related to CO,
concentration in the body. The pH of blood is thus principally controlled by
breathing.

The CO, transport system involves an enzyme [from the kidneys and
the red blood cells (RBCs)], carbonic anhydrase, and the formation in the
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blood of bicarbonate and volatile carbonic acid. Carbonic anhydrase helps
CO, to hydrolyze, forming carbonic acid (H,CO,) which readily breaks
down to H* and bicarbonate (HCO,)—a more efficient way to expel CO,.
Normal blood pH is about 7.4—slightly alkaline. Decreased alkalinity
favors OHb dissociation, while its increase, alkalosis, favors OHb reten-
tion. Maintenance of acid—base balance usually involves the lungs (about
85%), which expel CO,, and the kidneys (15%), which expel “base excess,”
i.e., bicarbonate. Thus, regulation of the acid—base balance of the body
occurs breath-by-breath, and O, available from each breath depends on the
outcome of only a few of the breaths preceding it.

Bohr, Hasselbach, and Krogh (1904) were the first to show that O,—Hb
affinity depends on CO, availability, i.e., the partial pressure of CO, in
arterial blood (Paco,), which in the average normal person is about 5.00%,
or 38 torr. Body cells have a lower pH because local metabolism raises CO,
concentration. The greater acidity favors OHDb dissociation, and O, diffuses
into the cells, while CO, diffuses back into the blood, where the concentra-
tion is initially lower. Most of the CO, is transported away by Hb. Figure 1
shows the OHb dissociation curve (ODC) at different values of pH, at
normal body temperature. When pH is normal, 7.4 (center curve), 50%
blood saturation occurs at Po, = 27 mm Hg (torr). If pH rises (alkalosis) to
7.6, 50% saturation occurs at about 21 torr; if it drops to 7.2, Po, will be
about 33 torr.

The shift of the OHb curve to the left (Bohr effect) is usually momen-
tary and compensated by the homeostatic lung—kidney system. But as
Kerr, Dalton, and Gliebe (1937) detailed, it may be profound in some
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persons and may lead to an astonishing array of symptoms, though in the
long run, blood pH will be compensated to near-normal and respiratory
alkalosis is indicated only by excretion of bicarbonate. Thus, the critical
variable in respiratory psychophysiology is not O,, but CO,.

Tidal-volume norms, for any individual, are given by a nomograph (see
Radford, 1955), a graph that gives equivalence among body weight, tidal
volume (V), and breathing rate for men and women. V, times breathing
rate is minute volume (V_,): An average 150-lb man at rest with a
breathing frequency of 12 breaths/min, would be expected to have a V; of
500 ml (x 12 = V_, of 6000 ml).

In an average normal person at rest, alveolar Pco, below 38 torr
(hypocapnia) is the commonly accepted criterion for HV (Comroe, 1974),
which is often erroneously defined simply as rapid, shallow breathing.
Correlation between Pco, and Paco, is about +0.93 (Comroe, 1974). Many
of the sequelae of HV are the symptoms we observe. That is why I deplore
the use of the hyperventilation challenge (Hardonk & Beumer, 1979)—fast
breathing for about 2 min to induce HV-related symptoms. Sustained HV
causes peripheral and cerebral arterial vasoconstriction, and by reducing
blood flow to the brain, and the heart, it may lead to angina, stroke, and
seizures (Darrow & Graf, 1945; Kety & Schmidt, 1948; Penfield & Jasper,
1954; Yu & Yim, 1958; Yu, Yim, & Stansfield, 1959). It has been my
experience that symptoms will emerge below about 30 torr.

Most persons with psychiatric, psychosomatic, and stress disorders
have HV-related complaints—*“I can’t seem to catch my breath.” “I can’t
seem to get enough air” (dyspnea), “I huff and puff”—and they may show
frequent sighing, swallowing, and chest heaving. Alternately, they may
show little breathing movement (Fried, 1987, 1990).

More recently, Hirsch and Bishop (1981) and Grossman (1983) also
linked HV to stress. According to Grossman, alteration in ventilatory
parameters may result in lowered parasympathetic cardiac controls, lead-
ing to inadequate myocardial and cerebral oxygenation. Nixon’s “patient-
specific Think Test” also demonstrates that when patients recall unpleasant
or stressful events they have experienced, they hyperventilate (Nixon &
Freeman, 1988).

It cannot be coincidence that HV symptoms are indistinguishable
from many psychiatric, psychosomatic, and stress disorders (Lowry,
1967). Only the physiology of graded hypoxia with chronic lacticacidemia
accounts for this observation. That is why I have focused much of my
clinical and research efforts over the past ten years on developing
breathing-assessment techniques and protocols and therapeutic strategies
based in large part on the numerous published reports of (1) the crucial
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effect of respiration on brain function, (2) breathing-related symptoms in
stress and anxiety, and (3) the reportedly successful treatment of these
conditions with strategies centering on breathing.

Assessment: The Psychophysiological Respiration Profile

The Psychophysiological Respiration Profile (PRP) was updated from
an earlier HV profile (Fried, Fox, Carlton, & Rubin, 1984). The PRP and
Perco, biofeedback methods (Fried, Rubin, Carlton, & Fox, 1984) were
tested on clients of the Stress and Biofeedback Clinic of the Institute for
Rational Emotive Therapy (IRET) in New York. They were from all walks of
life, though predominantly professionals who ranged in age between 19
and 81 years. About two thirds were women. With few exceptions, they
reported various combinations of the symptoms common to those of the
HV syndrome:

* Tension—a “feeling of tension”; muscle ache;

» Irritability; low frustration tolerance;

* Anxiety—apprehension, heightened vigilance;

» Dyspnea—inability to catch one’s breath; choking sensation; feeling
of suffocation; frequent sighing; chest heaving; lump in throat;

» Fatigue, tiredness, burnout;

* Insomnia;

* Heart palpitations—pounding in chest, seemingly accelerated pulse
rate; heaviness on the chest—Ilike a weight; diffuse chest pain;

* Depression, restlessness, nervousness;

* Dizzy spells, shakiness, trembling;

» Coldness of the hands and feet and, occasionally, tingling sensa-
tions;

» Inability to concentrate;

* Bloating;

* Others.

In most cases, they reported symptoms of allergies, anemia, angina,
arthritis, asthma, cardiac arrhythmia, colitis, constipation, diabetes, gas-
tritis, headache/migraine, heart disease, hypertension, irritable bowel,
musculoskeletal and temporomandibular trauma and pain, Raynaud’s
disease, seizures (idiopathic and organic), joint pain, bruxism, and many
more. The procedures were also applied to those with psychological
disorders, including anxiety, panic, simple phobia and agoraphobia, de-
pression, and obsessive compulsive disorder.
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Method

Percentage of Alveolar CO, (PETcO,). End-tidal breath is sampled by
nasal catheter (4 X ¥52in., 6 in. long) inserted about ¥4 in. into a nostril and
taped to the upper lip. The proximal segment is connected to a fitting in the
tubing that leads to the capnometer. The client is protected from infection
with precut Latex sterile surgical tubing used for the nasal segment and
immediately discarded after use.

An Ohmeda OxiCap 4700 is coupled to a computer (PC-compatible,
VGA monitor, Epson LQ 850 printer) with a J & ] Instruments I-330
Physiological Monitoring Systems isolation amplifier (ISA).! Screen dura-
tion is 30 sec.

Arterial Blood Oxyhemoglobin Saturation (5a0,). The oximeter (sensor
over the left index finger) is coupled to a J & J ISA. The readout is whole-
integer percentage, but the analog output is to 0.1%.

Chest vs. Abdominal Mode and Breathing Pattern. A pneumograph
module (J & J) renders trace analogs of the magnitude of the displacement
of the chest and abdomen derived from Velcro-fastened strain gauges.

Pulse Rate and Respiratory Sinus Arrhythmia (RSA). The ] & J plethys-
mograph (sensor over the right index finger) renders interbeat rate varia-
tion over time, indicating RSA over the breathing cycle (Angelone &
Coulter, 1964; Davies & Neilson, 1967; Fried, 1987; Melcher, 1976; Porges,
McCabe, & Yongue, 1982).

Hand and Head-Apex Temperature. Two ] & ] thermal units are used:
One sensor taped to the little finger of the nondominant hand (for norms,
see Blanchard, Morrill, Wittrock, Scharff, & Jaccard, 1989) and another
attached to the scalp apex record “local” temperature (Tachibana, Kura-
moto, Inanaga, & lkemi, 1967). I take scalp-apex temperature to reflect
blood flow through the brain below because there are no vasoconstrictor
reflexes in the scalp and forehead circulation (Fox, Goldsmith, & Kidd,
1962; Hertzman & Roth, 1942; Royer, 1965). Since sympathetic arousal
cannot cause scalp vasoconstriction, which would lower its temperature,
parasympathetic inhibition cannot reverse it.

1For information about the J & J I-330 Physiological Monitoring System or the Ohmeda
OxiCap 4700 CO, monitor, please write the author at 1040 Park Avenue, New York, NY
10028.
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Blood Pressure (BP).  BP decreases with deep-diaphragmatic breathing
(Fried, 1987), but is seldom included unless hypertension is a treatment
consideration.

Muscle Tension (EMG). Electromyography (EMG) may be used to
monitor muscle tension in the upper chest during diaphragmatic breathing
training to assess the extent of ancillary breathing muscle involvement.
Figure 2 illustrates this application: EMG and PETCO, are slightly out of
phase because EMG is instantaneous, while there is a delay of about 1.0 sec
in the CO, trace. Electrodes were placed at the right and left upper
pectorals (pectoralis major), just below the collar bone (clavicula).

The Profile. The PRP (Fig. 3A) is obtained on the first visit, before
training begins:

* Breathing

* Rate (BR)

* Mode (chest vs. abdomen)

* Pattern or rhythm (inspiration/expiration ratio)
* End-tidal CO, (PETco,)
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Figure 2. Correspondence between breathing, as reflected by PETc0,, and EMG changes with
upper thoracic (pectoralis) movement.
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Figure 3. (A) A 30-sec multiparametric psychophysiological profile in a person at rest,
showing PETCO,, Sa0,, thoracic and abdominal pneumographs, pulse rate, and head and
hand temperature. (B) Profile in the same person during deep-diaphragmatic breathing
training.
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* Arterial blood O, saturation (Sa0,)

* Heart

* Pulse rate (PR)

* Interbeat interval distribution—RSA

¢ Circulation

* Hand temperature (HT) and scalp-apex temperature (ST)

A second PRP (Fig. 3B) is obtained during or after training.

Figure 4A is a modified PRP preceding breathing training in a 32-year-
old woman reporting stress: BR is 18 breaths/min; PErco,, 4.3% (33 torr);
Sao,, 97.9%; PR, 68; HT, 79.5°F; ST, 92.8°F (76°F is room temperature).
Figure 4B shows the PRP during breathing training. At first, BR is rapid
(tachypnea). The Pco, and HT are low; ST is normal—showing peripheral
vasoconstriction. PR is low—she is a runner. After 10 min of deep-
diaphragmatic breathing training, the breathing rate drops to 6 breaths/
min. But respiration has not adjusted yet, and though breathing is
“deeper,” there is still chest movement and loss of CO, continues: PETCO, is
3.7%, or about 28 torr. HT and ST drop somewhat with lower Pco,, and
Sao, rises about 1% with increased alkalosis, so training is discontinued

Figure 4. Pretraining (A), first training (B), and second training profile (C), showing change in
PeTCO,, Sao,, HR, and head and hand temperature. The breathing rate drops from 18 (A) to 3
breaths/min (C).
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until Pco, stabilizes at the higher value. Then it is reinstituted. Breathing
training procedures are detailed in Fried (1990, 1993). A reversal at the
beginning of the Pco, trace, as exemplified in Figure 3B, shows diaphrag-
matic fatigue and usually disappears as the trainee becomes accustomed to
sustained deep-diaphragmatic breathing.

The PeTCO, tracing itself may also indicate momentary anxiety: Figure
5 shows the PETCO, tracing, during deep-diaphragmatic breathing, of a 47-
year-old man imagining the object of his phobia. Or PErco, may reflect
deep-diaphragmatic breathing: Figure 6 shows a CO, tracing (capnogram)
with cardiac oscillation during expiration. This pattern is produced when
the abdomen pushes the diaphragm up and the heart against the lungs. As
the heart beats against the lungs, it expels a small amount of air. Each
oscillation therefore reflects a heartbeat.

Typical Findings

Combining elements of the PRP helps to assess patterns of treatment-
related changes:

4:45p PREBASE PAUSED recOFF 1/ 3 indef.
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Figure 5. Hyperventilation consequent on the imaginal visualization of a phobia object
during counterarousal self-regulation by deep-diaphragmatic breathing.
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20sec.

Figure 6. Capnogram (PETCO,) showing cardiac oscillation.

* Breathing rate (BR) drops, and Pco, may rise, at first; when training
stabilizes (in 5-10 training sessions), BR may be between 3 and 5
breaths/min (often below 3 b/min).

+ Tidal volume (V,) monitoring is too invasive for the typical clinical
application, but the Radford monograph gives an accurate estimate
based on BR and weight.

* Breathing mode becomes predominantly abdominal and rhythmic,
with inspiration/expiration ratio = 1.00; upper thoracic EMG atten-
uates.

* Sao, normalizes between 95% and 98%, though it may increase,
despite Pco, increase, during the inspiration phase of diaphrag-
matic breathing due to increased perfusion with increased intra-
pulmonary air pressure (it does not reflect left-shifted ODC, since
there is no alkalosis).

» Hand (HT) and head temperature (ST) both rise, in many cases to
within 0.5°F of the pretraining values.

* Pulse rate (PR) typically drops, except that it rises slightly where

there is bradycardia (50 beats/min or less).

Respiratory sinus arrhythmia (RSA), typically absent before train-

ing, may become pronounced—up to 10 beats or more over the

breathing cycle.

* Blood pressure (BP) may rise slightly at first, if diastolic BP drops.
After a few sessions, systolic BP also drops if diastolic BP remains
down.
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Figure 7. Profile showing Perco,, Sa0,, pulse rate, and frontalis (h) and wrist-to-wrist (w)
EMG. Note that at the same filter values, EMG_, has a greater cardiac component than EMG;, .

* Frontalis, wrist-to-wrist, and other EMG measures attenuate [Fig. 7
shows a modified PRP with EMG, (frontalis) and EMG, (wrist-to-
wrist)].

» The EEG may show elevation of the theta band before training:
During training, theta will drop, as alpha frequency becomes more
coherent at a lower frequency in the band and increases in amplitude
(such changes may be accompanied by reported experience of
“thoughtless consciousness,” i.e., samadhi, an “altered state of con-
sciousness”).

Sample Clinical Case Profiles

Case 1. Comparison of a modified PRP (30-sec screen duration) in a
3l-year-old woman with exercise-induced asthma, on the 5th training
session, before (Fig. 8A) and after 4 min of breathing training (Fig. 8B).
Breathing normalizes at 4 breaths/min. The Pco, and Sao, both rise. PR
drops.

Case2. EEG power spectrum before and during breathing training in
a 42-year-old woman with severe stress, fatigue, depression, and pulmon-
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Figure 8. Pretraining (A) and posttraining (B) profiles. Sao, rises and a distinct ECG/RSA
emerges as breathing slows and normalizes.
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posttraining (B) right- and left-
hemisphere EEG power spectra.
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left-hemisphere = dominance.
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FREQUENCY training.
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ary ventilatory deficiency (PETco, = 5.9). Before training (Fig. 9A), the left-
side voltage was elevated over the right, and both right and left showed
theta elevation with no coherent alpha. During training (Fig. 9B), voltage
equalized, right and left, and average theta decreased, with coherent alpha
on both sides, though more prominently on the right.

The effect of breathing on the EEG is rapid and profound: HV causes
cerebral arterial vasoconstriction and impairs brain blood flow and metab-
olism. Lennox, Gibbs, and Gibbs (1938) reported a near-linear relationship
between brain blood CO, content and EEG fundamental frequency; i.e.,
low CO, correlates with low frequency. Subsequently, Kety and Schmidt
(1948) showed that a decrease in CO, level, from normal (38 torr, or 5.00%)
to 30 torr (3.95%), results in a 20% decrease in cerebral blood flow. Also,
Engel, Ferris, and Logan (1947) plotted the effect of sustained HV on EEG
fundamental frequency and subjective measures of awareness (see Fig. 10).

Case 3. This 47-year-old professional woman reported stress, anxi-
ety, and chest symptoms that were vague (and that she had been told were
“functional”). Figure 11A shows poor ventilation (PETCO, ranged between
5.1and 5.9), a slow BR, and a strange pulse interbeat interval pattern. She
was referred for a clinical ECG, and it showed ventricular premature
contractions (VPCs) (see Fig. 11B). After about 10 min of breathing training,
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Figure 10. Effect of sustained HV on EEG fundamental frequency and subjective level of
consciousness. From Engel et al. (1947).

BR dropped to 1%2 beats/min, and PETcO, normalized at 4.7. There was also
a significantly reduced incidence of VPCs (Fig. 11C).

Case 4. This 29-year-old professional man reported work-related
stress, fatigue, anxiety, mild depression, and mild allergies. Medical and
social history held nothing of significance. Breathing training showed a
paradoxical increase in PETCO, to 5.9, with Sao, slightly below normal, at
94.1% (see Fig. 12A). Uneven expiration suggested asthma, a fact that he
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had failed to reveal—his allergies were acting up. Deep-diaphragmatic
breathing improved his ventilation: Perco, dropped to 5.2, Sao, rose to
95.4%, and he reported feeing better (see Fig. 12B). Here is a case in which
organic conditions, asthma and allergies, underlie the stress.

Case 5. This 42-year-old woman reported stress and moderate hy-
pertension, 146/94 mm Hg, nothing else of note in her medical history, and
no psychological disorders. At the initial profile (see Fig. 13A), BR was
elevated (22/min), PETco, was depressed at 4.10, Sao, was normal (97.4),
and PR (52/min) was low—typical in a runner, though there was no RSA.
After several rounds of breathing training (3 breaths/round) over a 22-min
period, BR dropped to a little over 2/min, PeTCO, rose to 4.5, Sa0, to 98.5,
PR to 63, and her BP was 153/90 (Fig. 13B).

Case 6. This 39-year-old man suffered an industrial accident result-
ing in severe back injury (L. sacrospinalis) that causes him to suffer
constant pain. Although EMG biofeedback to reduce the differential
tension was helpful (see Fig. 14A), he did not achieve a significant reduc-
tion of the pain until the following procedure was initiated: After several
sessions of deep-diaphragmatic breathing training, when he attained a

10.q
30sec.

Figure 11. (A) Pretraining profile with cardiac interbeat interval pattern showing VPCs; (B)
clinical ECG tracing of the VPCs; (C) disappearance of VPCs with deep-diaphragmatic
breathing.
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Figure 12. Pretraining (A) and posttraining (B) profiles. Typically, PETco, rises with slower
breathing; the decrease from 5.9 to 5.2 is not paradoxical, but is common in poor lung
ventilation.
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Figure13. Pretraining (A) and posttraining (B) profiles. Breathing drops from 22 to 2+ beats/

min, with RSA, as BP drops in this hypertensive woman.
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Figure 14. Pretraining (A) and posttraining (B) profiles showing change in local temperature

in injured (left) and intact (right) sacrospinalis muscle, using breathing and local-warming
imagery.
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1%-2 beats/min rate, thermistors were taped to the corresponding right
and left side, over the sacrospinalis, and he was instructed as follows:

Imagine yourself, in your mind’s eye, to be in your back. Look at the injured
muscles. See them twisted and taut. Can you see it? Good. Feel the energy in
your breath as you breathe in and allow it to splash all over the injured muscles.
See the muscles relax. Can you feel them warming? Good. And let the tension
in your muscles flow out with your breath as you exhale.

After several breaths, he reported that he felt his back warming and
that the muscles seemed to loosen up. The profile corroborated the subjec-
tive report (see Fig. 14B): The injured left side rose from 90.7° to 94.9°F and
the noninjured right side from 92.3° to 95.5°FE The EMG, parenthetically,
dropped only slightly. Thus, the rise in local temperature seemed to be a
greater determinant of pain reduction than the change in EMG, which was
negligible. It is interesting to note that there was about a 1.5°F difference
in the temperature of the muscles before training began.

Summary

All psychophysiological modalities are influenced by the momentary
availability of O,, dissipation of CO,, and the resultant acid—base balance
of the cellular and extracellular milieu. Vascular caliber and blood flow to
the body tissues and the brain, neuronal excitability, and muscle tone are
dependent, on a breath-by-breath basis, on the mechanics and physiology
of breathing behavior.

