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The 1990s are sometimes called the ‘decade of anxiety’,
and it may be that we will consider the 21st century the
‘century of stress and anxiety’. There are many reasons
for the increasing importance of anxiety disorders in
society and they reflect a growing understanding of the
neurobiology of the different types of anxiety disorder,
and evidence of effective treatment by drugs and psy-
chotherapies. Moreover, the pace of modern life, and
the pressures that many of us are under, act as major
stressors, which in an unfortunate number of people
result in subsequent anxiety disorders.

As the genome is being unravelled, genetic mechan-
isms which predispose to anxiety are beginning to be
understood and, in the long term, may lead to new
diagnostics and targeted treatment interventions. A
great hope is that appropriate early diagnosis and
intervention will minimize the burden of disability,
which is found as an inevitable corollary of the anxiety

disorders and secondary psychiatric illnesses, especi-
ally depression.

This book pulls together state-of-the-art knowledge
of the various anxiety disorders, and most appropriate
and effective interventions, both pharmacological and
psychotherapeutic. Each chapter is written by an expert
or experts in the field, and thus is a stand alone up-to-
date assessment of the area. However, taken together,
the 28 chapters that make up this book synthesize into
something much greater than the sum of its parts. We
hope that it will be a landmark publication and will be
of use to all practising and research psychiatrists and
psychologists. Our ambition is for it to stand as the key-
stone of a much larger building of subsequent publica-
tions that will promote the better understanding and
treatment of the anxiety disorders.

D.J. Nutt & J.C. Ballenger
2002

xi

Preface



PART ONE

Introduction





Conceptual Antecedents of the
Anxiety Disorders
R.D. Marshall & D.F. Klein

observation was recognized by Thomas Sydenham
(1624–89), who complained of the disease descrip-
tions of his day:

It generally happens that even where we find a
specific distribution [of symptoms], it has been
done in subservience to some favourite hypothesis
which lies at the bottom of the true phenomena;
so that the distinction has been adapted not to 
the nature of the complaint, but to the views of 
the author and the character of his philosophy
(Sydenham 1848).

A reliable and at least partially valid nomenclature
facilitates collaborative progress in any scientific com-
munity. This chapter discusses some of the major ideas
and figures in the history of mental health particularly
relevant to contemporary scientific practice. As a 
comprehensive historical review is not possible, this
chapter first discusses major conceptual issues from
early nosologic models of illness and disease. We then
emphasize highlights of the last century.

It has been observed by many historians of medicine
and psychology that a few fundamental conceptual
principles have been operative over many centuries,
and appear to alternate between prominence and 
marginalization based on the dominant conceptual
models of the time and culture. An appreciation of the
historical context from which contemporary views on
anxiety states have emerged can enhance the contem-
porary scientific practice of questioning and testing
assumptions, as well as perhaps help to avoid the
“rediscovery” of approaches already tested and dis-
carded by previous generations of thinkers in psychi-
atry and psychology.

3

Introduction

The history of the “anxiety disorders” as currently 
recognized in the Diagnostic Statistical Manual, fourth
edition (DSM-IV: American Psychiatric Association
[APA] 1994) and International Classification of Dis-
eases, 10th edition  (ICD-10: World Health Organization
[WHO] 1993) can neither be told as the history of 
terminology, nor the history of official nomenclatures.
It must be the history of the phenomenaaas best we
can ascertain them from historical documents. This is
particularly important in anxiety disorders because the
phenomena are nothing new, and have been described
over many centuries. There is, however, marked vari-
ation in their context of description (e.g. medical, psy-
chological, religious, anthropologic, or philosophical);
their relative emphasis; the etiologic assumptions which
often determined their classification; and the assumed
implications for obtaining relief, whether medical,
psychological, or metaphysical (Berrios 1999).