Physiological monitoring of common modalities, such as tempera-
ture, ECG, EMG, and EEG, reveals patterns in psychological, psycho-
physiological, and stress-related disorders that strongly suggest an under-
lying tissue O, deficit, i.e., graded hypoxia. Successful biofeedback and
self-regulation treatment strategies suggest a correction of that deficit,
based on the hypothetical mechanisms currently thought to underlie the
processes in these modalities.
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CHAPTER 11

Breathing

Physiological Reasons for
Loss of Self-Control

P G. E Nixon

Survival and health depend on the ability of the organism to maintain its
internal environment in an orderly, stable, and controlled condition. This
axiom (Dubos, 1980) is the basis of the author’s approach to the failures of
homoeostatic regulation of the breathing that are called “hyperventila-
tion”; he does not include the overbreathing that is secondary to organic
conditions such as pulmonary embolism or metabolic disorders (e.g.,
aspirin intoxication). Respiratory disregulation does not appear on its own,
but as one element of the multiple systems disturbances that occur in
people who are stretched beyond the boundaries of their physiological
tolerance by effort and distress. The loss of order and stability and control
of the internal milieu is the result of inability to deal successfully with
environmental stressors and adapt to change. In civilian life, these chal-
lenges to human performance may be so low in profile and so long drawn
out as to be well-nigh invisible, but in wartime they are prominent, and
excellent descriptions have been written (e.g., T. Lewis, Cotton, Barcroft,
Milroy, Drifton, & Parsons, 1916; T. Lewis, 1918).

Human performance in the face of effort and distress depends chiefly
on two factors: (1) the unconscious homoeostatic competence of the indi-
vidual and (2) cognitive responses to the challenges of the external
environment. Those with high and enduring performance are regarded as

P G. E NIXON + 43 Weymouth Street, London WIN3LD, England.

Clinical Applied Psychophysiology, edited by John G. Carlson, A. Ronald Seifert, and Niels
Birbaumer. Plenum Press, New York, 1994.

157



158 11. BREATHING AND LOSS OF SELF-CONTROL

“hardy” (Kobasa, Maddi, & Kahn, 1982) or “coherent” (Antonovski, 1985).
Those who fall easily into loss of performance and health are vulnerable,
often through poverty and deprivation in childhood (e.g., Barker, 1991).

The chief enemy of order and stability is arousal. At one end of its
spectrum, arousal can provide for wakefulness, vigilance, and well-fitting
responses to environmental challenges. At higher levels, beyond the
physiological tolerance of the individual, it can produce homeostatic
degradation, catabolic disorders, and acceleration of entropy. It is unfortu-
nate that arousal cannot be measured as an entity, but we can be thankful
that Frankenhaeuser (1989) and Henry (1982) are helping us to picture the
relationships between the various emotions involved and their neuroendo-
crine expression.

The relationships between performance and arousal have long been
acknowledged, but not previously employed in health care as a model for
diagnosis, management, prevention, and rehabilitation (Nixon, 1989). The
performance—arousal curve appears to be a much more useful model for
solving the riddles of failure of respiratory self-control than a binary or
reductionist approach.

Such a curve is illustrated in Fig. 1. Healthy function of the internal
milieu is one of the rewards for living on the upslope in a well-balanced
fashion. The hardy have high curves. The vulnerable have low curves and
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Figure 1. Human function curve. This diagram depicts a performance—arousal curve used as
a model for a systems or biopsychosocial approach to clinical problems (e.g., the
hyperventilation-related disorders). (P) Point of instability, at which little extra arousal is
required to produce the catastrophe of breakdown.
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“go over the top” into downslope incompetence at lower levels of stimula-
tion and effort.

The top of this curve is not drawn with the traditional plateau because
most patients can see a watershed in an event, a change of relationship, a
loss or trauma that took them from order to disorder. Alexithymics have
difficulties in perceiving this watershed, and carry on struggling until
their freedom is interrupted by one or more of the somatic downslope
disorders. Their being unaware of movement beyond the boundaries of
physiological tolerance makes it difficult for them to learn how to maintain
order and stability, and many cardiovascular patients are drawn from their
ranks (King, 1991).

In this context, “fatigue” refers to a healthy condition of tiredness
readily relieved by rest and sleep, while “exhaustion” refers to a self-
defeating, morbid condition in which vicious cycles are set up, for exam-
ple, by hyperventilation and anxiety, and the sleep loss they cause. These
vicious cycles can carry the individual downward as he struggles furiously
but fruitlessly to close the gap between his diminishing performance and
health and the higher level of performance he believes to be intended of
him. It is useful to regard the gap as the breeding ground of hyperventi-
lation.

The principal feature of life on the downslope is that the struggle to
improve performance causes it to deteriorate, and this deterioration gener-
ates further arousal. It is for this reason that a struggle to improve and
control breathing behavior is defeated under tuition when pupil and
therapist try too hard. Downslope life is accompanied in its earlier or
lighter phases by hypersensitivity to stimulation and increased reactivity,
a phenomenon probably responsible for “neurasthenia” and other pejora-
tive labels. In the later and deeper phases, there is a depression of
sensitivity and responsivity. These two phases correspond with and are
probably caused by the biphasic neuronal responses to hypocapnia (Lum,
1981). The earlier phase generates anxiety and stimulates the breathing,
and its adrenergic effect increases the breathing response to any given
level of carbon dioxide in the blood (Schaefer, 1958). It is probable that
hyperventilation-related cardiac disorders are generated in the first phase
and the fatigue syndromes in the second.

Downslope life is impaired by a variety of physiological and behav-
ioral alterations collectively called the “downslope disorders” (see Table 1).
The inappropriate breathing or hyperventilation is both the marker of a
downslope position and the trigger of other disorders. For example, the
chronic loss of carbonic acid by expiration is balanced by the increased
secretion of alkalis into the urine. When severe, the depletion of the
alkaline reserves in the muscles, for example, causes fatigue and loss of the
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Table 1. Downslope Disorders

Functions impaired on the downslope?

Performance Emotionalism
Information processing Behavior
Adaptation Social support
Habituation Internal milieu:
Alexithymia Neuroendocrine
Respiration Immune
Sleep Sex steroid

K, Mg

AUTONOMY

The factors listed are those that impair human perfor-
mance when arousal extends beyond physiological toler-
ance and carries the individual onto the downslope of his
or her performance-arousal curve. K and Mg refer to the
excessive loss of potassium and magnesium ions. AUTON-
omy denotes the quality lost when freedom is removed by
illness or surrendered to control and surveillance by medi-
cal authorities.

capacity for physical effort through diminution of the anaerobic threshold
(effort syndrome). Common symptoms are fatigue and aching limbs, the
major elements of many chronic fatigue syndromes. The unbuffered acid
is carried centrally and stimulates further overbreathing, another self-
injurious respiratory vicious cycle.

In highly aroused subjects, there is diuresis of magnesium ions
(Seelig, 1989). This loss of “nature’s own calcium blocker” reduces opposi-
tion to the rise of intracellular calcium ionization that is induced by the
respiratory alkalosis of hyperventilation and thereby promotes vaso-
constriction. The intracranial vessels are highly sensitive to this type of
vasoconstriction, and cerebral ischaemia might be one reason the hyper-
ventilator is unaware of his disorder and often aggressively opposed to the
very notion that his illness can be related to overbreathing (B. I. Lewis,
1959; King, Rosen, & Nixon, 1990). The effects of this ischemia can be
aggravated by the Bohr effect, namely, the reduced release of oxygen from
the blood in respiratory alkalosis.

The catabolic shifts that take place in high-arousal states and increase
with the loosening of homoeostatic and cognitive controls in exhaustion
(Sterling & Eyer, 1988) add to the burdens of effort and distress and,
consequently, encourage further hyperventilation. By producing arousal-
induced disorders of self-regulation, such as hypertension and hyper-
cholesterolemia, these shifts can divert diagnostic and therapeutic atten-
tion away from the prime mover, which might be the vicious cycle of
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hyperventilation’s amplifying arousal and arousal’s increasing the over-
breathing (see Table 2).

Sleep provides the opportunity for anabolism, a powerful promoter of
order and stability in the internal systems. Unfortunately, its value is
reduced by chronic hyperventilation. The chronic depletion of the alkaline
buffering systems that is produced by prolonged excessive loss of carbonic
acid causes the pH regulation to be sensitive to small changes of breathing
behavior. When the breathing is reduced during the first 2 or 3 hr of sleep,
an acidosis develops. At a critical point, this reduction triggers an over-
breathing response and wakens the subject with hypocapnia (Ley, 1988).
The consequences can include anxiety, panic, sleepwalking, nausea, mus-
cular pains or cramps, and cardiac pain or arrhythmia or both. These
symptoms are commonly attributed to depressive illness, but the noctur-
nal awakening from depression occurs later in the night. The sleep distur-
bance due to hyperventilation-induced pH instability aggravates the ex-
haustion and the catabolic disorders and provides one more reason for
failure of self-control of breathing. The daytime counterpart of the sleep
disorder is an urge to activity that defeats attempts to rest in even the most
exhausted of hyperventilators.

Table 2. Metabolic Shifts Found in High-Arousal Conditions®

Catabolic hormones increased Anabolic hormones decreased
Cortisol (glucocorticoids) Insulin
Epinephrine Calcitonin
Norepinephrine Testosterone
Glucagon Estrogen
Growth hormone Prolactin
Antidiuretic hormone (vasopressin) Luteinizing hormone
Renin Follicle-stimulating hormone
Angiotensin Gonadotropin-releasing hormone (GnRH)
Aldosterone (mineralocorticoids) Prolactin-releasing hormone (PRH)
Erythropoietin Atriopeptin
Thyroxine Thymosins
Parathormone Lymphokines
Melatonin Cytokines

Thyroid-releasing hormone (TRH)
Adrenocorticotropic hormone (ACTH)
Opiates

Enkephalin

Dynorphin

Endorphin

“Based on Sterling and Eyer (1988).
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Diagnosis and Clinical Testing

The most important step is to think of loss of control of breathing
behavior in subjects who present failure to make and to sustain effort as
they ought and get worse when they try harder. Features of the downslope
position will be present, as well as a variety of symptoms from the list of
B. L. Lewis (1959) (see Table 3). The respiration is likely to be unobtrusive,
but increase of rate, upper chest movement, and sighing, particularly
when emotionally charged subjects are discussed, provides clues for the
observant.

Until the late 1980s, many clinicians relied on a forced hyperventila-
tion provocation test to elicit the symptoms of the patient’s complaint. This
test fails more often than it succeeds because the important determinants
of symptomatology, namely, arousal and chronicity (buffer base deple-
tion), are not replicable. On the other hand, the discussion of an emo-
tionally charged topic or personally relevant stressor might trigger a bout
of severe and prolonged hypocapnia (B. I. Lewis, 1954, 1959; Nixon &
Freeman, 1988). It is not suggested that the population can be divided into

Table 3. Common Presenting Symptoms in Hyperventilation-Related Iliness®

4. Cardiovascaular
Palpitations, “skipped beats,”

1. Neurological
A. Central

Disturbances of consciousness—
faintness, dizziness, unsteadiness,
impairment of concentration and
memory, feelings of unreality,
“losing mind,” complete loss of
consciousness (infrequent)

B. Peripheral
Paraesthesias—numbness, tingling
and coldness of fingers, face, and
feet

. Musculoskeletal

Diffuse and/or localized myalgia and

arthralgia, tremors and coarse twitching

movements, carpopedal spasm and
generalized tetany (infrequent)

. Respiratory

Cough, chronic throat “tickle,”

shortness of breath, atypical “asthma,”

tightness in or about the chest, sighing
respiration, excessive yawning

tachycardia, atypical chest pains—
sharp precordial twinges, dull
precordial or lower costal ache—
variable features of vasomotor
instability

. Gastrointestinal

Oral dryness, globus, dysphagia, left
upper quadrant or epigastric distress,
aerophagia, belching, bloating, and
flatulence

. Psychic

Variable anxiety, tension, and
apprehension, inappropriate pseudo-
calmness (hysterical subjects)

. General

Easy fatigability, generalized weakness,
irritability and chronic exhaustion,
frightening dreams, sleep disturbances

“Based on B. I. Lewis (1959).
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hyperventilators and nonhyperventilators, but that the reduction of self-
control of breathing in patients with hyperventilation-related illness per-
mits them to breathe more deeply and to go on longer than others in
response to imagery.

Physiological Testing

For physiological testing, the author uses a clinical capnograph, an
instrument that continuously records the partial pressure of the carbon
dioxide in the exhaled air drawn through a fine plastic tube held by a light
headband in one nostril (Nixon & Freeman, 1988). It can be used to seek
evidence of loss of homoeostatic self-correction, loss of cognitive self-
control, vulnerability to the imagery of personally relevant stressors, and
depletion of alkaline buffering systems. These features can be seen in the
capnograms presented below.

Capnogram 1. Capnogram 1 (Fig. 2) is taken from a 30-year-old man
informed 10 days earlier that he had aortic incompetence (AI) and needed
open-heart surgery. He is extremely anxious but shows no signs of
hyperventilation. The upper level, the end-expiratory level known as the
PETCO,, is normal and stable in the control period and not altered by a
minute of reading aloud. The 3-min forced hyperventilation test is fol-
lowed by a return to the same level as in the control period. This level is
maintained during the imagery of his predicament. [Note that alexi-
thymics are expected to be unresponsive to imagery (King, 1991).]

Capnogram 2. Capnogram 2 (Fig. 3) is a tracing from a middle-aged
businessman with an alcohol problem. The upper-level (PETCO,) is not
constant, but falls from 38 to 30 mm Hg during the control period and
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Figure 2. Capnogram 1.
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Figure 3. Capnogram 2.

remains at 26 mm Hg for 2 min after the 1-min forced hyperventilation
provocation test (FHPT). These two features indicate failure of homeostatic
self-regulation. During the imagery of a personally relevant stressor, his
PETCO, falls again, indicating vulnerability. At MBIN (his statement “My
breathing is normal”), he is convinced that his breathing is normal but
the PETCO, is now extremely low, 25 mm Hg, revealing gross error of
perception.

Capnogram 3. Capnogram 3 (Fig. 4) is from a middle-aged man with
pseudoangina due to hyperventilation. Before pedaling on a lightly
loaded bicycle ergometer, the Perco, falls from 34 to 26 mm Hg from
failure of homoeostatic self-regulation. Cycling brings him to his anaer-
obic threshold at 5 min (a), and the PETCO, starts to fall. The legs ache at (a).
At (b) he has chest pain, and at (c) he is compelled to stop by feelings of
exhaustion.

Conclusions

The reductionist approaches of conventional medicine to hyperven-
tilation have yielded little of value for everyday diagnosis and manage-

Figure 4. Capnogram 3.
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ment, probably because this inappropriate breathing behavior does not
stand as an entity. A systems approach, using a modified performance—
arousal curve as a model, enables hyperventilation to be seen as a marker
of loss of order and stability of the internal systems through failure of
homoeostatic and cognitive control—when individuals are thrust beyond
the boundaries of physiological tolerance onto the downslope of their
performance--arousal curves. After this point the overbreathing is accom-
panied by other downslope disorders, a shift from anabolic to catabolic
metabolism, and a startling diversity of somatic symptoms of the internal
disarray. The hyperventilation is not only a marker of position but also an
author of further deterioration.

There are five major reasons for loss of self-regulation of the breath-
ing. The first is the excessive loss of carbonic acid (CO, + HO,) from the
system. The body responds by dumping alkalis, magnesium, and po-
tassium into the urine. In severe and prolonged cases, the consequence is
depletion of the body’s alkaline buffering systems and gross reduction of
the anaerobic threshold. The skeletal muscles weaken and ache, and the
unbuffered lactic acid reaches the brain, where it increases the respiratory
overdrive. The difficulty of making and sustaining effort also increases the
arousal level, which in turn further simulates the breathing. In buffer
depletion, the pH regulation becomes sensitive to variations of breathing
and effort. The most common clinical footprints of this condition, apart
from the growing difficulty of making effort, are wakening with hypocap-
nic symptoms 2-3 hr after falling asleep, inability to relax the muscles or
the breathing, and difficulties of standing still in a line after hurrying to the
queue.

The second reason is that the breathing-control system is but one facet
of the whole body’s failure of homoeostatic control in the exhaustion and
disarray of the downslope.

The third reason is the failure of cognitive self-correction: The individ-
ual cannot correct his hypercapnia if he is unaware of it. This lack of
perception may reflect cerebral ischemia caused by hypocapnic vaso-
constriction and hypoxia caused by the Bohr effect.

The fourth reason is the vulnerability of some individuals to hyper-
ventilation when they encounter or imagine personally relevant stressors.
The hypocapnia can be severe and prolonged, and remain uncorrected by
homoeostatic and cognitive mechanisms.

A fifth reason is vulnerability to the vicious cycles of arousal and
hyperventilation. Arousal stimulates the breathing, which in turn ampli-
fies the arousal. A point is reached at which the individual becomes
hypersensitive and hyperreactive to stimuli and produces somatic symp-
toms. These increase the anxious arousal and thereby aggravate the hyper-
ventilation.
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It would be a naive therapist who took the simplistic view that
hyperventilation is an entity requiring no more than a breathing drill for its
correction. Much more is required (King, 1988). The subject is easily
exhausted and in homoeostatic disarray. The problems of adapting and
coping with the psychosocial environment require help. The recovery of
an anabolic upslope position is essential. Adequate sleep and the ability to
modulate arousal must be achieved. It is axiomatic that too hard a struggle
to succeed guarantees failure of recovery.

Finally, it is helpful to the therapist to think of uncoupling the
breathing from its liaison with arousal and recoupling it to the body’s
needs for making and sustaining effort.

Summary

Hyperventilation is considered to be a part of human failure to
maintain an orderly and stable internal milieu in the face of adversity. This
chapter describes its associated disorders and the physiological reasons
for failure of self-regulation, together with therapeutic implications.
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PART V

Neuromuscular Disorders

The two chapters in this neuromuscular section apply clinical psycho-
physiology to two quite distinct categories of disorders. Chapter 12, by
Herta Flor and Niels Birbaumer, looks at chronic back and temporoman-
dibular pain from the standpoint of assessment and treatment. By contrast,
Chapter 13, by Edward Taub, examines the problem of “learned nonuse”
of a limb from the perspective of the development of the disorder and
rehabilitation in both monkeys and humans.

In their chapter, Flor and Birbaumer review a number of studies in
their laboratory showing that maximum electromyographic (EMG) levels
occur at the site of chronic pain (in the back or jaw). These and other
studies support their “diathesis—stress” model of musculoskeletal pain.
The authors also summarize three of their treatment studies in which the
effectiveness of EMG feedback training was assessed relative to cognitive
behavior therapy and standard medical treatment for pain. Their results
generally support the use of biofeedback and even suggest some negative
effects of combining biofeedback with cognitive treatment. The careful
and systematic work by these researchers helps document the psycho-
physiological nature of neuromuscular pain syndromes and the usefulness
of applied psychophysiology with biofeedback in clinical interventions.

Taub’s chapter provides a detailed review of work in his and others’
laboratories relating to the problem of a failure of recovery from a loss of
motor ability owing to a period of nonuse of a limb—Ilearned nonuse. Taub
reviews extensive research with monkeys deafferented to produce a loss of
motor ability in one arm. His hypothesis is that following deafferentation,
the animals do not use the affected limb for a considerable period of time,
and when initial attempts are made to use the limb, the animal fails and is
punished; thereby it learns not to use it (learned nonuse). Taub’s research
shows that such techniques as (1) deafferentation of the other arm,
(2) training (shaping) of the deafferented arm, and, most important,
(3) restraint of the other (intact) limb will all lead to an increased ability
to use the deafferented limb. Presumably, immobilizing the intact arm
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increases motivation for use of the deafferented arm. Outside the animal
laboratory, in his own research with small groups of stroke victims, Taub
has demonstrated considerable improvement in a group restrained from
using their nonaffected arms. Taub’s procedures present physical thera-
pists and others in the field of rehabilitation with simple but elegant
options for treating a wide variety of cases of impaired motor ability,
including such problems as spinal cord injury, incontinence, nonuse of a
prosthetic limb, and others.



CHAPTER 12

Psychophysiological Methods in
the Assessment and Treatment of
Chronic Musculoskeletal Pain

Herta Flor and Niels Birbaumer

Theoretical Background

Psychophysiological assessments of chronic musculoskeletal pain—
specifically chronic back pain—have become very popular over the last
decade (cf. Cram, 1988; Dolce & Raczynski, 1985; Flor, Miltner, & Bir-
baumer, 1992b). Bilateral asymmetries, abnormal resting tension levels,
abnormal movement patterns, and abnormal reactivity to stressors have all
been targets of assessment. However, there have been few attempts to
apply psychophysiological theories to the study of chronic musculoskele-
tal pain and to establish a program of research based on hypotheses
regarding psychophysiological specificities that may contribute to the
development or maintenance of chronic pain, or to both processes. More-
over, grave methodological problems [e.g., inadequate sample selection,
inadequate recording sites, lack of stressor definition (for a review, see Flor
& Turk, 1989)] have led to very inconsistent results in the published
literature.