Before the 1860s “such symptoms could be found 
in clinical realms as disparate as cardiovascular, inner
ear, gastrointestinal, or neurological medicine” (Berrios
1999, p. 263). In general, the literature often appears
divided between descriptions of psychological experi-
ences such as anxiety, anguish, worry, depersonaliza-
tion, rumination, etc.; and somatic experiences such as
pain, vertigo, palpitations, suffocating sensations, hot
flashes, and so forth (Berrios 1996).

As in all medicine, early formulations of anxiety,
fear, and anguish mixed unsystematic observations
with etiologic speculation in ways that now appear
fanciful. The limitations which doctrine can impose on

1



suffering, and in social circumstances. If something 
has gone wrong within the organism (as in disease), it
permits the individual to claim the sick role, which 
distinguishes illness from simple deviance from the
norm and ordinary human unhappiness. The fact that
disease is involuntary leads to the exemptions from
normal obligations that the sick role provides. When
disease is hypothesized without objective, obvious
pathology, the suspicion of exploitative malingering
arises, which may incite much social friction.

The distinction between disease and illness is further
clarified by examples. An individual can be diseased
without having an illness (e.g. asymptomatic carcinoma);
or feel unwell without having a disease (as in severe
fatigue). The notion of disease, but not illness, can apply
to plants, and illness is often anthropomorphically
inferred in animals.

These concepts accrue additional complexity in the
realm of mental health, as is reflected by the use of the
ambiguous term disorder for psychiatric syndromes.
In particular, the term avoids commitment to an eti-
ologic model (given the present paucity of knowledge),
and allows syndromes to be derived from clinical 
manifestations.

The concept of mental disorder

Syndromes are defined from frequently coexisting
manifestations of illness in many individuals. The widely
cited monograph of Robins and Guze (1970) identified
five phases of investigation toward validation of a syn-
drome: clinical description, laboratory study, exclusion
of other disorders, follow-up study, and family study.
The DSM and ICD have been guided by the premise
that the identification of well-defined syndromal pat-
terns would best advance reliable communication and
facilitate valid investigations of treatment and etiology.
Thus, at present the working taxonomy of mental dis-
order relies on manifestations of illness, emphasizing
the importance of a systematic conceptual approach to
diagnosis.

Mental illness has often been construed as the subset
of illnesses which present evidence primarily in the
cognitive, behavioral, affective, or motivational aspects
of organismal functioning. However, certain problem-
atic counterexamples (e.g. trigeminal neuralgia which
presents with only the psychological symptom of pain)
led Wakefield (1992) to critique the logic of the DSM-
III (APA 1987) definition of disorder. He proposed

Conceptual issues in medical and
psychiatric nosology

Concepts of illness and disease

The history of anxiety nosology is inextricable from
the longstanding debate over the philosophical and
sociological meanings of illness and disease. Within
psychiatry, the three related concepts of disease, ill-
ness, and disorder are especially relevant to developing
neurobiological models. The term disease is clearly a
heterogeneous concept in current usage. This is not
necessarily a limitation, because the ultimate value of a
diagnostic system lies in its clinical utility, not its con-
ceptual consistency or parsimony. Medical diagnoses
also do not follow consistent principles: conditions
may be defined by structural pathology (e.g. ulcerative
colitis), symptom presentation (e.g. migraine), devi-
ance from a physiological norm (e.g. hypertension),
and etiology (e.g. pneumococcal pneumonia) (APA
1994, p. xxi).

The concept of disease is notoriously difficult to
define satisfactorily. Klein (1978) proposed that, in
general, disease implies a dysfunction of one or more
evolved (naturally selected) functions within an organ-
ism. Optimum functioning of the organism, which is the
comparison for defining diseased or defective states, 
is arguably determinable by empirical and rational
analysis. It should be noted that a condition in which
evolved functions are impaired in the absence of 
physiologic defect can be theoretically envisioned. In
some cases, significant maladaptive mental function-
ing might be induced by trauma through negative con-
ditioning, while physiology remains normally intact.
Biological investigation, however, is driven by the
hypothesis that physiologic dysfunction is likely to
exist in serious psychiatric disorders.

The related concept of illness implies the dysfunc-
tion has significant potential implications for health
and well-being. Thus, deviations from a normative
standard (e.g. unusual height) do not imply disease in
the absence of dysfunction.

The involuntary nature of illness may be inferred
from features such as marked inflexibility, resistance
to self-instruction, and persistence of the condition in
the face of obvious negative consequences (Klein
1978). The definition of illness is subject to value-
laden considerations, since the allocation of the sick
role is grounded in its special significance for human

CHAPTER 1
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CONCEPTUAL ANTECEDENTS

that the definition of mental disorder be strictly derived
as the failure of specific mental functions, as proposed,
among others, by Lewis (1953) and Klein (1978).

Since many symptomatic states do overlap with nor-
mal emotions, the definition of disorder should serve to
distinguish between normative and pathological forms
of anxiety. The presence of distress or impairment is
necessary but not sufficient to the definition of disorder,
since normal emotional processes (such as intense fear
or grief) may result in both. To this end, DSM-IV states
that disorder must not be merely an “expectable”
response, and must represent “dysfunction”, without
precisely defining the latter term. The stipulation that 
a mental condition be an unexpected response to the
environment, however, introduces an essentially statis-
tical requirement, which Wakefield (1992) argues is
logically problematic. For example, skull fracture is an
expectable result of serious head injury, and yet is
clearly considered an organismic dysfunction.

The requirement that disorder involve “harmful
dysfunction” arguably solves this dilemma (Wakefield
1992) by dividing the concept into a component
requiring an evaluative judgement (“harm”), and a
component which can be empirically established (“dys-
function”). This definition of dysfunction includes the
concept of “part-dysfunction”, defined as a physiologic
defect which may not necessarily manifest itself as 
illness (Klein 1978). The problem of defining natural
psychological and behavioral functions remains; how-
ever, Wakefield (1992) argues it is best informed by
considerations of evolutionary design. Lilienfeld and
Marino (1995) have contested Wakefield’s model with
a number of counterexamples, proposing, among
other ideas, that evolutionary design is of limited 
relevance to many recognized disorders since disorders
may also represent failures of functions not subject to
the process of natural selection. They conclude that
“mental disorder is a Roschian concept characterized
by intrinsically fuzzy boundaries” (Lilienfeld & Marino
1995, p. 411), such that evaluative judgements are un-
avoidable in defining disorder criteria. Further debate
and clarification on fundamental nosologic issues is
critical; an historical perspective on the anxiety disorders
suggests that such models heavily influence clinical and
research practice.

Since the point of origin of a clinical syndrome is
involuntary individual distress and impairment, it does
not necessarily follow that the existence of a syndrome
implies an underlying pathophysiologic disease process.

There is growing scientific attention, for example, to
the influence of environmental and cultural context on
the manifestation of mental illness. Some instances of
behavioral dysfunction may be viewed as a response to
an abnormally stressful environment, or as the main-
tenance of a learned response (e.g. fear and avoidance)
which is maladaptive in a new environment. In keep-
ing with these concepts, Spitzer and Endicott (1978),
while developing the DSM-III revisions, proposed that
the concept of medical disorder implied “negative con-
sequences of the condition, an inferred or identified
organismic dysfunction, and an implicit call for action.
There is no assumption that the organismic dysfunction
or its negative consequences are of a physical nature”
(Spitzer & Endicott 1978, p. 17). Hence disorder is
more inclusive than disease (which implies dysfunction
usually due to pathophysiologic process in our view)
and illness (which implies the clinical manifestations of
a disease) as commonly used.