Two theoretical concepts are of value in the study of the psycho-
physiology of chronic musculoskeletal pain. First, the respondent condi-
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tioning of tension and pain has been postulated as a basic mechanism to
account for the development of chronic musculoskeletal pain syndromes
(cf. Flor, Birbaumer, & Turk, 1990; Gentry & Bernal, 1977; Linton, Melin, &
Gotestam, 1985). It is assumed that pain leads to reflex muscle spasm and
sympathetic activation that may become conditioned to innocuous stimuli
present in the pain-eliciting situation. Over time—provided the increases
in muscle tension are frequent and of sufficient magnitude and duration—
these physiological processes may eventually lead to persistent pain and
suffering. This newly acquired pain is often unrelated to the original
source of pain, although patients may attribute it to the original pain-
eliciting event.

Based on this model, it is important to demonstrate that (1) muscle
tension levels can be classically conditioned, (2) the muscle tension levels
attained induce pain, and (3) chronic pain patients overreact physio-
logically to stimuli associated with the original pain episode.

A second important theoretical concept is that of response stereotypy
and—in the case of a physical disorder—symptom specificity. The term
“response specificity” was introduced by the Laceys (cf. Lacey & Lacey,
1958; Lacey, 1967) and refers to the observation that in addition to stimulus-
specific responses, individuals display a stereotypical physiological reac-
tion to a variety of stimuli—namely, a temporally consistent hierarchy of
physiological responses. Malmo and his co-workers (e.g., Malmo, Sha-
gass, & Davis, 1949) suggested that pain patients are prone to show
maximum physiological reactivity—so-called “symptom specificity”—in
the muscular system and that this overutilization might induce musculo-
skeletal pain syndromes. This concept was extended by Sternbach (1966),
who noted that the prolonged return to baseline levels following the
response to a stressor might be more indicative of physiological dysregula-
tion than the amplitude of the response. Thus, the demonstration of a
musculoskeletal response specificity (increased response amplitude or
duration or both) would be of considerable value in understanding the
pathophysiology of chronic musculoskeletal pain.

We have included these concepts in a diathesis—stress model of
chronic musculoskeletal pain (cf. Flor et al., 1990). Specifically, we pro-
posed that once a diathesis to respond with a specific body site and system
has been established, e.g., through learning, trauma, or genetic differ-
ences, frequent and intense life stress that is not adequately coped with
may lead to a hyperreactivity of a specific muscle group to stress (see Fig.
1). Over time, this overutilization of a muscle group may lead to pain that
may later be maintained by additional instrumental learning as described
by Fordyce (1976).
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174 12. CHRONIC MUSCULOSKELETAL PAIN
Response Specificity in Chronic Musculoskeletal Pain

In a series of studies (Flor, 1991; Flor, Birbaumer, & Turk, 1987; Flor,
Birbaumer, Schugens, & Lutzenberger, 1992a; Flor, Birbaumer, Schulte, &
Roos, 1991a; Flor, Turk, & Birbaumer, 1985), we examined the diathesis—
stress model in patients with chronic back pain (CBP), patients with
heterogeneous types of pain [general pain group (GP)], and patients with
chronic temporomandibular pain and dysfunction (TMPD), using ade-
quate methodology. Study 1 included 17 CBP patients, 17 patients who
suffered from a diverse array of chronic but not musculoskeletal pain
syndromes, and 17 healthy controls (HC). Mental math, recitation of the
alphabet, and discussion of stress and pain episodes were used as stress-
ful and neutral situations. Electromyography (EMG) was recorded from
the lower and upper back and from the frontalis muscle. Heart rate and
skin conductance were utilized as general measures of arousal. The data
from this study showed that (1) CBP patients displayed a maximum
response in the back musculature, whereas frontalis, heart rate, and skin
conductance responses did not differ from those of the HC or the GP group
(see Fig. 2); (2) the CBP patients also showed a prolonged return to baseline
levels in the back musculature; and (3) they responded in a manner
different from the HC group and the GP group only in the personally
relevant (discussion of life events), but not during the general stress
situation (mental math) or while reciting the alphabet (neutral control).
Depression, as well as cognitive and affective pain components, explained
most of the variance in physiological reactivity.

In a second study, we set out to replicate these findings using patients
with TMPD (cf. Flor et al., 1991a). Again, a maximum response at the site of
pain (here the masseter muscles) was obtained. There were no differences
between patients with muscular or articular dysfunctions. In order to
assess the extent to which this response was site-specific or generalized, a
third study included both TMPD and CBP patients and used imagery of
personally relevant stressful and neutral events in order to reduce talking-
related artifacts (Flor et al., 1992a). The results of the previous studies were
virtually replicated. Again, we found a maximum EMG response of the
back pain patients in the back musculature as compared to the masseter
and biceps muscles that served as controls. In addition, we observed that
the TMPD patients were maximally responsive in the masseter muscle.
However, using imagery, the response was much more pronounced on the
left than on the right side of the body. We also replicated the prolonged
return to baseline data for the lower back. (This was not possible at the
masseter because the subjects were engaged in reports of the image
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Figure 2. Reactivity of the back muscles to the various stressors. Each stressor consisted of
1 min prebaseline, 1 min discussion, and 1 min postbaseline. Healthy controls, 5
chronic back pain group, -+ ; general pain group, — — — —.

content after the imagery.) Skin conductance levels and the EMG at the
nonaffected muscles behaved identically in all three groups.

Using imagery, we obtained a different heart rate response pattern.
Whereas the healthy controls displayed their maximum response in heart
rate, the back pain patients had only a nonsignificant heart rate change.
Lacey and Lacey (1958) have interpreted heart rate acceleration as some
type of perceptual defense, and deceleration as increased attending to the
environment. The observed dissociation of heart rate and EMG in the
patients might also be interpreted as reflecting active coping, the lack of
heart rate reactivity as passive coping sensu Obrist (1976). The significant
negative correlation (r = —0.38) between heart rate reactivity and helpless-
ness toward the pain might reflect this circumstance. Arntz, Merckelbach,
Peters, and Schmidt (1991) also observed lower heart rate reactivity in CBP
patients during a cold-pressor test and put forth a similar interpretation.

In order to obtain a comparable scale of the physiological measures
across all subjects, we standardized the stressor-related responses of all
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Figure 3. Standardized z-scores for the psychophysiological reactivity (stress phase minus
baseline). (HC) Healthy controls; (CBP) chronic back pain group; (TMPD) temporomandibu-
lar pain and dysfunction group; (M) musculus; (SCL) skin conductance level; (HR) heart rate;
(L) left; (R) right; Tr = trapezius; M.E.Sp. = muscular erector spinae; Er = erector spinae.

groups by using z-scores. This display (see Fig. 3) shows that the healthy
controls are maximally responsive in their heart rate, whereas the CBP
patients and the TMPD patients responded most with their affected
muscles. These data clearly support the muscular response stereotypy
notion of our diathesis—stress formulation.

In addition to these reactivity measures, we assessed how well the
patients were able to discriminate and control the muscle-tension levels
they produced. Lack of discrimination, and hence lack of control of muscle
tension, might explain why these patients maintain their elevated muscle-
tension levels over prolonged periods of time. In order to assess discrimi-
nation, we presented the subjects—again 20 CBF, 20 TMPD, and 20 HC—
with bars of varying height on a video monitor (cf. Flor, Schugens, &
Birbaumer, 1992c). Subjects were instructed to tense their back or their jaw
musculature to the degree that matched the height of the bar presented to
them. Analysis of these data revealed that all three groups of subjects were
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able to achieve comparable muscle-tension levels overall. Neither the mean
nor the maximum values differed, thus making a pain-related inability of
the patients to tense their muscles highly unlikely. Both the average correla-
tion coefficients and the slopes of the EMG-subjective rating relationship
were significantly lower in the pain patients as compared to the healthy
controls. This was true for both the masseter and the back muscles (see Fig. 4).

Thus, these patients do not have a localized deficit in tension discrimi-
nation that might be explained by changes in proprioception at the site of
pain; rather, they display a generalized central proprioceptive defect. We
are currently investigating whether this lack of discrimination is restricted
to the somatosensory system or whether it extends to other modalities
(e.g., the auditory).

Finally, we have begun a program of research to determine the extent
to which classically conditioned EMG responses may contribute to the
development and maintenance of chronic musculoskeletal pain syn-
dromes. So far, we have found that EMG responses of the forearm
musculature may be quite easily conditioned to neutral tones (cf, Fig. 5), as
well as to slides of human faces, and that the conditioned responses are of
substantial magnitude. Moreover, we have noted generalized increases in
muscle tension over the course of an experimental session (Flor, First,
Hermann, Schugens, Lutzenberger, & Birbaumer, 1991b).

However, we also found very large individual differences in the condi-

100

20

B ce- 1 w0 EE wc

Figure 4. Discrimination of tension in the masseter muscles (percentage of significant
correlations). (CBP) Chronic back pain group; (TMPD) temporomandibular pain and dys-
function group; (HC) healthy controls.
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Figure 5. Mean number of conditioned responses (CRs) to the neutral tone stimulus. CRs are
defined as deviations from the baseline that exceed 3 standard deviations. (ACQ+) Acquisi-
tion for CS+; (ACQ—) acquisition for CS—; (EXT+) extinction for CS+; (EXT—) extinction
for CS—.

tionability of the EMG and sizable differences in the amount of generaliza-
tion to unrelated muscles such as the trapezius. We are currently studying
this phenomenon with analog pain patients (students who suffer from epi-
sodic pain) and also plan to investigate these differences in clinical samples.

Behavioral Treatment of Chronic Musculoskeletal Pain

Based on these psychophysiological findings, a reduction of EMG
reactivity and an improvement of the perception of muscle tension would
seem to constitute specific treatments for chronic musculoskeletal pain
syndromes—pain syndromes that have traditionally been resistant to
medical interventions. A treatment method that ideally meets these goals
is EMG biofeedback. In three successive studies, we assessed the efficacy
of EMG biofeedback for chronic back pain and chronic temporomandibu-
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lar pain and dysfunction. Study 1 compared EMG biofeedback to a
pseudotherapy (playback of the stored feedback from another patient)
and a medically treated control group. Auditory, criterion-oriented bio-
feedback was provided from the site of pain, complemented by perception
and tension-reduction exercises. The training lasted for 12 sessions and
was provided on an inpatient basis. Follow-up data were collected 4
months and 2 years posttreatment.

This study showed that EMG biofeedback is very effective in reducing
pain in CBP patients (see Fig. 6). Its effects clearly exceed those of the
placebo treatment. In addition, significant changes were observed in pain-
related cognitions, EMG levels, and use of the health care system (Flor,
Haag, Turk, & Kohler, 1983). These positive results were maintained at the
2-year follow-up (Flor, Haag, & Turk, 1986).

Study 2 examined both CBP and TMPD patients and compared
biofeedback (BFB) to cognitive—behavior therapy (CBT) and traditional
medical treatment (MED). CBT was chosen as a control because it also
includes a relaxation and stress-management component and has yielded
positive results with chronic pain patients. The protocol followed the

%T Improvement

70, Biofeedback Pseudotherapy Control
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Figure 6. Percentage of change in average daily pain intensity for the three treatment groups.
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suggestions by Turk, Meichenbaum, and Genest (1983) and Holzman,
Turk, and Kerns (1986). Both treatments consisted of eight 60-minute
individual therapy sessions. The biofeedback was structured as in study 1.
In addition, stress phases during which patients were required to reduce
tension levels while assuming a stressful body position or while imaging a
stressful life event were interspersed with feedback-free phases. Tension-
perception and relaxation exercises performed at home complemented the
program.

Assessment of treatment-related changes was undertaken on the
medical-somatic, the psychophysiological, the behavioral, and the verbal-
subjective level (cf. Birbaumer, 1984). In addition, process-oriented mea-
sures and credibility ratings for the treatments were obtained.

This study again yielded a superior effect of the EMG biofeedback
treatment compared to both the cognitive-behavioral and the medical
treatments (Flor & Birbaumer, 1991; Flor & Birbaumer, 1993). These positive
effects were most marked on the verbal-subjective levels. Pain severity
and interference related to the pain [as measured with the MPI (Kerns,
Turk, & Rudy, 1985)] were reduced by 40-60% in the BFB group only,
whereas the CBT and the MED group exhibited marginal changes in these
variables. Cognitive and affective variables such as life control and affec-
tive distress were also most significantly improved in the BFB group. These
changes were maintained at the 15-month follow-up (see Fig. 7). Although
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Figure 7. Treatment-related changes in pain severity (MPI). (BFB) Biofeedback; (CBT) cogni-
tive behavior therapy; (MED) medical treatment; (mo) months.
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these patients displayed a few pain behaviors, they were typical doctor
shoppers overutilizing the health care system. The number of doctor visits
was reduced in all treated groups, but this reduction was significant only
in the BFB group. EMG baseline levels were unchanged compared to
pretreatment; stress reactivity was most reduced in the BFB group, with the
reduction becoming marginally significant at the follow-up. The success of
the BFB treatment group was highly related to initial stress-related reac-
tivity (r = —0.55, p < 0.01) and to the amount of practice the patients
undertook during the course of the treatment (r = 0.54, p < 0.01), whereas
the success of CBT was predicted by cognitive variables such as catastro-
phizing (r = —0.45, p < 0.01). There was no specific predictor for the
success of the medical treatment; however, chronicity was a significant
negative predictor for all therapies. In contrast to most of the studies
reviewed by Turk and Rudy (1990), this study did not use treatment-
specific exclusion criteria; moreover, the results of the patients who
dropped out of treatment were considered in the analysis.

We suspected that the lack of success of the CBP treatment might have
been related to the inadequate duration of the treatment. In addition, we
thought that a combination of EMG biofeedback and CBT might yield even
better results and that it might also be more cost-effective than CBT by
itself. We therefore conducted a third study in which four 30-min sessions
of EMG-BFB combined with eight 60-min sessions of group CBT were
compared with ten 60-min sessions of group CBT. A third group received
an equal amount of conservative medical treatment. The assessment in-
struments were identical and the patient sample comprised 90 patients.

The still preliminary results of this study suggest that the combination
of BFB and CBT is less effective than each treatment delivered separately.
Compared to the previous studies, the results are also positive for the
psychological treatments—but more modest: The BFB—CBT combination
and the extended CBT both yielded greater reduction in pain severity than
the MED group, but less than the BFB treatment in studies 1 and 2.

Interference underwent a far greater change in the CBT group than in
the BFB and MED groups. Both life control and affective distress changed
most markedly in the CBT group, but at follow-up, both psychologically
treated groups were more changed than the MED group in life control, and
only the BFB group maintained its change in affective distress.

If the results of study 2 and study 3 are compared, it becomes quite
clear that the BFB treatment by itself leads to the most significant improve-
ments in all subjective variables. The combination of BFB with CBT lowers
the efficacy of BFB. BFB used by itself is an easily understood and easily
learned procedure that yields immediate reinforcement, whereas the CBT
approach is more difficult for the patients to follow and probably needs
extended treatment times. This assumption is supported if one compares
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the results of the 8-session individual treatment from study 2 with the
extended 12-session group CBT of study 3. The change obtained through
the CBT is consistently higher in study 2 compared to study 3. In both
studies, the conservatively treated groups did not make any significant
treatment gains (see Fig. 8).

Conclusions

The results of these studies suggest that chronic musculoskeletal pain
syndromes such as chronic back pain (CBP) and temporomandibular pain
and dysfunction (TMPD) are truly psychophysiological disorders. It has
been shown that both CBP and TMPD patients respond with muscular
hyperreactivity to stress and possess deficits in self-perception and self-
regulatory abilities. Treatments such as EMG biofeedback that are geared
toward the removal of these deficits may thus be most effective. Psycho-
physiological assessments that are based on a sound theoretical rationale
are useful tools in selecting patients for psychophysiological treatments
and are themselves valuable predictors of treatment outcome.
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Figure 8. Percentage of improvement on the MPI Scales in study 2 and study 3. (BFB/CBT)
Biofeedback treatment in study 2, combined biofeedback and cognitive behavior therapy in
study 3; (CBT) cognitive behavior therapy (eight sessions in study 2, ten sessions in study 3);
(MED) medical treatment; (Pain) MPI pain intensity; (Int) interference; (AffD) affective
distress; (Life C) life control.
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CHAPTER 13

Overcoming Learned Nonuse

A New Approach to Treatment
in Physical Medicine

Edward Taub

When an injury to the nervous system or other part of the body results in
an initial loss of motor ability, the long-term result is generally considered
to involve one of two possible outcomes: (1) The injury permanently
destroyed an anatomical substrate or structure on which the lost move-
ment was based; thus, motor function will never return. (2) The injured
substrate will recover or heal, either entirely or in part, and motor function
will then return to the maximum extent permitted by the underlying
restitution of the anatomical substrate. The assumption that these are the
two main possible outcomes is sufficiently strong that alternate outcomes
are rarely considered. The purpose of this chapter is to suggest a third
possibility related to the existence of a new mechanism, termed “learned
nonuse.” This mechanism is behavioral in nature. It is proposed here that
the mechanism often prevents the return of motor function following a
number of different types of injury to a level consistent with the recovery
of the substrate, thereby making an initial motor deficit permanent.
However, the mechanism can be overcome or reversed by behavioral
means so that all or much of the lost capability can be reinstated.

The plan of this chapter is to first describe the learned nonuse
mechanism and the techniques for overcoming it. They were unexpectedly
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discovered in the course of research on the effects of somatosensory
deafferentation in monkeys. Next, there will be a description of the
manner in which this work led to the development of a new approach to
the rehabilitation of chronic motor deficit after stroke in humans. A clear
symmetry was found between the results from the basic research labora-
tory following deafferentation in monkeys and the results from the clinic
following stroke in humans, and it was also found that this symmetry
could be used for therapeutic purposes. In the next section of the chapter,
it will be suggested that the learned nonuse mechanism also operates to
produce excess motor disability in a variety of other conditions, including
neurological injury other than that produced by stroke, and possibly
during periods of remission in arthritis and after fracture of the pelvis and
fracture of other bones, especially in the elderly. If so, then the techniques
developed for overcoming learned nonuse following deafferentation in
monkeys and stroke in man might have general applicability to other
situations in which the motor deficit appears to be in excess of that
warranted by the organic condition. Finally, it will be suggested that
overcoming learned nonuse is one of the major reasons that biofeedback is
effective in many cases in which it results in functional improvement in
physical medicine. Education or reeducation of muscles is important, but
so is overcoming learned nonuse.

Somatosensory Deafferentation in Monkeys

Background

The spinal nerves emerge from the spinal cord in two roots. The
dorsal root is sensory, and by severing all the dorsal roots that innervate a
limb, one can eliminate all sensation from that limb capable of supporting
ongoing sequences of behavior; however, the motor innervation through
the ventral roots remains intact. The general problem originally addressed
in a series of somatosensory deafferentation experiments with monkeys
that I began with Harriet Knapp and A. J. Berman was whether or not
somatosensory feedback and spinal reflexes are necessary for the per-
formance of different categories of movement and for various types of
learning.

The classic experiment in the area was carried out by Mott and
Sherrington (1895), who deafferented a single upper extremity in a series of
monkeys and found that the animals did not make use of it in the free
situation. Mott and Sherrington recognized that severing dorsal roots
abolishes spinal reflexes by interrupting their sensory component. On the
basis of their data and this consideration, they concluded that spinal
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reflexes are necessary for the performance of purposive or (in their terms)
voluntary movement, and further that they are the basic building blocks
from which the behavior of organisms is constructed. This contention
became the cornerstone of the Sherringtonian reflexological position. It
was the dominant view in neurophysiology for approximately 70 years,
and also strongly influenced some of the major learning theories of
behavior that were the hallmark of behaviorism in the late 1920s and 1930s
(for additional discussion of this topic, see Taub, 1977).

The basic observation that monkeys do not use a single deafferented
upper extremity was replicated in a number of neurophysiologically
oriented studies [Sherrington & Denny-Brown (cited in Sherrington, 1931);
Lassek, 1953; Twitchell, 1954]. However, given the theoretically important
nature of this finding, our laboratory decided to reevaluate it through the
use of behavioral techniques; this had not yet been done in a consistent
fashion.

We found, contrary to the accepted view, that there were a variety of
techniques that could lead monkeys to exhibit purposive movement of the
affected extremity following somatosensory deafferentation (summarized
in Taub, 1977). These results indicated that chained stretch reflexes were
not necessary for the learning and performance of most types of movement
in monkeys.

Because of the basic orientation of the research, the main effort was
directed at uncovering the nature of the mechanisms responsible for the
phenomena we were observing. It did not become apparent for some time
that some of our findings had potential therapeutic relevance for the
human case.