Categorical and dimensional models of 
anxiety symptoms

The ages-old debate between the utility of categorical
models versus that of dimensional models in the anxiety
disorders, as well as throughout psychiatry, continues
until the present day. In many instances, the argument
can be shown to be a false dichotomy, and can be
rejected in favor of a synthetic model that appreciates
the strengths and limitations of each approach, as well
as the methodologic procedures that bias such studies
(Klein & Davis 1969). For example, mathematical
models that seek to identify clusters within a data
matrix have underlying assumptions that bias the
results toward finding such patterns (Torgerson 1967).
Similarly, procedures that seek to identify dimensional
variables within a data set are intrinsically biased
toward such findings, and are notably dependent on
the particular procedure for construction of the dimen-
sion. Most importantly, uncritical acceptance of such
findings without entertaining alternative explanations
or placing the observations in clinical context can 
lead to premature closure of an important question
and thereby obscure rather than elucidate conceptual
debate.

For example, advances in biotechnology have greatly
increased the capacity to study the influence of genetic
factors in the anxiety disorders, and a flurry of new
studies will likely become available in the next decade.

5



events and concepts especially relevant to contempor-
ary priorities.

Early models of disease and illness

Medicine originated in the attempt to cure illness
(rather than understand disease), at a time when 
systems of philosophy, medicine and religion had 
common sources (Cohen 1961). Cohen has broadly
grouped theories of disease into two categories: (i) 
disease as a distinct entity (an ontological definition);
(ii) disease as significant deviation from the normal (a
statistical definition). These categories remain relevant
for contemporary neurobiological research, as it may
be that models of anxiety disorders will require ele-
ments from both models.

The earliest models of disease were demonologic-
based views in which all illness, both mental and 
physical, was attributed to supernatural influences.
Given the absence of any knowledge of physiology,
this represented an attempt to account for involuntary
afflictions with no apparent cause. Cure was deter-
mined by identifying and then eradicating the cause,
through exorcism, offerings, amulets, trephining, or
other methods consistent with the disease model of 
the culture. Philosophers of science have noted the
similarities between this view of invisible external
agents that invade the body, and modern knowledge of
viruses and bacteria.

Views of disease as deviation from the norm, how-
ever, have been more influential in Western medicine.
The humoral theory of disease dominated medicine for
more than 2000 years. It can be traced to the writings
of Hippocrates (460–377 bc), who argued that mental
illness was caused by the interaction of the brain’s
physical condition (degree of moistness) with bodily
humors (Spring et al. 1991). The system was reinter-
preted with a de-emphasis on biology by Aristotle (384–
322 bc), and was developed into an ordered, rationalist
system of thought by Plato (428–348 bc) (Cohen
1961). Health was defined as harmony between the
four humors (blood, phlegm, yellow bile, black bile),
and illness resulted from defects, excesses, or imbal-
ances of the humors. A corollary of this view was that
illnesses were as varied as individualsaa biographical
approach which did not encourage a search for general
patterns. Galen (143–200 ad.) later revived Hippocrates’
interest in the brain as the source of mental illness, and
refined the diagnostic system which attributed causality

Family studies to date have generally supported the
view that most of the current anxiety disorders breed
true. However genetic influences may also be discov-
ered that function as nonspecific vulnerability factors
across some or all of the anxiety disorders. It has been
argued that such a finding reduces the usefulness of
separate categories and supports a return to the more
nonspecific general neuroticism model of anxiety and
perhaps depression (Andrews et al. 1990). This argu-
ment, however, is flawed in that it does not follow
from either historical or clinical principles of disease
classification. Clinical syndromes are based primarily
on phenomenological presentation. These, in turn,
engage a body of knowledge concerning etiology and,
more importantly, treatment. By analogy, multiple 
disease syndromes may be observed in an individual
who is immunocompromised through an inborn genetic
defect. However, treatment will be based on the spe-
cific syndrome diagnosed (pneumonia, encephalitis,
carcinoma, and so forth), as well as, perhaps, know-
ledge of the underlying genetic defect. Since it is known
that treatment differs dramatically between the vari-
ous anxiety disorders, knowledge of shared genetic
vulnerabilities would have limited practical utility
until therapeutic models can make use of such data.