Behavioral Methods for Overcoming Motor Deficit following
Unilateral Forelimb Deafferentation in Monkeys

There are two general behavioral methods and one surgical method
that can be used to induce a monkey to use a single deafferented forelimb.
The first behavioral method involves preventing use of the intact limb by
means of a restraining device that immobilizes the intact limb but leaves
the deafferented extremity free. While in the restraining device, our
anijmals were observed to use the deafferented limb extensively for pos-
tural support, ambulation, climbing, and even prehension (Knapp, Taub,
& Berman, 1963). This finding was confirmed by Stein and Carpenter
(1965). A similar observation had been made in the early part of the
century by Munk (1909), but, perhaps because of the immense authority of
Sherrington, it had been ignored and was consequently unknown in the
1960s. In our work, we found that when restraint was imposed for only 1 or
2 days, there was a striking immediate reversion to nonuse of the deaffer-
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ented extremity as soon as the restraining device was removed. However, if
the device was allowed to remain in place for a longer period, the ability to
use the affected extremity transferred from the restraint condition to the
life situation and became permanent (Taub, 1976, 1977, 1980). A useless
limb was thereby converted into a limb capable of extensive movement. We
have obtained a permanent motor improvement with a restraint period as
brief as 3 days, but never shorter.

A second behavioral method for overcoming the inability to use a
single deafferented limb is the application of techniques for training that
limb. In our early work, we employed conditioned response techniques for
enabling the animals to make a variety of movements, including phasic
forelimb flexion (Knapp, Taub, & Berman, 1958, 1963; Taub & Berman,
1963, 1968; Taub, Bacon, & Berman, 1965), grasp (Taub, Ellman, & Berman,
1966), forelimb flexion on a fixed-ratio schedule of reinforcement (Taub,
Williams, Barro, & Steiner, 1978), and sustained limb flexion and compen-
sation for progressively increasing loads on the arm (Taub, 1976, 1977;
Wylie & Tyner, 1981, 1989). However, transfer never occurred between the
experimental and life situations (Taub, 1976, 1977). The movements that
were trained in the conditioning chamber were never observed to be
performed in the colony environment.

The situation was different when we used shaping techniques (Skin-
ner, 1938). A shaping technique is a type of training method in which a
desired motor or behavioral objective is approached in small steps, by
“successive approximations.” The amount of improvement required for
successful performance at each step is always small. With shaping tech-
niques, the animals not only learned to employ a single deafferented limb
in the training situation but also its use transferred to the life situation.
This result was in contrast to the case for conditioned response training.
Shaping appeared to provide a bridge from the training situation, enabling
extensive movement in the animals’ normal environment.

The behaviors shaped included (1) reaching toward visual targets
(Taub, Goldberg, & Taub, 1975a) and (2) prehension in juveniles deaffer-
ented on day of birth (Taub, Perrella, & Barro, 1973) and prenatally (Taub,
Perrella, Miller, & Barro, 1975b), who had never exhibited any prehension
previously. In both cases, shaping permitted an almost complete reversal
of motor capacity, which progressed from total absence of the target
behavior to very good (though not normal) performance.

Bilateral Forelimb Deafferentation

A third technique that leads to use of a deafferented forelimb in the
free situation is, paradoxically, surgical deafferentation of the contralateral
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intact extremity (Knapp et al., 1963; Taub & Berman, 1968). This observa-
tion has been confirmed by a number of investigators (Bossom, 1972;
Bossom & Ommaya, 1968; Denny-Brown, 1966; Eidelberg & Davis, 1976;
Gilman, Carr, & Hollenberg, 1976; Liu & Chambers, 1971; Wylie & Tyner,
1981, 1989). Thus, doubling the size of the lesion does not make the motor
deficit greater, as might be expected, but rather enables the animal to
make extensive use of a limb that was not previously employed at all in
the free situation. This observation is of primary interest with respect to
theoretical considerations concerning the Sherringtonian reflexological
position (Taub & Berman, 1968; Taub, 1977). However, it is also relevant
to the issues of interest in this chapter, in two ways: (1) The work uncovered
the fact that spinal shock supervenes (and then diminishes) following limb
deafferentation, thereby preventing use of the extremity in the early
postoperative period. (2) The work made even more salient the question
of why a monkey does not use a single deafferented limb in the free
situation.

Spinal Shock

Several months after operation, a unilaterally deafferented forelimb is not
paralyzed. The affected limb either has normal tone or is mildly hypo-
tonic, and it is often kept flexed at the elbow and adducted at the shoulder
in the so-called “paretic posture.” The limb engages in movement; Mott
and Sherrington referred to these movements as “associated movements”
because they often occur when the other limbs, especially the contralateral
intact forelimb, are moved. However, the limb is never used.

Following bilateral forelimb deafferentation, the forelimbs are also use-
less in the immediate postoperative period. They exhibit little movement
and typically hang limply, almost without tone. However, in contrast to the
chronic unilateral case, there is subsequently recovery of function that is
characterized by its gradual character. After the restitution process has
gone to completion, the bilaterally deafferented animals are capable of the
same wide range of movement as is exhibited by unilaterally deafferented
monkeys after restraint of the intact forelimb. For most classes of move-
ment, the recovery process requires from 2 to 6 months. For prehension,
increases in dexterity have been noted on occasion well into the second
year after surgery (Taub, 1976, 1977; Taub & Berman, 1968).

The absence of movement and tone in the forelimbs following bilateral
deafferentation is the result of a shocklike phenomenon that follows
substantial neurological injury, whether at the level of the spinal cord
(spinal shock) or brain (diaschisis). With regard to deafferentation, the
elimination of somatosensory input results initially in a reduction within
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the spinal cord in the background level of excitation that maintains neurons
in a subliminal state of readiness to respond. This effect is most marked in
the deafferented segments of the spinal cord, where the depressed condi-
tion of the motoneurons greatly elevates the threshold for incoming excita-
tion necessary to produce movement. The early postsurgical spinal shock
may also be partly due to active inhibitory processes. As time elapses
following bilateral deafferentation, recovery processes raise the back-
ground level of excitability of motoneurons so that movements can once
again be expressed.

The nature of these recovery processes is at present not clearly
understood. Sprouting of collaterals from intact neural elements in the
vicinity of synaptic spaces denuded by the degeneration of severed af-
ferent axons was observed some time ago (Liu & Chambers, 1958; Gold-
berger, 1974; Goldberger & Murray, 1974). This mechanism has never been
conclusively shown to be involved in the recovery from bilateral forelimb
deafferentation; however, it remains a clear logical candidate for at least
part of the effect.

The Central Question: Difference in the Results for Bilateral
and Unilateral Deafferentation

As noted, deafferentation of a contralateral intact forelimb results in a
monkey being able to use a single deafferented forelimb that had never
been employed in the free situation. Why, then, did monkeys not use that
extremity before the deafferentation was rendered more extensive? This
question became one of the central enigmas of the primate deafferentation
literature. A second question also emerged. There were now three proce-
dures that led to the ability to use a single deafferented forelimb: deaffer-
entation of the contralateral limb, restraint of the intact extremity, and
training of the deafferented limb. Was the mechanism of recovery of use
the same in the three cases? If so, what was it?

Learned Nonuse

The search for the answer to these questions required the conduct of a
number of experiments over approximately 15 years. The work took place
intermittently, different studies being done when new ideas presented
themselves as an explanation for the puzzling experimental phenomena.
False starts were made with regard to the first two hypotheses considered.
[For a more complete account, see Taub (1977, 1980) and Taub and Berman
(1968).]
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The Learned Nonuse Formulation

The final hypothesis considered, based on several converging lines of
evidence, suggested that the nonuse of a single deafferented limb in the
free situation is a learning phenomencn involving a conditioned suppres-
sion of movement. The mechanism was said to operate in the following
manner: Immediately after operation, monkeys cannot use a deafferented
limb; recovery of function requires considerable time, as data from animals
with bilateral forelimb deafferentation had shown. An animal with one
deafferented limb tries to use that extremity in the immediate postopera-
tive situation, but finds that it cannot. It gets along quite well in the
laboratory environment on three limbs and is therefore rewarded for this
pattern of behavior. Moreover, continued attempts to use the deafferented
limb often lead to aversive consequences, such as incoordination and
falling and, in general, failure in any activity attempted with the deaffer-
ented limb. Many learning experiments have demonstrated that aversive
consequences or punishment results in the suppression of behavior (e.g.,
see Kimble, 1961). This habit persists, and consequently the monkeys
never learn that several months after operation, the limb has become
potentially useful. In contrast, animals with both limbs deafferented (and
incapacitated) do not get along very well in the laboratory environment.
Motivation remains very high to use the deafferented extremities (in
contrast to the unilateral case), and as soon as utility begins to return, the
limbs are used to the extent possible.

When the intact limb is immobilized several months after unilateral
deafferentation, motivation to use the deafferented limb increases sharply.
The animal either uses the limb or it cannot with any degree of efficiency
feed itself, locomote, or carry out a large proportion of its normal activities
of daily life. This increase in motivation overcomes the learned nonuse of
the deafferented limb, and consequently the animal uses it. However, if the
straitjacket is removed a short while after the early display of purposive
movement, as was the case in our initial experiment, the newly learned use
of the deafferented limb acquires little strength and is therefore quickly
overwhelmed by the well-learned habit of nonuse. If the straitjacket is left
on for several days, however, use of the deafferented limb acquires
strength and is then able to compete successfully with the learned nonuse
of that limb in the free situation.

The learned nonuse mechanism is depicted schematically in Fig. 1,
and the method by which techniques that overcome learned nonuse
operate is presented in Fig. 2. The models shown in the figures explain the
phenomena that follow forelimb deafferentation in monkeys. However,
they are meant as more general formulations that also apply to other
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Figure 1. Schematic model for development of learned nonuse. After Tries (1991).

situations in which excess motor disability develops, as will be discussed
below.

During the course of this century, several investigators have found
that a behavioral technique could be employed in animals to substantially
improve a motor deficit resulting from neurological damage (Chambers,
Konorski, Liu, Yu, & Anderson, 1972; Lashley, 1924; Ogden & Franz, 1917;
Tower, 1940; Yu, 1980). Lashley and Tower, working with monkeys follow-
ing pyramidotomy, invoked in passing a simple form of the learned nonuse
hypothesis as a possible explanation for their specific results. The possi-
bility that this might be a general mechanism was not considered, nor did
their hypothesis, based as it was on isolated observations, receive very
much attention. However, in terms of the subject of this chapter, it is of
interest to note that there are some interesting parallels in terms of the
possible participation of a learned nonuse mechanism in the masking of

Masked Increased Atfected N
Learned recovery | | motivation limb Positive
Nonuse of limb accesses used reinforcement
use function
Limb used
Further More in life
practice reinforcement stituation-
permanent

Figure 2. Schematic model of the mechanism for overcoming learned nonuse.
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the behavioral capacity actually present both after pyramidotomy and after
unilateral forelimb deafferentation.

Direct Test of the Learned Nonuse Hypothesis

All the evidence cited up to this point constitutes indirect evidence for
the learned nonuse hypothesis. Consequently, we attempted to test the
hypothesis in direct fashion (Taub, 1977, 1980). This involved restraining a
deafferented limb in several animals so that they could not attempt to use it
for a period of 3 months following surgery. In thus preventing an animal
from trying to use the deafferented limb during the period before recovery
of function had taken place, one should thereby prevent the animal from
learning during that interval that the limb could not be used. Learned
nonuse of the deafferented limb should therefore not develop. Thus, the
unilaterally deafferented animal should be able to use the deafferented
extremity in the free situation, though never again subjected to restraint
of the intact limb.

On removing the animals from the restraining situations 3 months
after surgery, we found that they were able to use the deafferented limb,
and the ability to do so spontaneously reached the level normally exhibited
by animals with both forelimbs deafferented. No further interventions
were needed to accomplish this result.

Thus, the learned nonuse hypothesis was confirmed by direct test.
Suggestive evidence was also obtained during the course of our prenatal
deafferentation experiments. In this regard, it is interesting to recognize
that life in the physically restrictive uterine environment imposes major
constraints on the ability to use the forelimbs (though it does not entirely
prevent use of the limbs). Consequently, prenatal deafferentation of a
single limb could provide a means of testing the learned nonuse hypoth-
esis. We studied three animals that had received unilateral forelimb
deafferentation during the prenatal period and were then placed in utero
for the remainder of gestation: two when two thirds of the way through
gestation and one when two fifths of the way through gestation (Taub et al.,
1975b). Early illness and a muscular deformity prevent a clear interpreta-
tion of the results from one of the animals deafferented two thirds of the
way through gestation. However, the other two animals exhibited purpo-
sive use of the deafferented extremity from the first day of extrauterine
life, at which time they both employed the limb for postural support
during “sprawling” and in pushing to a sitting position. Subsequently,
though the intact limb was never restrained, the ability to use the deaffer-
ented limb paralleled the development of motor ability in animals given
bilateral deafferentation on the day of birth. Thus, the results from the



194 13. OVERCOMING LEARNED NONUSE

prenatally deafferented animals provide additional evidence in favor of the
learned nonuse explanation for the lack of purposive movement following
unilateral forelimb deafferentation in adolescent monkeys.

Previous Research with Humans

In 1967, I received a visit from Dr. Laurence Ince, an investigator in
physical medicine. He observed an experiment employing one of the
simple conditioned-response paradigms we were using at the time. A
unilaterally deafferented monkey was seated in a restraining chair, and its
intact arm was tied to one of the vertical supports of the apparatus, thereby
immobilizing it. The monkey’s task was to flex its deafferented limb in
order to avoid an electric shock to the intact limb. The monkeys learned the
avoidance task rapidly and rarely received shock.

Dr. Ince wondered whether a similar procedure might be of value
with human patients after stroke; they also had a unilateral motor disabil-
ity. By this time, the learned nonuse formulation described above had
received initial consideration. Since learned nonuse was conceived as a
general mechanism that might apply after many types of neural injury, Dr.
Ince’s cogent suggestion seemed very much worth trying. He transferred
the technique used with unilaterally deafferented monkeys to chronic
stroke patients with almost no change (Ince, 1969). The unaffected arm
was tied to the limb of a chair, and the patient had to make a flexion of brief
excursion with the plegic limb in order to avoid electric shock. The study
included three patients who had made little use of their affected extremi-
ties since experiencing their stroke, which in each case was at least 1 year
earlier. The motor status of two of these persons did not change; however,
one individual improved substantially, not only in the training situation
but also in the life situation. Though the sample size was very small, Ince
may well have adventitiously come upon the percentage of stroke patients
with chronic motor deficit who can be helped by techniques for overcom-
ing learned nonuse (see below).

An investigator at the same institution, Jacob L. Halberstam, became
interested in Ince’s results and carried out a larger-scale study with 20
elderly cerebrovascular accident (CVA) patients and 20 age-matched con-
trol subjects (Halberstam, Zaretsky, Brucker, & Guttman, 1971). There
were some changes. The unimpaired arm was not tied down, and in
addition to limb flexion, a second task, lateral movement at the elbow, was
added. Otherwise, the procedures were essentially similar. Most of the
patients increased the amplitude of their movements with practice in the
two conditioned-response tasks, some greatly. There was no report of
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whether this improvement in movement transferred to the activities of
daily life.

One might think that this work would be considered promising.
However, it was largely ignored, rarely being referred to in the papers of
other investigators. The reason for this lack of attention may be that the
techniques employed were at such variance from those employed in
physical rehabilitation at the time. Other investigators, not operating
within a learned-nonuse context, have used training techniques to obtain
some improvements in limb use in chronic stroke patients whose greatly
impaired motor function was presumably not amenable to future recovery
(Franz, Scheetz, & Wilson, 1915; Balliet, Levy, & Blood, 1986).

Starting in 1981, I was prevented from carrying out my own research
for a period of six years (Taub, 1991), and additional time was required to
establish a laboratory in the new institution to which I moved. However, it
was fortunate that during that time, Dr. Steven L. Wolf of the Emory
University School of Medicine, following a pilot case study (Ostendorf &
Wolf, 1981), was able to begin an important project that took the restraint
portion of the published protocol (Taub, 1980) and applied it to chronic
neurological patients (Wolf, LeCraw, Barton, & Jann, 1989). Approximately
three quarters of the patients had experienced a stroke, while one quarter
had experienced traumatic brain injury. For all patients, at least 1 year had
elapsed after brain damage before the beginning of treatment. The experi-
mental intervention involved an attempt to force use of the involved upper
extremity by restraining the “good” limb in a sling for a period of 2 weeks.
The sling was worn during waking hours, but was removed for sleep and a
Ya-hr period of exercise. It is important to note that no attempt was made to
combine shaping (or any other type of training technique) with the
restraint procedure.

Wolf employed 21 tasks to assess motor ability in terms of, depending
on the task, speed or force of movement. Different tasks required differen-
tial contributions from the distal and proximal musculature. The choice of
tasks reflected an eminently appropriate attempt to examine changes as a
result of intervention on a joint-by-joint basis. The selection was in part
empirical, based on Wolf’s prior biofeedback research, and in part based on
consultation with vocational rehabilitation counselors in the Greater At-
lanta area. Prior to the beginning of the restraint intervention, task perfor-
mance was tested over a series of six baseline sessions. Patients were again
tested during the middle of the 2-week restraint period, at its end, and at
four times during the ensuing year.

Most of the patients exhibited improvement on many of the timed
tasks, and a substantial number exhibited improvement on all or nearly all
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of them. On a group basis, improvements were significant for performance
on 19 of 21 tasks. However, it was found, surprisingly, that a considerable
amount of this improvement occurred during the six baseline sessions,
i.e., before the restraint device was applied. For many of the timed tasks,
the improvement in performance from the last baseline session to the first
postintervention session was not unequivocally greater than might have
been expected from a projection of the baseline curve of improvement
through an additional (baseline) session. That is, the improvement ob-
served in the session after restraint was removed could conceivably have
been the result of the administration of additional training in that testing
session itself, rather than being due to the prior restraint. For other timed
tasks, there was a more marked improvement between the last baseline
session and first postintervention session than would have been expected
from a projection of the baseline curve of improvement.

In an effort to deal with the ambiguity produced by the improvement-
through-baseline effect, Wolf and co-workers gave five additional subjects
ten baseline sessions rather than six. The objective of this procedure was to
bring subjects to an asymptote in their motor improvement so that further
improvement following restraint of the unaffected arm could be clearly
attributable to the restraint procedure. However, for many tasks, this was
not clearly the case, and in any event, the postrestraint improvement was
sometimes not large as compared with the baseline improvement. When
the data for all 21 timed tasks for these five subjects are considered
together, there was essentially no change in task performance between the
last baseline session and the last treatment or last follow-up session.
However, there was a substantial improvement from the first baseline
session to the end of treatment. This is probably the more significant
aspect of the data, as will be discussed below.

The data for the three force or strength tasks show the improvement-
through-baseline effect in even more pronounced fashion than the timed
tasks. For the 21 primary subjects, there was at least as great, if not greater,
improvement during the baseline period than there was during the treat-
ment and follow-up periods.

Systematic data concerning the quality of movement in the activities of
daily life were not obtained in the experiment of Wolf and co-workers.
Therefore, it is not possible to determine the extent to which there was
transfer from the experimental to the life situation.

While not conclusive, the study by Wolf and co-workers and the
studies of Ince (1969) and Halberstam and co-workers (Halberstam et al.,
1971) raised the possibility that some humans can learn to overcome an
inability or reduced ability to use an impaired limb after stroke or trau-
matic brain injury through the application of one of the techniques de-
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signed to overcome learned nonuse. The promising nature of the results
stimulated the work of my colleagues and myself at the University of Ala-
bama at Birmingham and guided its planning. The work was carried out in
collaboration with Neal E. Miller, Thomas A. Novack, Edwin W. Cook III,
William D. Fleming, Cecil S. Nepomuceno, Jane S. Connell, and Jean E.
Crago (Taub et al., 1993). It was conducted at the Spain Rehabilitation
Center of that institution with the help of its director, Dr. Samuel L. Stover.

An Experiment on Overcoming Learned Nonuse
in Humans after Stroke

The design of the experiment represented an attempt to optimize the
amount of motor improvement that could be produced in chronic stroke
patients and that could be unequivocally attributed to the treatment
interventions. We employed both types of techniques that had been used
to overcome learned nonuse following unilateral deafferentation in mon-
keys: not only restraint of the unimpaired limb but also training of the
impaired extremity. We also employed a separate-groups design with an
attention-comparison group that made it valid to administer only one
baseline prerestraint testing session. It was therefore possible to avoid the
possibility of an improvement-across-baseline-days effect from affecting
the results. In addition, data were obtained on whether the effects of the
procedures employed in the clinic had generalized and had an effect on
improving the extent and quality of motor function in activities of daily
life.

Potential subjects were identified from physician files at the Spain
Rehabilitation Center and from the files of Drs. James Halsey and Lindy E.
Harrell, of the Department of Neurology of this institution. They were
then evaluated in structured examinations first by a physical therapist
(J.E.C.), after which the most promising candidates were examined by a
physiatrist (W.C.E or C.5.N.).

The following exclusion criteria were employed: (1) stroke experienced
less than 1 year earlier; (2) lack of ability to extend at least 10° at the
metacarpophalangeal and interphalangeal joints and 20° at the wrist (the
focal criterion); (3) balance problems, including walking at all times with
an assistive device; (4) ability to make extensive use of the involved upper
extremity so that significant further improvement could not be expected;
(5) serious cognitive deficits (as determined from the medical chart, the
two examinations noted above, and a battery of cognitive tests); (6) exces-
sive spasticity (not found in any subject meeting criterion 2); (7) serious
uncontrolled medical problems; (8) age greater than 75 years; and (9) left
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arm dominance or left hemiplegia (for ease in test administration with the
equipment employed).

Nine persons who met the study’s inclusion criteria were randomly
assigned to either an experimental group (four) or an attention-comparison
group (five). The subjects in the two groups were closely matched in initial
motor ability and did not diverge significantly in such demographic
characteristics as age (median: restraint group, 65 years; comparison
group, 63 years), sex (one male per group), and socioeconomic status.
Chronicity ranged from 1.2 to 18 years (median: restraint group, 4.1 years;
comparison group, 4.5 years).

For the experimental group, the unaffected limb was secured in a
resting hand splint and then placed in a sling; the affected arm was left
free. The restraint was to be worn at all times during waking hours except
when specific activities were being carried out (e.g., excretory functions,
naps, and situations in which balance might be compromised). Each
subject agreed to spend well over 90% of waking hours in restraint. The
restraint devices were worn for 14 days. On each of the 10 weekdays during
this period, patients spent 7 hr at the rehabilitation center and were given a
variety of tasks to be carried out by the paretic upper extremity for 6 hr
(e.g., eating lunch with a fork and spoon, throwing a ball, playing
dominoes or Chinese checkers, card games, writing on paper, writing on a
chalkboard, pushing a broom, Purdue Dexterity Board, Minnesota Rate of
Manipulation Test).

The procedures given to the comparison group were designed to
focus attention on the involved extremity. This was accomplished in three
ways:

(1) Patients were told during four periods on separate days that they
had much greater motor ability with their affected extremity than they
were exhibiting; they were exhorted to focus attention at home on using the
affected extremity in as many new activities as possible. Examples were
given; record keeping was required and monitored.

(2) Patients received two sessions designated physical therapy, but
involving only activities that required neither active movement nor limber-
ing of the involved limb.

(3) Patients were given self-range-of-movement exercises to carry out
at home for 15 min a day. In these exercises, the affected extremity was
passively moved into a variety of positions by the unaffected extremity.
Thus, the involved limb was not given any experience of or training for
active movement.

Each of the tests employed to assess motor functions was adminis-
tered to experimental and comparison subjects just before and imme-
diately after their 2-week intervention period. The Emory Motor Function
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Test, developed by Wolf and collaborators at Emory University, was dis-
cussed above. Half the items involve simple limb movements without
functional endpoints; only four involve complete tasks that are commonly
carried out in the life situation. We employed the test because it was clearly
an excellent method of assessing basic motor acts. However, the results
from this test, while quantitative, have an unknown relationship to a
person’s ability to perform the activities of daily life (ADL). The Arm Motor
Activity Test (AMAT) was developed to provide this information (Mc-
Culloch, Cook, Fleming, Novack, Nepomuceno, & Taub, 1988). It consists
of 16 compound tasks composed of one to three component tasks per-
formed continuously without the subject’s awareness of the component
parcellation. Each of the compound tasks is a complete ADL commonly
carried out in the life situation (e.g., donning a sweater, picking up a single
dried bean on a spoon and bringing it to the mouth, unscrewing a jar cap).
Performance on both tests was videotaped and was scored both at time of
administration by an experimenter and from the videotape by three
clinicians blind to group membership and pre- and postintervention order
of test administration. Breaking the tasks of the AMAT down into compo-
nent segments and timing each component permits the type of quantifica-
tion possible with simpler actions without interfering with the normal flow
of movement characteristic of everyday activity.

A third instrument, the Motor Activity Log, provided information
about motor function in the life situation. It consists of 14 common and
important activities of daily life from such functional areas as feeding,
dressing, and grooming. For each item, the patient must report whether
and how well (on a 6-point scale) each activity was performed.

Mean performance times on the two motor-ability tests were signifi-
cantly faster for the restraint group than for the control group following
treatment (Fig. 3). Performance times for the experimental group decreased
30.0% from pre- to postintervention, whereas the mean performance times
of the comparison subjects on both tests increased 2.2%. In individual
subject statistical tests, all four experimental subjects exhibited significant
or near-significant improvement in performance time following restraint
(all ps < 0.06, median p = 0.002), whereas none of the subjects in the
comparison group showed significant improvement (all ps > 0.3).

Quality of movement and functional ability were significantly im-
proved among experimental subjects relative to control subjects on both
the Emory Test and the AMAT at the end of treatment (all ps < 0.003). The
comparison group did not improve on either scale on either test. On an
individual basis, each subject in the experimental group showed a signifi-
cant improvement on both scales on both tests. None of the comparison
subjects exhibited a significant improvement on either scale on either test.
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The version of the Emory Motor Function Test employed in this
experiment has two tasks that assess strength. One task involves lifting
progressively increasing weights strapped to the forearm from the surface
of a table to the top of a 9-in.-high box. A second task involves measuring
grip strength with a dynamometer. The comparison group patients
showed a pre- to postintervention increase of 10.0% in the lifting task and a
decrease of 8.8% in the grip task. Of the three experimental subjects for
whom data are available on the weight-to-box task [the data of one subject
(No. 4) were excluded because he exerted test maximum force during
pretreatment testing and therefore could not improve further], the first two
exhibited a larger pre- to postintervention increase in lifting ability (83.3%)
than the comparison subjects, but for grip strength (data from subject No.
4 were available for this task), there was little change (+9.3%). For the last
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experimental subject, an attempt was made to improve strength by provid-
ing brief periods of exercise with pulley weights. This was followed by an
808.9% improvement in the lifting task. No specific training was given in
grip; nevertheless, it increased in strength substantially (275%).

During and after restraint intervention, the Motor Activity Log (Fig. 4)
indicated that the experimental subjects exhibited a marked increase in
their ability to use their affected upper extremity in a wide range of
everyday activities, improving from a mean rating of 1.5 (“very little”/
“slight use”) to a rating of nearly 4 (“almost normal use”). Most of the
improvement was made during the treatment period. However, these gains
were retained during the entire 2-year follow-up period, and they even
increased somewhat during that time. The subject who improved most
between 1 month and 2 years after treatment (No. 1) is the only one who
complied with instructions to keep practicing at home the manual dexter-
ity tasks each had been assigned. Improvement from baseline for the
restraint group was significant at all times beginning at the second mea-
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Figure 4. Group data for Motor Activity Logs.
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surement point (day 4) of the first week of treatment. The rate of improve-
ment for the group and for each subject individually describes a typical
negatively accelerated learning curve. The restraint subjects performed
significantly better than the comparison subjects at each point after the
beginning of the interventions. In addition, as may be seen from Fig. 5,
there was no overlap in the Motor Activity Log scores of the individuals in
the two groups after the first week of restraint.

The improvement of the restraint patients in Motor Activity Log scores
reflects in part better quality of movement and in part the fact that these
patients were able to translate the improvements in the nature of their
movements measured in the laboratory into mastery of a large range of
activities of daily life that they had not been able to carry out with the
affected arm since experiencing their stroke. The new activities engaged in
included: brushing teeth, combing hair, picking up a glass of water and
drinking, eating with a fork or spoon, and writing, among others. Deter-
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Figure5. Individual data for Motor Activity Logs. The data are ipsitized so that each subject’s
pretreatment score is set to zero.
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mination on a simple binary basis of whether a subject made no attempt to
carry out a given motor activity in contrast with any attempt at all, at
whatever level of ability, is a more clear-cut, reliable measure than a
multistep rating scale. Table 1 indicates that there was a mean increase of
97.1% in the number of activities on the Motor Activity Log that the
patients could carry out 1 month after restraint compared to the period
before treatment. The comparable change for the comparison subjects was
14.5%. The difference between groups on this measure was significant
after the interventions (U test, p < 0.01), but not before. The robustness of
the effect is indicated by the fact that differences between groups were
statistically reliable even though the sample size was small. At 2 years after
treatment, there was no change in the restraint group’s ability to perform
the new tasks, but the comparison group had lost its small gain. The fact
that all four restraint subjects performed at the 14-item maximum for the
log at both 4 weeks and 2 years after intervention imposed an artificial
ceiling on the improvement that could be recorded for the restraint group

Table 1. Motor Activity Log: Number of Activities of Daily Life
That Could Be Performed before and after Interventions®

Restraint group

1 Month 2-Year
1 Month change 2 Years change

Subject  Pre post (%) post (%)
1 5 14 +180.0 14 +180.0

2 14¢ 14 — 14 —
3 9 14 + 55.6 14 + 55.6
4 9 14 + 55.6 14 + 55.6
Means: + 97.1¢ + 97.1¢

Comparison group
Subject

11 3 4 + 33.3 3 —
12 12 14 + 16.7 11 - 83
13 5 9 + 80.0 8 + 60.0
14 14 7 - 50.0 7 — 50.0
15 13 12 - 7.7 11 - 154
Means: + 14.5 - 27

2The maximum possible score is 14.

YThe ceiling effect in pretreatment performance renders this aspect of HD’s data
uninterpretable [though her quality of movement improved substantially (see
Fig. 5)].

¢p < 0.01 for the comparison between the restraint and comparison groups (Mann-
Whitney U test).
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on this instrument. Consequently, the data presented in Table 1 probably
understate the true improvement of the restraint subjects in activities of
daily life.

Neither group showed any pre- to postintervention cognitive change.
The lack of change in the restraint group suggests that the improvement on
the motor ability measures was not due to some nonspecific effect, such as
increased motivation to do well generally or elevated mood, that might
have resulted from contact with the project.

In interviews, each of the restraint patients stated that he or she was
capable of a greatly expanded range of activities in the life situation. They
reported that they had made major gains in what was, in effect, functional
independence. This is consistent with the results for the Motor Activity
Log. For example, subject No. 2, while her uninvolved arm was in re-
straint, baked a cake, brought it into the center, cut it into pieces, balanced
the pieces on a cake server and placed them on plates, and then served
them to project members using only the affected extremity throughout.
When two of the experimental patients (Nos. 4 and 1) were asked to sign
their names with the involved hand, they said they could not do this and
had not been able to since experiencing their stroke. They were asked to
try; it was perfectly all right if they could not do the task. Both subjects, to
their great surprise, were able to sign their names. The movements were
slow, but the signatures were of reasonably good quality (and both speed
and quality improved later with practice). Both these patients began
signing checks and writing notes in the life situation with the affected
hand (which, as noted, had been dominant before they had experienced
CVA). This led to part-time clerical employment for one of these subjects.
One of her main tasks was answering the phone with the unaffected hand
and taking messages with the affected hand. She was thereby able to
relieve a self-reported depressed state because she previously “had noth-
ing to do except spend most of my days staring at the four walls of my
apartment.” Though the comparison subjects also expanded somewhat
the extent of the activities carried out by their impaired limb, in no case did
this have significance for general functional independence in the life
situation.

Recent Clinical Use of the Learned Nonuse Approach

Desai (1991) has used a shortened form of the protocol for overcoming
learned nonuse in Houston in conjunction with EMG biofeedback, physi-
cal therapy, and occupational therapy in a series of chronic stroke and head
injury patients. The data indicate that the motor ability of the patients was
greatly improved. While one cannot conclusively isolate which part of the
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multimodality treatment effect was due to which component, his prior
experience with the last three modalities suggests that half the motor
improvement was due to the portion of the regimen designed to overcome
learned nonuse.

Tries (1989) has described a case in which restraint of the unaffected
limb was used with a left hemiplegic patient in the clinic for 12 1.5-hr
sessions distributed over 1 month. This treatment followed a course of
EMG biofeedback therapy and is reported to have resulted in considerable
additional motor improvement.

Relevant Issues for Interpretation of the Data

Were Placebo Factors Involved in the Motor Improvement? The improve-
ment in the restraint group in the study by Taub and co-workers was
superimposed on a median poststroke period of 4.1 years and a median
baseline of more than 3 years during which patients had reached a largely
unvarying plateau of greatly impaired motor function. These long base-
lines and the long follow-up period render the results for each subject of
increased therapeutic significance. Moreover, the maintenance of gains by
restraint subjects over a 2-year posttreatment period and the dissipation of
a much more modest effect over the same time interval in comparison
subjects argues against a significant contribution from attention/placebo
factors to the motor improvement of the restraint group.

The learned nonuse theory states that one of the two main functions of
interventions designed to overcome learned nonuse is to increase the
motivation to use the affected limb. Since the attention-control procedure
in this experiment would undoubtedly result in an increase in this type of
motivation, it may be viewed as a type of reduced treatment and is
therefore potentially more powerful for comparison purposes than an
attention-control procedure alone. This consideration further supports the
position that the improvement in movement in the restraint group was not
due to the operation of attention/placebo factors.

The Improvement-through-Baseline Effect. The study of Wolf and asso-
ciates (Wolf et al., 1989) revealed that simply having chronic stroke patients
practice movements in the clinic leads to improvement, often quite
marked, in the practiced tasks in patients who, by the traditional wis-
dom of the field, should be exhibiting no further motor recovery. How
can this striking phenomenon be accounted for? One explanation is that
the repeated practice constituted a type of training of the target move-
ments. Training, of course, was shown in the deafferentation research with
monkeys to be one of the two main methods for overcoming learned
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nonuse. Thus, the learned nonuse and overcoming learned nonuse models
both predict and can fully account for the learning-through-baseline effect.

How Great Was the Motor Improvement? A related issue is the question
of what the appropriate baseline is from which to measure the motor
improvement recorded in the experiments performed to date. The learned
nonuse formulation states that a major mechanism involved in overcoming
the learned nonuse of a limb is increasing the motivation to use it. Thus,
just by asking a patient to perform a test task, one is increasing that
person’s motivation to use a paretic limb in the immediate situation. This
factor, by itself, could substantially increase motor ability beyond that
which a patient would normally exhibit in the life situation. The Emory
Motor Function Test, as noted, consists mainly of isolated movements
without independent functional significance. With this type of test, it would
not be easy to determine whether initial test performance represented a
clear improvement over motor activity in the life situation. However, the
AMAT establishes an explicit functional endpoint for each task, thus
providing the patient (and the experimenter) with a criterion against which
current test performance can be related to life-situation motor activity. It is
probably for this reason that we repeatedly encountered the situation on
the AMAT that patients were greatly surprised at how well they were able
to perform a task. In a number of cases, they performed activities, on being
asked to do so, that they had not carried out since the time of their stroke.
We did not find this to be the case during the Emory Test.

These considerations, in addition to the improvement-through-
baseline effect, suggest that the performance on the first administration of
both the Emory Test and the AMAT could represent a substantial improve-
ment over the use to which the paretic limb is normally put in daily life.
Using the first test performance as the baseline for assessing the effects of
treatment could therefore result in an underestimate of the true improve-
ment that occurred as a result of the therapeutic intervention. Since the
Motor Activity Log elicits information about motor function before the
beginning of participation in the project and its attendant testing, it does
not suffer from this disadvantage. The Motor Activity Log involves self-
report, and this, of course, has inherent difficulties. However, as already
noted, reducing the responses on this test to a dichotomous deter-
mination—(1) inability to perform a task at all or (2) ability to perform the
task to whatever degree—removes some of the inaccuracies introduced by
a rating scale. By this measure (which itself involved a ceiling effect, as
described above, and may well have represented an underestimate), motor
improvement was more dramatic than on the two laboratory motor tests.
This degree of improvement, which is consistent with the day-to-day
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clinical observations of the staff, could well be the measure least subject to
artifact and most reflective of the true treatment effect.

Relative Contributions of Training and Restraint to the Motor Improve-
ment. In the experiment by Wolf and associates (Wolf et al., 1989), the
unaffected arm was restrained, but training of the affected arm was not
carried out. In the work described above, both techniques were employed.
Consequently, a difference in the results in the two studies, where they are
directly comparable, could provide an index of the value of training the
impaired limb when added to restraint of the unimpaired limb in overcom-
ing learned nonuse. In both experiments, the Emory Motor Function Test
was employed, but a different number of testing sessions was given in
each phase of the experiments, especially during the baseline period.
However, there are some common time points that can serve as the basis for
cross-evaluation. In both studies, there was at least one baseline testing
session and one testing session at the end of treatment. There were many
more baseline testing sessions in the work of Wolf and co-workers than in
the present study. However, since the repeated baseline sessions had the
effect of improving motor performance, the comparison of the difference
between the first baseline and last treatment sessions should tend to favor
the study of Wolf and co-workers. The results indicate that the median
decrease in performance time for all timed tasks was more than three times
as great in the study by Taub and co-workers as it was for the 21 primary
subjects in the study by Wolf and co-workers by the end of treatment.

The Emory Motor Function Test is comparatively straightforward, and
Dr. Wolf kindly invited our research group to his laboratory for training in
the administration of this test. Moreover, the restraint procedure, which
we also observed in Dr. Wolfs laboratory, is also relatively simple to
duplicate. Wolf and co-workers differentiated the tasks on their test by the
joints that were primarily involved in performing each. However, since all
but one of the timed tasks used by Wolf and co-workers were employed
here, it would appear legitimate to use the median decrease in perfor-
mance time on all tasks to obtain a rough comparison of subject perfor-
mance in the two studies.

These considerations suggest that adding training to the restraint
procedure greatly increases the extent to which learned nonuse can be
overcome. This suggestion in no way indicates that training is the more
important of the two treatment components, especially with regard to
performance in the life situation. Our experiment provides only data
relating to the interaction of the two techniques. It seems unlikely that
training of the affected limb alone would produce large treatment effects; it
is probably the combination of the two techniques that is effective.
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Population Potentially Amenable to the Overcoming-Learned-Nonuse Ap-
proach. An informal test employed by Wolf for determining the appro-
priateness of a patient for interventions for overcoming learned nonuse,
based on his previous research (Wolf & Binder-Macloud, 1983), involves
having a seated person project the affected hand and distal portion of the
forearm beyond the edge of a chair’s armrest. The patient is asked to first
extend the unsupported hand at the wrist and then extend the fingers to
the maximum extent possible. Approximately 20-25% of the stroke popu-
lation with chronic motor deficit can carry out these movements with
excursions of at least 20° and 10° at the two locations, respectively (thereby
exceeding the second exclusion criterion listed above). All the patients who
met this criterion in the work to date exhibited marked motor improvement
when given treatment for overcoming learned nonuse. While one would
not want to restrain the unaffected limb for 90% of waking hours in
patients who had balance problems, this probably would not be a bar to
effective therapy by a modified procedure restricted to supervised periods
during the day. The percentage of stroke patients with chronic motor
deficit who do not meet Wolf's informal criterion, but who would also
benefit from this therapeutic approach, is at present unknown. It would
clearly not be as high as in the current work, but at least some of these
patients might also be helped.

These considerations are of interest, since chronic stroke patients are
now a largely untreated population. Moreover, the learned nonuse thera-
peutic approach makes use of very little equipment, does not involve
drugs, involves payment for only a relatively modest amount of therapist
time, and has no side effects.

Applicability of the Learned Nonuse Model to Chronic
Stroke Patients with Motor Deficit

The results from the experiment described above indicate that in
stroke patients identified by the inclusion criteria of this study, motor
ability can be significantly increased by interventions that are effective in
overcoming learned nonuse. The data are characterized by their consis-
tency; there was virtually no overlap between the experimental and com-
parison groups in any of the parameters measured. While the sample size
was small, the effects were large and were maintained and even increased
somewhat over a 2-year follow-up period.

These results can be understood by reference to the models presented
in Figs. 1and 2. The models are set up to indicate that the learned nonuse
formulation is as applicable to the case of humans following stroke as it is
to monkeys following unilateral forelimb deafferentation. If the neural
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substrate for a movement is destroyed by CNS injury, no amount of
intervention designed to overcome learned nonuse can be successful in
helping recover lost function. However, many stroke patients (at a mini-
mum those defined by the inclusion criteria of this project) have considera-
bly more motor ability available than they make use of. As noted earlier in
this chapter, the suppression of this additional motor capacity is set up by
unsuccessful attempts at movement in the acute postinjury phase. In
contrast, attempts to cope with the motor demands of a situation without
using the affected extremity would be met, in many cases, with complete
or partial success. Neal Miller (1989) correctly includes in this process the
reinforcement of awkward and extremely inefficient uses of the affected
portion of the body itself during the postinjury period when these are the
only movements that can be made. Again, as noted above, rewarded
patterns of behavior are strengthened, thus leading to repetition. Hence,
the tendency not to use the involved limb and the substitution of “bad
habits” (Miller, 1989) would grow with time and would eventually achieve
enough strength in some individuals to dominate the situation. Later,
when recovery had proceeded to the point where the affected limb could
again be used effectively, the hemiplegic patient, like the unilaterally
deafferented monkey, would not, because of his history of reinforcement,
try to use the affected limb. The inability to make attempted movements in
the early postinjury phase is associated with the cortical shock or dia-
schisis characteristic of that period (Taub, 1977; Taub & Berman, 1963).
Recovery from cortical shock occurs over time; increased motor activity
should then become increasingly possible, but the suppression of move-
ment would remain unabated and inhibit use of the limb. Even if emo-
tional excitement produced an inadvertent expression of motor ability or if
treatment produced motor improvement in the clinic, this newly emerged
capacity would have little “strength” and would not compete successfully
with the well-learned habit of nonuse. Consequently, the nonuse of the
limb would persist and mask indefinitely an underlying capability for
extensive motor activity. However, if individuals are correctly motivated to
employ this unexpressed ability, they will be able to do so. The procedures
employed with the experimental patient group provided the conditions
under which various new uses of the limb could be practiced repeatedly,
thereby permanently overcoming the motor suppression. Consequently,
performance time, quality of movement, and the range of activities en-
gaged in all improved substantially. The results thus suggest that though
learned nonuse is an incapacitating condition, it can nevertheless be
reversed or overcome by appropriately directing the attention of an im-
paired subject. This objective can be accomplished to differing extents by a
variety of means. Prolonged restraint of the intact limb is effective in
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facilitating the expression of the latent motor ability, and repeated practice
in using the newly emerging motor ability can also be an important factor.

An alternative hypothesis is that the experimental interventions re-
sulted in some type of neural reorganization, perhaps involving sprouting,
that permitted improved motor performance. This possibility is rendered
unlikely, however, by the speed at which the motor improvement took
place. By the end of the first day of restraint, over 50% of the complete
improvement observed for the Motor Activity Log had already occurred
(see Fig. 4). This result has the appearance of the unmasking of an ability
that is already present, rather than the initiation of a neural restitution
process.

Excess Motor Disability

Excess motor disability that is substantially greater than appears
warranted by the organic condition of the individual is a common clinical
observation. Its existence in any individual case often cannot be demon-
strated conclusively, since by its nature it involves function that is not being
expressed and therefore cannot be observed. In this chapter, we have
described experiments indicating that following unilateral deafferentation
in monkeys and stroke in humans, there can be substantial excess motor
disability that is maintained by a learned nonuse mechanism. However,
the disability can be reversed. Similar results involving the use of tech-
niques for overcoming learned nonuse following stroke have been ob-
tained by Wolf and co-workers (Wolf et al., 1989) and by a number of other
investigators (Desai, 1991; Halberstam et al., 1971; Ince, 1969; Tries, 1989).
The extensive new motor function, which typically develops too rapidly
for the learning of new motor skills to be involved, indicates that the motor
ability being expressed had been latent, awaiting only the application of an
appropriate therapeutic intervention. We have also reviewed evidence that
excess motor disability can also occur following pyramidotomy and other
motor lesions in monkeys (Chambers et al., 1972; Lashley, 1924; Ogden &
Franz, 1917; Tower, 1940; Yu, 1980). Of particular additional interest is the
fact that Wolf and co-workers (Wolf et al., 1989) have used a technique for
overcoming learned nonuse in traumatic brain injury patients with pre-
dominantly unilateral motor involvement to improve motor performance
substantially, thereby suggesting that the pretreatment deficit involved
excess motor disability. Desai (1991) has obtained similar results in clinical
work.

The models for the development and overcoming of learned nonuse in
Figs. 1 and 2, respectively, are stated in general terms. The reason is that
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the formulation presumably identifies a general mechanism that operates
in a variety of conditions, not just after the neurological injuries just
specified. The formulation indicates that any type of organic damage that
results in an initial inability to carry out a function establishes the condi-
tions of reward and punishment (contingencies of reinforcement) conducive
to the development of learned nonuse; the operation of this mechanism
becomes superimposed on and strengthens the organically determined
inability to carry out the function. If the anatomical or biochemical sub-
strate the impairment of which led to the initial deficit recovers or heals,
learned nonuse could still hold recovery of function in check unless it is
overcome. Until now, the application of the learned nonuse mechanism has
been studied only with respect to neurological impairment of an upper
extremity. However, according to the formulation, the mechanism could
also apply to other types of function such as speech (as in aphasia); other
portions of the body, such as a lower extremity; or nonneural injury, such
as skeletal system damage.

There follows a discussion of a partial list of conditions that could in
some cases produce excess motor disability that is at least partly due to the
operation of the learned nonuse mechanism. For these cases, that portion
of the deficit due to learned nonuse would be reversible by the application
of an appropriate technique.

1. Peripheral Nerve Damage. After a peripheral nerve is severed, re-
generation usually takes place. Reflex testing may indicate that motor
pathways have been repaired, but in the case of some patients, purposive
use of the limb is permanently impaired. Much can go awry in the
regeneration process, but the possibility remains that in some cases, the
full range of motor function possible is being suppressed by learned
nonuse, especially if the nerve damage is primarily unilateral. I am
indebted to Dr. Wolf for noting that overcoming learned nonuse tech-
niques should not be employed in cases of peripheral nerve damage unless
one has made certain that there is electromyographic demonstration of
reinnervation of target muscles; even then, it might be wise to limit
movement efforts for the first postinjury year, since excess contractions
could possibly lead to fatigue that might result in regression in the nerve-
regeneration process.

2. Spinal Cord Injury. Following trauma to the spinal cord, there is
frequently a period of shock or diaschisis during which motor function is
impaired in regions below the level of injury. Subsequently, unless tran-
section has occurred, some or all of the lost motor capacity returns. In my
deafferentation experiments, for example, a remarkable amount of motor
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function was observed in the hindlimbs of monkeys with spinal cords that
had suffered severe damage in the upper thoracic region as a result of pro-
gressive compression from scar tissue formation and the action of over-
lying muscle following the extensive laminectomy required by intradural
brachial dorsal rhizotomy. In some animals, postmortem examination
revealed that only a flattened ribbon of spinal cord remained in the focal
region of damage, usually T1 or T2 through T4. Nevertheless, on casual
examination, hindlimb function was sometimes indistinguishable in these
monkeys from that of intact animals. In this situation, the damage is
undoubtedly progressive and can probably be adjusted to slowly. In
contrast, some humans who receive a sudden traumatic insult to the
spinal cord exhibit a permanent motor loss that seems far in excess of what
is warranted by the amount of injury that has apparently been sustained,
as determined by neurological examination and direct visualization at
surgery. Moreover, there can be major differences between individuals in
amount of function recovered, though tests of reflex function suggest that
similar amounts of neural substrate remain intact.

3. Urinary and Fecal Incontinence. Tries (1991) has suggested that
many cases of incontinence are the result of learned nonuse, and their
remediation by biofeedback involves an overcoming of this suppressive
mechanism. These views are discussed in the next section, on the use of
biofeedback in rehabilitation medicine.

4. Other Conditions. What appears to be excess motor disability is
often observed after fractured hip, other broken bones, and arthritis,
among other conditions. For example, a fractured bone in a limb heals, but
the elderly patient continues to exhibit reduced use of that extremity. A
fractured hip heals, but the patient does not resume normal activity. An
arthritic condition goes into partial or complete remission, but the patient
remains loath to use the affected portions of the body. In the case of
fractured bones, the reason for the deficit clearly might be the muscular
deconditioning that occurred during the skeletal healing. However, the
enforced period of nonuse following the fracture of a bone (and the flare-
up/remission pattern in some patients with arthritis) fits the requirements
for the development of learned nonuse; it would start in the period of
enforced nonuse or exacerbation and then inappropriately continue in
some patients into the posthealing or remission period.

The large individual differences in amount of recovery exhibited in
each of the types of neurological and nonneurological injury discussed
above, when a similar amount of organic damage appears to be present,
have frequently caught the attention of clinicians. The formulation under-
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lying this chapter suggests that learned nonuse can be an important
contributory factor in explaining some of these puzzling differences in
amount of recovery of function. This consideration is advanced here
simply as a hypothesis. One reason it may be of interest is that at present,
there is no effective treatment for excess motor disability. When it is
recognized, there is little that can be done about it—and in most cases it is
not looked for or recognized. In contrast, the overcoming learned nonuse
model suggests a new type of treatment and gives the clinician something
concrete that can be tried as an alternative to the benign neglect of current
practice. In short, the hypothesis is testable and clinically relevant.

Overcoming Learned Nonuse and the Use of Biofeedback
in Rehabilitation Medicine

It is generally recognized that the results from the use of EMG
biofeedback for the rehabilitation of movement are quite variable. Some-
times it is effective; indeed, sometimes it works so rapidly that its effects
appear to be “almost miraculous” (Olton & Noonberg, 1980, p. 286)—but
very often it does not work at all, or produces effects in neuromuscular
measures without resulting in the ability to make better use of a limb
(Wolf, 1983). What is the reason for this variability and for the fact that
improvement is often remarkably rapid? One reason for lack of improve-
ment undoubtedly relates to amount of pretreatment deficit (Wolf &
Binder-Macloud, 1983) and, presumably, the extent of the CNS injury.
When the damage is sufficiently great, no behavioral technique can
produce significant functional improvement. However, when there is suc-
cess, especially in those cases in which the rapidity of improvement is
apparently miraculous, learned nonuse may be a factor. That is to say, very
large, rapid changes in motor function do not suggest a learning or
relearning process; learning processes are typically gradual. What rapid
improvement does suggest is that the motor capacity was already there,
but was latent. A candidate mechanism that could accomplish the masking
of latent motor capacity would be learned nonuse.

Biofeedback has all the necessary characteristics to be an excellent
technique for increasing motivation so that learned nonuse can be over-
come, thereby unmasking suppressed movements. It focuses the attention
on the effort to be made and provides an encouraging context within
which improvement can be elaborated. In this regard, it is similar to
restraint of the uninvolved limb. Dr. Susan Middaugh has provided an
excellent account of this effect (Middaugh, 1989, p. 18):



214 13. OVERCOMING LEARNED NONUSE

The first thing I found out in the course of treating patients was that simply
wearing a white coat, attaching electrodes to muscles, and using terminology
like “augmented sensory feedback” (the term in use at the time) could produce
an immediate, and at times dramatic, increase in a patient’s ability to voluntarily
contract a partially paralyzed muscle, even before I turned the feedback display
on! It was clear that biofeedback was a novel situation which gets the patient’s
attention. In addition, the patients liked to work with EMG feedback. Simply
being able to demonstrate to the patient, in a very concrete and direct way, that a
partially paralyzed muscle was not “dead” and that it did respond to the
patient’s efforts to voluntarily contract or relax it, had positive motivational
effects—even though the physical therapist had usually been telling the patient
the very same thing. In short, EMG biofeedback often made the patient a better
patient, and this enhanced the therapeutic exercise process whether or not the
patient used the information provided by the biofeedback display to guide trial-
by-trial attempts to relearn voluntary muscle control.

This is not the whole story. Dr. Middaugh then presents data indicat-
ing that biofeedback can contribute to the reeducation of motor function.
However, one must now also consider the possibility that part of the effect
that biofeedback produces in a rehabilitation setting is the result of its
being a good means of overcoming learned nonuse.

Tries (1991) has made a similar point with respect to urinary inconti-
nence and the use of a biofeedback technique that is remarkably effective
in the treatment of a large number of cases of incontinence. The initial work
was with fecal incontinence (Engel, Nikoomanesh, & Schuster, 1974;
Whitehead, Burgio, & Engel, 1985; Whitehead & Shuster, 1987), but
presumably because of the congruence of neural innervation, a similar
technique was also found to be effective in many cases of urinary inconti-
nence (Burgio & Burgio, 1986; Burgio, Whitehead, & Engel, 1985; Mid-
daugh, Whitehead, Burgio, & Engel, 1989). The procedure involves step-
wise filling of the bladder or rectum with fluid and manometric feedback
display of external anal sphincter pressure, abdominal (rectal) pressure,
and, in the case of urinary incontinence, bladder pressure. In the typical
experiment, only two to five feedback training sessions are given, each
consisting of only three trials, but striking progress (sometimes apparently
complete remission) is sometimes achieved after the first session. The
mechanism usually introduced to explain these results is the reeducation
of neuromuscular control of the anal or urinary sphincters and the related
muscular apparatus. The thrust of Tries’s argument, however, is that the
process is usually too rapid, especially when it takes only one or two
sessions, for it to be only neuromuscular education.

One point requires clarification here to avoid confusion: On the one
hand, it is argued that if appropriate motor function is established within a
very few sessions following a long period of nonfunction or serious
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dysfunction, learning or relearning cannot be the sole process involved
because the time frame is insufficient. On the other hand, it is also the case
that learned nonuse is explicitly formulated in terms of reinforcement or
learning mechanisms. Why, then, does the speed of the process exclude
neuromuscular reeducation from being the sole mechanism involved,
while it does not exclude overcoming learned nonuse? The reason is that
different types of learning processes are involved in each case. Motor-skill
learning typically requires considerable time, even when the skill to be
learned is relatively simple, and learning a new coordination for the
precisely timed and complex muscular interactions of the excretory pro-
cesses clearly cannot be considered a simple motor act. Even if reestablish-
ing continence required only resetting the timing parameters of a central
motor program regulating that process, training or retraining of this
process could hardly be expected to take just one or two three-trial
session(s). In contrast, a learned suppression of movement can be over-
come very rapidly if the motivation to regain the lost function is increased
sufficiently and if this is done in an appropriate manner. Accomplishing
substantial transfer from the training to the life situation may require
considerable practice or overtraining of the newly regained ability, but the
all-important initial demonstration of motor competence can take place
very rapidly.

Tries employs the learned nonuse mechanism as an explanation that is
more consistent with the very brief training that is often sufficient to
produce the dramatic improvement in continence frequently observed
with the use of biofeedback. She suggests that during a period when
adequate neuromuscular control of elimination is not possible, because of
either injury, pregnancy, change in neuromuscular status as a result of
aging, or some other cause, inappropriate muscular habits are developed
in an effort to reduce the extremely aversive consequences of incontinence.
The improper habit, which is better than nothing, is rewarded and
develops strength in the same fashion as does the use of just three limbs to
carry out the activities of daily life after stroke or somatosensory deaffer-
entation. When the proper neuromuscular coordination later becomes
possible because of recovery of function or healing, the improper habit,
which has acquired great strength through repeated reinforcement, pre-
vents its performance. (In the case of aging, the proper coordination was
presumably always possible, but it would have required a change in
pattern of neural activation of the muscles. The old neuromuscular control
process that was appropriate to the musculature before the deconditioning
and other changes produced by aging, and that is now dysfunctional, sets
up the conditions under which learned nonuse can develop.) Thus, there is
a component of treatment with biofeedback for incontinence (and in the
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rehabilitation field in general) that does not consist of retraining the old,
correct habit; that habit may already be there. It consists instead in
overcoming the new, inappropriate habit that is suppressing or masking
the older, correct one. As noted above, the process of lifting a conditioned
suppression of behavior can be rapid.

It should be reemphasized that the overcoming-learned-nonuse
mechanism is not being offered here as an explanation that supplants
neuromuscular reeducation as the process responsible for increased conti-
nence resulting from biofeedback training. The two are viewed as comple-
mentary mechanisms that can function synergistically. The point being
made, though, is that learned nonuse could well be involved in the
process, and this is a point now worth considering in terms of its experi-
mental and clinical implications.

Summary

1. Following deafferentation of a single forelimb, monkeys do not use
the affected limb.

2. Two types of behavioral techniques can be employed to induce a
monkey to employ the deafferented extremity: restraint of the unaffected
limb and training of the affected limb.

3. The same two techniques can be used to greatly improve motor
function of the affected upper extremity of many chronic stroke and
traumatic brain injury patients.

4. These results are explained in terms of the operation of a learned
nonuse mechanism that develops in the early postinjury period and that
usually acts to permanently suppress attempts to use the affected extrem-
ity. The existence of the learned nonuse mechanism received direct dem-
onstration in experiments with deafferented monkeys. The techniques that
restore motor function are effective because they overcome learned
nonuse.

5. It is proposed that learned nonuse is responsible for a portion of
the motor disability in excess of that which seems warranted by the
organic damage often noted by clinicians in such conditions as peripheral
nerve damage, spinal cord injury, aphasia, urinary and fecal incontinence,
nonuse of a prosthetic limb after unilateral amputation, fractured hip,
fracture of other bones, and arthritis.

6. It is further proposed that biofeedback is an excellent method for
overcoming learned nonuse of motor function and that this mechanism is
involved, along with neuromuscular reeducation, in many instances in
which biofeedback is successful in the area of rehabilitation medicine. This
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is the case especially when the recovery is very rapid, as often happens in
the treatment of fecal and urinary incontinence.
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PART VI

Long-Term Stress

The two chapters in this final section review some psychophysiological
and psychological variables in the effects of long-term stress in two very
different settings. Chapter 14, by A. J. W. Taylor and M. M. Brown,
provides a look at individual responses in small, isolated groups during a
year in Antarctica. Chapter 15, by Tores Theorell, reviews several of his
studies on long-term stress in ordinary work settings in Sweden.

The chapter by Taylor and Brown first describes the authors’ elaborate
methods for assessing subjects in isolation in Antarctica and for transmit-
ting data back to their laboratory in New Zealand, some of it by satellite.
The research was hindered by a relatively small number of subjects, but
the researchers take advantage of their small sample sizes to report on
many interesting individual effects. In general, it appeared that the single
most powerful source of behavioral influence was the isolated group itself,
that is, relationships among the subjects, rather than the weather or the
long nights. The authors also point up the inevitable importance of certain
personality factors, such as dominance and achievement-orientation, in
determining social and emotional reactions. The research has implications
for future research on isolated groups in terms of selection and training of
subjects, data-processing procedures, and the development of advisory
systems.

In the final chapter, Theorell looks at a number of selected parameters
of responding in subjects exposed to long-term stress, especially job
strain. The author points out that some physiological variables, such as
immunoglobin and plasma testosterone, show complex and even anamo-
lous associations with job strain. Other variables, especially blood pres-
sure and heart rate, more consistently correlate positively with job strain,
although the age of the worker apparently determines whether the effects
will be observed during working hours or also at home at night. Theorell
also observes that some psychological variables may interact with physio-
logical parameters—including emotional support, depression, and
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feelings of powerlessness—influencing the degree and direction of effect
of job strain. Attempts, like Theorell’s, to examine the effects of long-term
stress are especially significant in light of its greater impact on health
relative to the more customary short-term stressors imposed in laboratory
analyses.



CHAPTER 14

Quartets in Antarctic Isolation

A. |. W. Taylor and M. M. Brown

The best of psychological research is empirical, replicable, related to
previous findings in the discipline, and incorporated as appropriate with
findings from related disciplines; it offers solutions for maximizing human
performance and raises questions for further study. The rest falls short in
some major respect while still making some contribution to the corpus of
knowledge and providing opportunities for researchers to gain experience
in their search for facts.

The project to be reported in this chapter was supported by an
international ecological organization in return for honorary consultancy
work on the preparation and debriefing of a series of four-person parties
that wintered over in the Antarctic each year from 1986 until the present
time. Any conflict between the consultant and researcher roles was mini-
mal, because advice proffered frequently was not taken!

Methods

Subjects and Preparation

The study involved 14 subjects from 25 to 43 years old, 5 of whom
where women (including one who wintered two successive years because
of special circumstances). They were from seven different countries; for
six, English was their second language. They were brought together in
New Zealand for various periods of training before leaving by ship to
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spend 12 or 13 months at a well-designed and provisioned base in Antarc-
tica that had been especially constructed for them. Their object was to
monitor the primary and secondary impact of humans on the Antarctic
ecology, and they were selected as a group for their ability to run scientific
programs, to maintain the field and base equipment, and to operate a
complete communications network.

The subjects were also selected for the personal stability they might
have displayed previously under somewhat comparable circumstances—
as well as for the compatibility they had engendered during a 2-month
training period they spent in New Zealand before going South to Antarc-
tica. At that latter stage, and when possible, the consultant’s role was to
spend one day with them to deal with any obvious problems and to help
them prepare for the year ahead.

The preparation for the ensuing year was essentially of the self-help
kind that was designed to make the subjects sufficiently resilient and
responsible for detecting and managing any difficulties that might arise
among them. It involved the consideration of any given personal emotional,
occupational, and social deficits, and the acquisition of techniques for con-
flict resolution that they could use to advantage when necessary (Cornelius,
Faire, & Hall, undated). In return, the subjects were invited to cooperate in
a behavioral research project by providing data at regular intervals with
which their progress might be monitored and any patterns be detected.

For the first three groups, the monitoring was done retrospectively at
the debriefing when each party returned from Antarctica with a batch of
such questionnaires as they had been sufficiently motivated to complete
each month while they were away. The researcher’s only other contact with
them had been through telephone calls from the subjects when they
experienced difficulty with their relationships, and from him when he
wished to keep in touch. Then, in 1989, through a chance realization that
modern technology could be used to advantage, a computerized form of
the questionnaires and tests was developed and put into operation, and
the results were transmitted back to the researcher by Inmarset satellite
each month (Taylor, 1989a).

There were, of course, the necessary preliminaries to be overcome by
way of programming the material, of establishing the equivalence of the
paper and computer questionnaires, of ensuring the confidentiality of
responses, of testing the systems, and of financing the operation. But with
the help of the subjects, their organization, technicians, and postgraduate
students (Alty, 1990), the new scheme for data acquisition, transmission,
and reception was put into operation, and to some extent it proved to be
effective. Moreover, the method of data collection obviated the problems
that would certainly have arisen had it been necessary for a psychologist to
be present in situ to try to observe the group without being part of it.
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Instruments

Turning now to the actual data and the parameters of behavior to
which it related, the purpose was to detect changes in the health, person-
ality, and social interaction of subjects that previous studies with larger
isolated groups had led researchers to expect (Palinkas, 1986; Taylor, 1987).
The procedure was to select such shorter forms of relevant questionnaires
as would be psychometrically robust, economical for time required in
responding and processing, and acceptable to the subjects. The question-
naires and rating scales used in the study were:

1. Adaptability Questionnaire (ADQ)—?9 items (Cazes, Rivolier, Tay-
lor, & McCormick, 1989)

2. General Health Questionnaire (GHQ)—20 items (Goldberg, 1979;
as presented by Siegert, McCormick, Taylor, & Walkey, 1987)

3. Hopkins Symptom Checklist (HSCL)—21 items (Green, Walkey,
McCormick & Taylor, 1988)

4. MacKay Stress-Arousal Checklist (MSACL)—45 items (MacKay,
Cox, Burrows, & Lazzerini, 1978)

5. SYMLOG Adjective Rating Form (SARF)—26 items (Bales & Co-
hen, 1979)

6. Ways of Coping List (WOCL)—48 items (adapted from Folkman &
Lazarus, 1980)

To these were added certain cognitive tests to measure reaction time,
visual discrimination, and short-term memory that were adapted from
those used by the International Bio-medical Expedition to the Antarctic
(Rivolier, Goldsmith, Lugg, & Taylor, 1988). An opportunity was also taken
with one party to include an appraisal of cortisol and melatonin measures,
and this assessment confirmed the peak readings of cortisol with stressful
experience and of melatonin with daylight.

Obviously, the selection of research parameters, of related instru-
ments, and of procedures is largely a matter of the researchers’ theoretical
orientation, personal experience, preference, and familiarity of usage with
subjects under comparable conditions—providing they meet the standard
criteria for relevance, reliability, validity, ease of administration and scor-
ing, and consumer acceptance. But in the present case, these obligations
were even more critical, because of the lack of comparable matched control
groups, as well as the inability to control the enterprise either for the group
as a whole or for individual subjects once they were down in the Antarctic
with the sea routes frozen for a year and no access by aircraft. The small
number of subjects in the study also obliged the researcher to inspect the
data for indicators and trends and to report them with due caution (rather
than to dismiss them because they were drawn from too small a research
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population to be appropriate for conventional and powerful multivariate
statistical analysis). Such are the realities of ongoing applied research and
the challenges for behavioral scientists who choose to respond to them.

Results

The computer presentation of the correct discrimination task, the
incorrect discrimination task, and the number of digits recalled for the four
subjects in one particular Antarctic party showed marked mean variations
as the season progressed (Fig. 1). These variations raised once again the
question of cognitive fluctuations among isolated people (Taylor, 1989b),
but because of the small size of the group, such variations can only point to
the need for a more extensive study. Unfortunately, the computer presen-
tation of the reaction-time test faltered because of temporary technical and
logistic problems.

The injtial computer presentation of the questionnaires that was
attempted with one party produced individual results that were compara-
ble to those of the pencil-and-paper format on three of the forms: HSCL
(Fig. 2), GHQ (Fig. 3), and MSACL (Fig. 4).

Average PC
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Figure 1. Results of four subjects in the discrimination and digit-recall tests over the year.
(a) Average percentage of correct discriminations; (b) average percentage of incorrect discrim-
inations; (c) average number of digits recalled.
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Figure 2. Comparison of pencil-and-paper mode and computer-mode scores on the HSCL.
(a) Subject 13; (b) subject 14; (c) subject 15; (d) subject 16.
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Figure 3. Comparison of pencil-and-paper mode and computer-mode scores on the GHQ. (a)
Subject 13; (b) subject 14; (c) subject 15; (d) subject 16.
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However, each individual produced different scores on the computer
and questionnaire formats of the ADQ (Fig. 5) and the WOCL (Fig. 6). In
each instance, and allowing for smoothing of the graphs where appropri-
ate, the computer format produced more revelations of discomfort than
did the pencil-and-paper format [cf. Sawyer, Sarris, Quigley, Baghurst, &
Kalucy (1990), who observed informants in a clinical series]. The increase
in candor might have arisen because, unlike the three tests previously
reported as producing comparable results, the ADQ and the WOCL
required semistructured rather than structured responses to given items.
Therefore, the results showed that the computer form of presentation was a
viable option to incorporate in the present research.

However, to make the best use of available data, the pencil-and-paper
records provided by the subjects for eight data-gathering points or more
were regarded as sufficiently complete to be included. Using this criterion,
such records were found to have been given by eight subjects, incomplete
records were given by five, and no records at all were given by three. The
records of the composite eight subjects from different parties who com-
pleted the pencil-and-paper records showed (1) consistently higher levels
of HSCL symptoms for three subjects [in descending order, subjects 15, 6,
and 13 (Fig. 7A)}; (2) higher feelings of GHQ illness for three subjects [in
descending order, subjects 15, 14, and 12 (Fig. 7B)]; (3) higher MSACL
stress and arousal scores for three subjects [in descending order, subjects
15, 14, and 12 (Fig. 7C)]; (4) greater difficulty in ways of coping for two
subjects [in descending order, subjects 15 and 14 (Fig. 7D)]; and (5) greater
difficulty in ADQ adaptation for three subjects [in descending order,
subjects 15, 14, and 10 (Fig. 7E)].

These results showed that subject 15 stood out among all others in the
completed series of five measures for the problems he was experiencing,
and subject 14 was somewhat similar (Table 1). Closer inspection of
monthly returns showed that three others were consistently above the
remainder only on one measure each, and there were a few subjects whose
scores peaked only occasionally during the year, for example, subject 7 on
GHQ in July, subject 6 on MSACL, and subject 7 again on WOCL in March
and October.

A closer examination of the frequency of stressful periods reported on
the WOCL by all four subjects in the group that included subjects 15 and 14
showed that subject 15 reported stress nine times, subject 14 reported
stress five times, and, perhaps not surprisingly, their compatriots each
reported stress four times. Also, the typical pattern of response for subject
15 was to indulge in avoidance and wishful thinking and to seek social
support rather than to give more attention to the problem (Table 2).
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However, the latter was still his major method of problem-solving, as
indeed it had been for all subjects without exception; the point, though, is
that his antagonist, subject 14, was the only other person with a tendency
to use emotional reactions and, in his case, only avoidance (Fig. 8).

The stressors reported by the subjects in this same group were more
interpersonal and personal, rather than occupational or related to the
particular deprivations and hazards of their environment. The interper-
sonal stressors arose primarily from a continuous power struggle between
the appointed leader and another member of the group and from their
differences in task orientation. Personal antipathy quickly developed be-
tween the two main contestants, with the other two being relatively
powerless in their company—apart from one who established a mutually
supportive emotional relationship with the leader for a time that resulted
in the inevitable complications when she brought it to a stop.

Both the unchanging and changing pattern of interpersonal affilia-
tions was brought out clearly by the group average form of the SYMLOG
Field Diagram Form, an example of which is shown in Fig. 9. This
particular SYMLOG showed that the group was cohesive when the sum-
mer support staff had left them, although even at that early stage
the struggle for dominance referred to in the previous paragraph had
begun.

By midwinter, the leadership usurper (subject 14) had become the
most dominant and negative force and the least task-oriented, and the
others set him apart—and the two subjects outside this contest for
leadership were the most positive in their expression of feelings. By the
end of the year, one of the latter had become less positive about the others,
but was quite alone in her drive to complete various assignments before
returning home. Finally, the group resumed its familiar pattern of the one
persistently dominant and negative person being set apart from the other
three.

The results confirm that the long period of Antarctic isolation was
extremely stressful for some and a disappointment and a trial for others.
For all, it fell far short of their expectations. Although the experience
produced no clinical and physical symptoms of stress, it did produce
psychological indicators that are often a precursor. To take but two subjects
as an example—i.e., the two locked in the leadership struggle in the group
just reported—on the HSCL they both had elevated feelings of distress,
and the designated leader (subject 15) had additional somatic distress and
performance difficulty (Table 3).

Apart from midwinter, when the rival had a high MSACL stress score,
the leader’s scores were again consistently well above those of the others in
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Figure 5. Comparison of pencil-and-paper mode and computer-mode scores on the ADQ.
(a) Subject 13; (b) subject 14; (c) subject 15; (d) subject 16.
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Figure 6. Comparison of pencil-and-paper mode and computer-mode scores on the WOCL.
(a) Subject 13; (b) subject 14; (c) subject 15; (d) subject 16.
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Table 1. Rankings of Subjects
on the Most Negative Levels of Tests Used

Test
Subject HSCL GHQ MSACL WOCL ADQ

15 1 1 1 1 1

14 — 2 2

12 — 3 3 — _
6 2 — — — —

13 3 — — — —
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Table 2. Mean WOCL Scores for the 1990/1991 Group

Category*
Subject SSS PF BS WT AV
13 5.0 3125 0.25 1.25 3.88
14 7.78 23.37 1.00 3.56 7.22 (3)
15 13.63 2725 6.00 11.63 14.00
16 9.71 215 3.57 3.00 4.00
Group 8.97 25,84 263 4.88 7.38

#(SSS) Seeks social support; (PF) performance focus; (BS) blames
self; (WT) wishful thinking; (AV) avoidance.

his party—although his arousal scores did show some fluctuations in
comparison with those of the others that remained high and constant
(Table 4).

Similarly, the GHQ scores of this same pair of antagonists were
consistently above the mean on feelings of general illness, sleep distur-
bance, and anxiety and dysphoria, but only for the leader were they high
on depression (Table 5).

Neither of the two contestants was without intellectual insight, but
despite their previous training in conflict resolution, they were unable to
act on it. A degree of self-awareness could be inferred from their SYMLOG
replies, and in particular from those they gave just before midwinter—
conceivably the most stressful seasonal period of their whole Antarctic
year. At that time, the leader (subject 15) thought himself as apart from the
group, and far less friendly, more dominant, and achievement-oriented
than he would wish to be. But the group average put him otherwise—i.e.,
within the group, but less dominant, more friendly, and slightly more
achievement-oriented than he thought himself to be. Not so his rival for
dominance (subject 14), who thought himself within the group but some-

Table 3. Mean HSCL Scores
for the 1990/1991 Group

Distress

Performance
Subject General Somatic difficulty
13 27.63 14.3 8.63
14 34.67 15.00 14.44
15 37.00 19.25 21.63
16 27.29 15.14 9.57
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Figure 9. Sample SYMLOG Field Diagram Form. S = Scapegoat direction; M = Mediator
direction; O = Opposite circle; R = Reference circle; N = Negative direction; P = Positive
direction; F = Forward, task oriented; B = Backward, emotionally expressive. Figure
indicates a unified group with all subjects clustered within the reference circle, with subject
14 the most dominant and subject 13 the least, and the same subject 14 the least positive and
subject 16 the most positive. Subject 16 is the most task oriented, and subject 13 the only
emotionally expressive member of the group.

one who wished to be more dominant yet more friendly and a little more
achievement-oriented. In his case, the group average put him right outside
the group in the unfriendly and not achieving sector, and it gave him the
same and the most dominating position that he gave himself.

Of the other two persons in the same intensively studied group,
subject 13 saw himself in midwinter as a submissive, friendly, mild



246 14. QUARTETS IN ANTARCTIC ISOLATION

Table 4. Mean MSACL Scores
for the 1990/1991 Group

Subjects Stress Arousal

13 1.5 12.13
14 7.00 12.33
15 13.75 11.13
16 0.00 11.43

achiever, and his ideal was to be just a little more so on all three dimen-
sions. He came closer to seeing himself as the group saw him than did any
other member, and his doing so kept him in the reference group. Finally,
subject 16 saw herself as within the group, friendly, and achievement-
oriented, but neither dominant nor submissive. She wished she were more
friendly, but less achievement-oriented and more submissive. But the
group average perception put her well outside the group in her dimensions
of friendship and achievement orientation, and it regarded her as slightly
more submissive than she thought herself.

Further reflections on the dimension of self-awareness came in re-
sponse to unstructured questions. For example, the leader admitted that
he could be a real grouch; that he was anxious when in the field away from
base; that he was not always honest; that he complained too much, blamed
things on his teammates unfairly, was pushy, and did not compromise. He
felt controlled, trapped, confused, and angry. It hurt him to be near his
antagonist, and he appealed to the researcher for professional help in that
matter. With regard to the behavior-monitoring research, he said that he
had discovered some upsetting and some positive things about himself.
As he stated it: “The accounting has made me think objectively [and]
honestly [but it] can be disturbing . . . no one likes seeing their weak-
nesses.”

Table 5. Mean GHQ Scores for the 1990/1991 Group

General Sleep Anxiety and
Subject illness disturbance dysphoria Depression
13 1.25 2.75 0.50 0.00
14 3.26 5.33 3.56 0.56
15 '5.38 6.00 5.75 5.25

16 1.71 2.29 0.14 0.00
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The challenger for leadership refused to work as hard as two of the
others right from the beginning, and by midwinter he chose not to sit with
them at the same table. He said that had it been possible, he would have left
the base entirely, because he was afraid of being “incarcerated” there with
the others for another six months. He felt that he needed more time to
devote to his work than the others were giving him, and he thought that
they did not appreciate the work he was doing. He also expressed some
skepticism about the value of the behavioral research, as people with
personality problems often do.

A third member of the party, and a relatively innocuous one, felt that
the leader had abandoned his role and that the challenger was selfish and
moody. Personally, he felt that nobody in the group valued his work, and
nobody was interested in him as a person, especially when he had news
that his father had died and he wanted to share his sorrow. Instead, he
went for long walks to be as isolated physically as he felt emotionally. After
midwinter he said: “We don’t live as a group of friends or of people trained
to be friends. . . . I felt like begging for company.” Like the leader, he
welcomed the monthly discharge of feelings that compliance with the
research provided by saying: “I've been waiting for this test. I feel free to
express with it. If you have some advice let me know. It will be hard for me
to trust again . . . these questions help to some extent.”

The fourth member tried early to mediate, but when she realized she
could not please everyone, she challenged her own motives for trying. She
became close to the leader for a time, but withdrew again because of the
effect of the relationship on the others in the small group and because of
his strong negative and assertive behavior. Thereafter, she carried on her
work with devotion and sought to bring rationality to bear on the quarrel-
ing dissidents. The outcome brought her positive rewards that, unfor-
tunately, she complained, could not be registered on the psychological
tests. But she did write: “T have enjoyed doing these tests, and they were
good in the way that they made me sit down and think of why this and that
had happened and why I reacted the way I did. I think I have learned a lot
from it, not only about myself but also about other people.”

However, on debriefing, both separately as individuals and collec-
tively as a group when they returned to New Zealand, none of this partic-
ular party gave the impression that he or she was in a state of emotional
instability that would require professional intervention. Rather, they were
all angry, bored, and so disappointed with each other that they were ready
to go their separate ways. They had been together too long in close
confinement in an isolated, insulated, and emotionally negative group,
and they had insufficient resilience and resources from which to generate a
flexible pattern of positive relationships to meet their current needs.
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Discussion and Conclusions

It might not be too far-fetched to claim that the data reported herein
meet the plea from Ursin and colleagues (Ursin, Bergan, Collet, Endresen,
Lugg, Maki, Matre, Molvaer, Muller, Olff, Pettersen, Sandal, Vaernes, &
Warncke, 1991), because they were derived from reliable and valid instru-
ments, and were obtained from small groups with an international mem-
bership that included both sexes and operated under field conditions. If
they do not fill that need, they certainly give credence from the field to the
data reported long ago from the experimental laboratory by Haythorn
(1973). They indicated the same power of the personality variables of
dominance in causing conflict, and of shared affiliation and achievement in
creating cohesion among long-duration small groups, as were found
originally with 10-day small groups of submariners. Also, the data empha-
sized the importance of selecting people with the appropriate mix of such
variables for practical real-life assignments.

Overall, and despite the inevitable gaps in the data, the study showed
that a year of Antarctic isolation is relatively stressful for small groups of
even the most dedicated of individuals with somewhat related previous
experience of the prevailing conditions. It shows that the stressors were
more interpersonal and personal than otherwise, and leaves open to
conjecture whether they might have been greater had the focus group not
received some training in techniques of stress reduction and conflict
resolution beforehand. But the question remains whether the training
program might have been intensified in all interpersonal areas and
whether the criteria and methods of personnel selection needed an over-
haul.

Concerning the study itself, the usual questions can be raised con-
cerning the value to be placed on data from small groups, especially when
on occasion individuals chose for whatever reason not to respond (Leon,
McNally, & Ben-Porath, 1987; Ursin, Etienne & Collet, 1990a). But the
convergence and consistency of data from clinical, psychometric, socio-
metric, structured, unstructured, and observational sources gave it credi-
bility. The outcome confirmed the shrewd comment of an early clinician
that the critical mental stresses of exploration are not so much those
imposed on the human being by climate, geography, or disease as the
complexity of relationships (Pozner, 1965). If the occasional expression of
resistance to participation in the research can be taken as a measure of
personal discomfort and anxiety, rather than of other perhaps more legiti-
mate dissatisfactions, regular participation can itself provide a welcome
relief for the discharge of feelings and an opportunity for making outside
contact at a personal level.
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The problem for managers and researchers is to encourage research
subjects to continue their commitment to responding, whatever the com-
plexity of their relationships. At least they can now mention the cathartic
benefit to be derived by subjects who complete their monthly returns. But
their task could also be made easier were researchers to eliminate redun-
dancies and irrelevancies, e.g., by omitting the longer HSCL but retaining
the shorter GHQ, and by removing questions 1, 2, 5, and 6 from the ADQ.
The latter might also be made more acceptable were it to include more
items that touch on psychological well-being rather than on psychological
distress. Not that the ADQ necessarily induces a mental set to report the
pathological in groups that are under stress, but the inclusion of positive
items would extend the range of options to which the subjects could
respond.

The implications of this study would reinforce the work of behavioral
scientists who are involved as consultants and researchers with the various
space agencies. It shows that unremitting attention must be paid to the
selection and training of even the most competent and dedicated volun-
teers who have committed themselves to work in small groups in isolation.
It also shows that procedures need to be worked out that will ensure the
flow of data from subjects once an enterprise has begun. Then, an
advisory system needs to be put into place that could be brought into
operation to reduce personal and interpersonal tensions, should they
arise. The outcome should facilitate both the direct and the indirect
attainment of mission objectives.
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CHAPTER 15

Notes on the Use of Biological Markers
in the Study of Long-Term Stress

Tores Theorell

The development of applied physiology relevant to the stress researcher
has been rapid during recent decades. This development means that it is
now possible to record minute changes in the blood concentration of
hormones, immunoglobulins, and lipoproteins, as well as the urinary and
salivary excretion of several hormones. Furthermore, it is possible to follow
physiological functions, such as electrical activity in the brain and the
heart, as well as blood pressure measured at regular intervals in a fully
automated way throughout day and night. One of the problems is that
there are too many parameters that could be studied. Accordingly, it is
important to give thought to the choice of parameters. In this chapter, I do
not intend to present a comprehensive review of this field, but rather to
give examples of the use of relevant markers and issues that have to be
raised in the interpretation of results.

In most studies of the relationship between psychological stress
reactions and biological changes, the stressors have been of short duration.
To the clinician, however, long-term stress reactions are more relevant than
short-term reactions, since they are of greater significance to health. But
long-term reactions that last for months may be difficult to study because
there is biological adaptation, which means that receptors change in num-
ber and sensitivity, and that changes not only in hormone release but also
in synthesis and breakdown may be part of the long-term stress reaction

TORES THEORELL + National Institute of Psychosocial Factors and Health, 17177 Stock-
holm, Sweden.

Clinical Applied Psychophysiology, edited by John G. Carlson, A. Ronald Seifert, and Niels
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itself. Accordingly, we should look for relationships that persist despite all
these difficulties and also take interest in the time dimension itself.

Change in Cross-Sectional Correlation Patterns
with Change in Job Strain

The most frequent way of analyzing the relationship between psycho-
socially straining situations and biological markers is to make correlations
between the marker level and the reported psychosocial stress level at the
same time. In a study that was performed in our institute, workingmen
and women aged 25-60 were asked to participate four times during a year
with intervals of 3-4 months. On each occasion, they were asked to
describe in a questionnaire various aspects of psychological demands and
decision latitude. An index for demands and another index for decision
latitude were calculated, and the ratio between them, job strain, was
calculated. The effect of seasonal variations on biological markers was
minimized due to the way in which participants were recruited at the start
of the study. Each individual’s level of job strain was subsequently rated. In
the figure presented herein, the highest level of job strain is displayed to
the left and the lowest level to the right. The same individuals have been
studied on all four occasions.

Table 1 shows changes in immunoglobulin G (IgG) in relation to job-
strain level in these individuals (Theorell, Orth-Gomér, & Eneroth, 1990a).
It can be seen that there is a small but significant rise in IgG with rising
job-strain level in the total studied group. It can be observed, however, that
most of this rise took place in the group of subjects who reported that they
had poor emotional support in their general life situation. In this group, a
substantial increase in IgG level took place. There was no relationship
between IgG level and social support as long as the job-strain level was
low—rather, as long as the subjects had a level of job strain that was low for
them as individuals. When the job-strain level increased, emotional sup-
port in the life situation became progressively more and more important to
the IgG level. Furthermore, the correlation between job strain and IgG was
almost significantly negative (—0.23, p < 0.10) when the job-strain level
was at its peak, but very far from significant when the job-strain level
was low.

How can we explain these seemingly contradictory findings, and
what conclusions can we draw from them? We have assumed that the job-
strain measures reflect the perceived situation at work during the past
weeks and months. Accordingly, a rising job-strain level may reflect a
stressor that lasts for several weeks. The measure of emotional support in
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Table 1. Mean Immunoglobulin Levels in Different Adequacy
of Social Support Groups on Different Levels of Job Strain®

Mean log SD log

Group (g/liter) Antilog
Least strain
Low support 1.00 0.18 10.0
Intermediate support 0.96 0.11 9.1
High support 0.93 0.10 8.5
Next-to-least strain
Low support 1.03 0.14 10.7
Intermediate support 0.97 0.08 9.3
High support 0.93 0.10 8.5
Next-to-worst strain
Low support 1.04 0.10 11.0
Intermediate support 0.97 0.12 9.3
High support 0.96 0.09 9.1
Worst strain
Low support 1.08 0.12 12.0
Intermediate support 0.96 0.09 9.1
High support 0.95 0.08 8.9

2From Theorell et al. (1990a). Number in each group: Low support, 11 or 12;
intermediate support, 11; high support, 25-27.

the general life situation, on the other hand, reflects a longer-lasting state
that may have relevance for the individual’s ability to cope with stressors.
When job strain was low (to the right in the figure), the individuals
reported the level that they may have been used to for a very long time;
when job strain was high (to the left), however, they had been forced to
exhaust some of their extra resources and to mobilize energy that was
reflected in a rising systolic blood pressure during work hours in the
present study (see Fig. 1) and perhaps also to mobilize immune defenses
because of the symbolic threat to the organism that the long-lasting
stressor imposes—reflected in rising IgG levels. The mobilization may be
more intense when rising job strain is combined with low emotional
support in the general life situation. When this condition has lasted for a
long time, there may be a risk that IgG mobilization results in depletion of
resources, which may explain why a negative correlation may arise be-
tween job strain and IgG. Such negative correlations have also been
observed in other cross-sectional analyses (Endresen, 1991). We concen-
trated these analyses on IgG levels, since IgG is a very slow-reacting
immunoglobulin—clearly an advantage when long-lasting stressors are
being studied.
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Figure 1. Systolic blood pressure during working hours in relation to changes in job strain
(longitudinal data). From Theorell et al. (1988). Reprinted with permission of the Helen
Dwight Reid Educational Foundation. Copyright 1989.

Another observation that may be of interest partly reflects the same
phenomenon. Plasma testosterone levels tended to decrease with increas-
ing job strain in the male participants (see Table 2), at least among those
with sedentary jobs. Plasma testosterone is less stable than IgG. Accord-
ingly, observations from minimum and next-to-minimum job-strain obser-
vations and from maximum and next-to-maximum job strain, respectively,
were combined in this table. A cross-sectional analysis of the correlation
between job strain and plasma testosterone showed a significantly positive
association on the occasions with the maximum and next-to-maximum
job-strain levels. This association gradually disappeared with increasing
job strain (correlation coefficients from highest to lowest job strain being
0.10, n.s.; 0.24, n.s.; 0.33, p < 0.05; 0.31, p < 0.05).
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Table 2. Mean Plasma Testosterone Concentration (millimoles/liter)
in Sedentary and Physically Strenuous Work Groups during “Worst”
to “Next-to-Worst” and Least to Next-to-Least Job-Strain Periods®

Worst and next-to-worst  Least and next-to-least

Group job strain job strain
Sedentary (N = 23) 23.7 27.7
Physically strenuous (N = 21) 25.2 25.1

“From Theorell et al. (1990). The men were 25-60 years old (mean: 43). F (sedentary/strenuous) =
0.06, not significant; F (strain period) = 3.96, p = 0.05; F (interaction strain X sedentary/
strenuous) = 4.25, p = 0.05.

A parallel observation of the relationship between self-reported total
alcohol intake per week (based on a questionnaire asking specifically about
ingested amounts of beer, wine, and hard liquor) and plasma testosterone
showed that there was a significantly negative correlation between alcohol
intake and plasma testosterone at peak job strain, but not on other
occasions (correlations from lowest to highest job strain: —0.36, p < 0.05;
—0.24, n.s.; —0.25, n.s.; —0.06, n.s.). The self-reported level of alcohol
intake did not change with increasing job strain.

In summary, in the case of plasma testosterone in the male partici-
pants, we observed a significantly positive association between job strain
and plasma testosterone that disappeared when the individuals reached
job-strain levels that were unusually high for them. Alcohol intake has a
negative association with plasma testosterone levels during such periods.
It was as though alcohol did not matter for testosterone levels as long as the
individuals did not have unusually high job-strain levels.

An additional theme that was illustrated by this study was the fact
that two personal characteristics, namely, depressive tendency (reported in
diaries with notes approximately once an hour during four different
workdays) and family history of hypertension, were both related to the long-
term physiological reaction pattern. In male subjects with depressive
tendency, there was a relatively high level of reported sleep disturbance
throughout the whole study period, whereas in other subjects, sleep
disturbance reports clearly increased with job strain. Similarly, plasma
prolactin levels increased markedly with job strain in these subjects. In
subjects with a family history of hypertension, a different pattern was
observed—there were decreasing plasma prolactin levels with increasing
job strain, and reported sleep disturbance levels were relatively low and
increased markedly with increasing job strain. These findings illustrate
that personal characteristics may either attenuate or strengthen associa-
tions between long-term stressors and biological stress markers. In the
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case of depression tendency, we may be dealing with an activation of the
dopaminergic system. In the case of family history of hypertension, the
explanation may be psychological—subjects in this group have been
reported to have more alexithymic traits than other subjects (Jorgensen &
Houston, 1986). They may accordingly tend to react with more direct
psychophysiological activation and disregard psychological appraisal of
difficulties. The explanation could be also be physiological—the fact that
subjects with family history of hypertension react with more pronounced
sympathoadrenal activation may influence other physiological systems
(Theorell, 1990).

What Is the Relationship between Acute Physiological Reactions
during a Crisis Situation and Resulting Long-Term Difficulties?

A recent study by our group may illustrate some of the complex
relationships between a dramatic life event and its long-term conse-
quences. A longitudinal study has been performed on a group of subway
drivers who happened to have been driving a train when a person fell or
jumped in front of the train and was hurt or killed. This person under train
(PUT) experience is impossible to anticipate; it may lead to long-term
absenteeism because of illness, particularly if the person was seriously
injured (not so much if the person died or was only mildly injured); and it
is frequently associated with a slowly deteriorating perception of the
psychosocial climate in the work site during the first year that follows—as
though the person receives good emotional support immediately after the
accident, but then during the following months feels forgotten and left
with depressing thoughts about it (Theorell, Leymann, Jodko, Konarski,
Norbeck, & Eneroth, 1992).

What psychophysiological markers were studied and what were the
relationships? All parameters—blood pressure in the supine position after
10 min rest, concentrations of cortisol, prolactin, and testosterone in
plasma, and indices of depression, phobic anxiety, and sleep distur-
bance—were recorded 3 weeks, 3 months, and 1 year after the PUT
experience. A matched control group of subway drivers who had not had
the PUT experience during the study period was recruited.

Systolic and diastolic blood pressure, degree of depression and pho-
bia, and plasma concentrations of cortisol and testosterone did not change
significantly during the study period in any of the groups. Sleep distur-
bance as well as plasma prolactin concentration were increased in the PUT
group during the acute phase, that is, 3 weeks after the event, but
subsequently decreased to control-group levels (for prolactin, see Fig. 2).



TORES THEORELL 257

Plasma
prolactin
conc. (ng/l) e = PUT group
X = control group
10 T
9 I

—_—
t

3 weeks 3 months 1 year time

Figure 2. Means and 95% confidence intervals of plasma prolactin (computations based on
logarithms) on each occasion following the PUT event in the PUT group (N = 13) and the
control group (N = 15). Only men who had measurements for all occasions were included.
From Theorell et al. (1992).

Accordingly, the expected acute reaction did occur. Prolactin secretion is
mostly parallel to feelings of depression in combination with powerless-
ness (Theorell, 1992), and sleep disturbance is a normal reaction to this
kind of situation. These acute reactions, however, were not associated with
long-term sickness absenteeism. On the other hand, a high depression
score and a high plasma cortisol concentration 3 weeks after the PUT event
(both of which did not increase significantly during this period) did
predict an increased risk of having long-term sickness absenteeism during
the interval 3 months to 1 year after the event.

The pattern of associations indicated that the PUT event increased the
risk of long-term sickness absenteeism, but that this risk had nothing to
do with the degree of acute psychophysiological reaction during the first
weeks after the event. On the other hand, a depressive state with high
plasma cortisol level during this period indicated a high risk of long-term
sickness absenteeism. One interpretation of this finding may be that a
depressive state (for reasons other than the PUT) at the time of the PUT
event in combination with the PUT experience contributed to long-term
sickness absenteeism.
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Blood Pressure Recordings at Night and at Work

Recently, we have had the opportunity of exploring the association
between job-strain and blood pressure levels using special measurement
techniques both for the exposure (job strain) and the dependent blood
pressure variable.

Long-term stressors may be underestimated by subjects who are
prone to develop early primary hypertension. Studies have shown that
subjects with a family history of hypertension tend to report very few
stressors at work (Theorell, 1990), and it could be suspected that this may
be due to alexithymia. If this is true, one way of avoiding individual
negative bias is to use group data only and, accordingly, disregard what
subjects report regarding their own perception of the work environment.
An occupational classification has been constructed from which inferences
can be made regarding the psychological demands, decision latitude,
social support, physical demands, and occupational hazards in occupa-
tions on the Swedish labor market (Johnson, Stewart, Fredlund, Hall, &
Theorell, 1990). The classification is based on Swedish surveys of randomly
selected working men and women. The tables give separate scores for men
and women, for those below and above 45 years of age, and for those who
have been working for up to 5, between 5 and 20, and finally for more than
20 years. According to the theory, those who are working in an occupation
with a high psychological-demand score and a low decision-latitude score
are exposed to a long-lasting stressor and accordingly should have high
blood pressure. In this study, psychological demand was divided by
decision latitude.

Blood pressure was recorded by means of fully automated equipment
every 10 min during 24 hr (Theorell, de Faire, Johnson, Hall, Perski, &
Stewart, 1991). The study sample was recruited from a population screen-
ing of men. Those who had borderline blood pressure (85-95 diastolic) on
three different occasions were asked to participate in the study; accord-
ingly, the study included only subjects with more pronounced blood
pressure reactivity than those in the normal population. Those with jobs
classified as physically demanding according to the tables were analyzed
separately from those with jobs that were not physically demanding.

The results indicated that subjects in jobs with high job-strain levels
had higher diastolic blood pressure levels than others. This was partic-
ularly significant at night and remained significant after adjustment for
age and body mass index (see Fig. 3). The findings are of interest in view of
a somewhat similar study in a much younger sample of men performed
some years ago by our group. In this case, there was a difference between
the groups in the expected direction only during working hours (only
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Figure 3. Mean diastolic blood pressure for each of the 24 hr in men with borderline
hypertension working in occupations without heavy physical demands. From Theorell et al.
(1991).

between those in the study group that had a propensity to blood pressure
elevation) and only for diastolic blood pressure. These results may be
explained by the fact that the present sample was much older—chronic
changes in the vessels could now have resulted from the high systolic
blood pressure levels during the working hours for several years. The new
study does indicate the importance of measuring blood pressure during
night when the conditions are more basal.

It was also of interest that the exclusion of subjects with physically
demanding occupations made the findings much clearer. Studies in our
institute have pointed at the importance of recording heart rate continu-
ously during day and night in the study of the effects of social support on
heart rate (Undén, Orth-Gomér, & Elofsson, 1991) and on the rate of
progression of coronary atherosclerosis, according to coronary arteriogra-
phy (Perski, Olsson, Landou, de Faire, Theorell, & Hamsten, 1992). The
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findings of these studies have shown that subjects who report a low level of
social support at work have higher heart rates than others even at night;
furthermore, those who have a relatively high heart rate at night have a
faster progression of coronary atherosclerosis than others. The latter
findings could not be explained by heart muscle damage or accepted risk
factors for coronary heart disease.

In conclusion, continuous monitoring of blood pressure and heart rate
may be valuable tools in the study of long-term stress.
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Marlowe-Crowne Social Desirability Scale,
77
Medilog/Respitrace portable recording
system, 105-106
Mental arithmetic test (MAT), 60, 66—68
Metabolic acidosis
blood lactate levels and, 134
in high-arousal conditions, 161
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Miller, Neal E., 197
Mortality levels, in sleep-disordered
breathing (SDB), 108-109
Motor Activity Log, 199-208
Motor disability, excess motor disability,
210-213
Muscle tension
breathing cycle and, 139
See also Electromyography (EMG)
Musculoskeletal pain: see Chronic
musculoskeletal pain
Musculoskeletal symptoms, in
hyperventilation-related illness, 162—
164
Myocardial infarction, 114

Nepomuceno, Cecil S., 197
Neurological diagnosis, P3 measures and,
46-50
Neurological injury
excess motor disability and, 210-213
learned nonuse and, 186
Neurological symptoms, in
hyperventilation-related illness, 162-164
Neuromuscular disorders
behavioral treatments, 178-182
chronic back pain, 174-178
chronic musculoskeletal pain, 171-182
diathesis-stress model, 172-173
excess motor disability, 210-213
learned nonuse and, 185, 191-217
pain responses, 47-48, 172-178
peripheral nerve damage, 211
temporomandibular pain and
dysfunction, 174-176, 182
Neurophysiology
orienting response, 133-134
performance-arousal curve, 158-166
P3 event-related potential, 43-51
Sherringtonian reflexological position, 187
Nifedipine, Raynaud’s disease and, 96
Novack, Thomas A., 197

Occupational stress: see Job stress
Oddball paradigm, 44-51
definition of, 44
dual-task paradigm, 46-47
film-pair studies and, 50-51
Orienting response, breathing inhibition
and, 133-134
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Pain
chronic back pain, 174-178
diathesis-stress model of, 172-173
temporomandibular pain and
dysfunction (TMPD), 174-176, 182
response and oddball-evoked P3, 47-48
tension and, 172
Paramedics, occupational stress of, 76-83
Paranoia, P3 paradigm and, 49-50
Performance-arousal curve, respiratory
effects, 158-166
Peripheral nerve damage, 211
Pharmacological treatments, for
overcoming deafferentation, 96
Philosophy, self-regulation and, 21-25
Physiological reactions, in crisis situations,
256257
Plethysmography, 90
PROFOX computer program, 106
Prolactin
alcohol intake and, 255
job stress and, 255-256
Pseudotherapy, in feedback studies, 179-180
Psychiatric diagnosis, with P3
measurements, 45-51
Psychological factors
symptoms in hyperventilation-related
illness, 162-164
in respiratory disregulation, 157-166
Psychological tests, 225-249
See also specific tests by name
Psychophysiological assessment
of chronic musculoskeletal pain, 171-182
film-pair studies, 50-51
oddball-evoked P3, 46-51
of Type A behavior pattern, 59-65
Psychophysiological Respiration Profile
(PRP), 137-145
P3 event-related potential (ERP)
electroencephalogram measures and,
43-51
film-pair study and, 50-51
as lie detector, 45-46
Pulse rate, in breathing cycle, 138, 144
PUT (person under train) experience, job
stress and, 256-257
Pyramidotomy, of monkeys, 192

Raynaud'’s disease, 89-98
behavioral treatments, 91-96

INDEX

Raynaud’s disease (Cont.)
etiology, 89-91
incidence, 89
medical treatments, 96
secondary Raynaud’s phenomenon, 96-98
Relaxation techniques
in cardiac patient rehabilitation, 113-114
exercise training compared to, 121-123
Raynaud’s disease and, 92
seizure frequency and, 30
stress-related disorders and, 114
Respiration: see Breathing
Respiratory disturbance index (RDI), in
sleep disturbances, 104
Respiratory symptoms, in
hyperventilation-related illness, 162-164
Respondent conditioning, chronic
musculoskeletal pain and, 172-173
Response specificity
back pain and, 174-178
in chronic musculoskeletal pain, 174-178
definition of, 172
Response stereotypy, symptom specificity
and, 172
Restraining devices, for overcoming
deafferentation, 187-208

Salivary excretion, measuring, 251
Schizophrenia, P3 responses and, 46
Schopenhauer’s philosophy, and behavioral
self-regulation, 21-25
Scleroderma, temperature feedback, 96-97
Second International Conference on
Biobehavioral Self-Regulation and
Health, 3-6
Secondary Raynaud’s phenomenon, 96-98
Seizures
behavioral research on, 29-33
cortical excitability and, 30-31
frequency, calculation of, 34
hyperventilation and, 30-31
treatment effects, 37-39
See also Epilepsy
Self, parts of, 22
Self-control
slow cortical potentials and, 31-34
seizure frequency and, 30-31
Self-regulation
arousal-induced disorders, 160-166
philosophical considerations, 21-25
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Self-regulation (Cont.)

See also Behavioral self-regulation
Sherringtonian reflexological position, 187
Sinus arrhythmia (RSA), 138
Sleep disturbances

blood oxygen levels and, 106-107

job stress and, 256-257
Sleep-disordered breathing (SDB), 103-109

causes of, 103-104

hypocapnia and, 161

mortality levels, 108-109

symptoms and prevalence, 104-105
Slow cortical potentials (SCPs)

biofeedback procedure, 33-35

control of, 35-40

definition of, 30

epilepsy and, 30-40
Snoring, 104
Social recovery, following cardiac

rehabilitation, 125-127
Somatosensory deafferentation: see
Deafferentation
Spain Rehabilitation Center, 197
Spinal cord

deafferentation in monkeys, 186-197

injury, 211-212

Sherringtonian reflexological position, 187
State and Trait Anxiety Index, 119
Stover, Samuel L., 197
Stress

Antarctic isolation situation, 223-249

biological markers, changes in, 252-256

computerized questionnaires to

measure, 225-249

crisis, physiological reaction to, 252-256

hypertension and, 75, 255-256

hyperventilation and, 135-137

job stress, 75-83, 252-257

immunoglobulins and, 252-256

as nonspecific response, 133-134

short-term versus long-term, 251-252

temporomandibular pain and

dysfunction and, 174-176, 182

Stroke patients, overcoming learned
nonuse, 194-205

Structured interview, 56, 61-68

Surgical sympathectomies, in treatment of
Raynaud'’s disease, 96

SYMLOG Adjective Rating Form (SARF),
225-249
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SYMLOG Adjective Rating Form (SARF)
(Cont.)
Field Diagram Form, 235-245
Sympathetic activity
Raynaud’s disease and, 89-90
temperature feedback and, 95-96
Symptom specificity, response stereotypy
and, 172
Systolic blood pressure, 59-65, 72-73
breathing cycle and, 144
emotional states and, 72-73
psychological factors affecting, 80-85
psychophysiological assessment and,
59-65

Task-relevant oddball, definition of, 44
Temperature feedback, 92-98
sympathetic nervous system and, 95-96
Temporomandibular pain and dysfunction
(TMPD), 174-176, 182
Testosterone
alcohol intake and, 255
job stress and, 254-256
Thoracic movement, breathing cycle and,
139-141, 144
Tidal volume monitoring, 144
Transfer of learning
in biofeedback procedure, 34
differences in treatment groups, 37-38
Type A behavior pattern, 55-68
compared to Type B, 57-59
Jenkins Activity Scale for Type A
behavior, 119
myocardial infarction and, 114
task performance and, 60-65

Urinary incontinence, 212

Vasoconstrictive response, Raynaud’s
disease and, 89-94
Veruno Medical Center, 59

Ways of Coping List (WOCL), 225-249

Western Collaborative Group Study
(WCGS), 65

Whole body breathing, 116

Will, Schopenhauer’s philosophy of, 22-24

Wolf, Steven L., 195-96

Work environment: see Job stress

Workside noises, 60, 66—68