The syndromal model in anxiety disorders has also
been challenged as an error of reification, i.e. a fallacy
of misattributed concreteness to an amorphous flux or
dynamic process. Although it is true that the existence
of a discrete syndrome does not necessarily imply a 
single discrete pathology, the categorical model has
been remarkably fruitful and supported by differential
treatment findings. Nonetheless, future research will
surely benefit from avoiding the two extremes of
reification and classificatory nihilism that have at times
dominated psychiatry in the last century.

Historical review of classification
systems

Postmodern perspectives on history and culture have
heightened our awareness of assumptions and con-
text when approaching historical material. This brief
historical review explicitly proceeds on the premise
that the current empirical approach in medicine 
has produced tremendous gains in our knowledge 
of therapeutics and will play an essential role in future
pathophysiologic studies. We therefore emphasize

CHAPTER 1
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CONCEPTUAL ANTECEDENTS

to specific humoral imbalances (e.g. mania due to an
excess of yellow bile) (Spring et al. 1991).

In the dominant Platonic, rationalist view of the
time, the physician proceeded from a dogma, which
explained disease and determined the treatment.
Aristotle’s teachings, by contrast, emphasized obser-
vation of the natural world and critical examination of
axioms upon which reasoning is based, and influenced
a school of medicine called the Empiricists (Cohen
1961). With the skeptic’s belief in suspending judge-
ment (since the true nature of things was unknowable)
they did not aim to reason out causes, but instead
applied their efforts to observation, primarily of treat-
ment outcomes. The syndrome concept has been
traced to this school, which defined disease as “a union
of symptoms which are observed always in the same
way in the human body” (Cohen 1961, p. 214), although
the syndrome model did not appear in general medical
thinking until centuries later.

Emergence of empirical principles

Histories of medical classification over the last three
centuries emphasize the gradual shift toward atten-
tive observation among scientist physicians. Thomas
Sydenham (1624–89) best typifies the principles of the
17th century, or the “Age of Reason,” in medicine. He
was the first to stress the importance of combining
careful observation with a deliberate effort to avoid
“every philosophical hypothesis whatsoever that has
previously occupied the mind of the author” (Sydenham
1848). Moreover, his observation that the course of 
illness is particularly important to validating syn-
dromes is a fundamental principle in modern psychi-
atric nosology.

Perhaps because medicine was dominated by dogma
rooted in a priori theories of disease, the recognition of
the relevance of physiology to medicine came relatively
late in history. The movement most relevant to the
eventual development of neurobiological research 
was the study of pathological anatomy. Although the
practice of occasional autopsies to determine cause of
death dates to the middle ages, a work by Morgagni
(derived from work by Bonet) in 1761 spurred a new
era by gathering hundreds of case histories with post-
mortem findings, from which he attempted to make
systematic generalizations.

Over several decades, the lessons of pathological
anatomy were slowly integrated into existing clinical

traditions. This constituted a paradigm shift in clinical
science, during which traditional, fundamental concepts
about disease and treatment were critically re-examined.
Foucault (1963) observed that the new emphasis on
description as the starting point of medical investiga-
tion created a need for a new common language of
descriptive rigor, precision, and regularity in its corres-
pondence to what is observed. It should not be forgot-
ten, however, that during this same period in Europe
supernatural explanations for unusual behavior and
inexplicable events were widely accepted. The last 
documented European execution of a witch dates to
1782 (Spring et al. 1991).

Nineteenth and early 20th century
Until the mid-19th century the signs and symptoms of
the anxiety disorders were found scattered throughout
the medical literature. Morel (1866) was the first to
suggest that pathology in the autonomic nervous sys-
tem might give rise to the disparate psychological and
somatic symptoms of pathological anxiety (Berrios
1999). This observation was based on his theory that
classification should be based on etiologic reasoning
from theorized pathology in known physiologic systems
(Morel 1860).

Emil Kraepelin (1856–1926), following Sydenham,
emphasized the crucial role of both cross-sectional 
and longitudinal clinical observation (Klein 1978;
Kraepelin 1902). Working within the German neuro-
logical tradition which viewed mental illness as brain
disease, he advocated intensive behavioral analysis, and
also incorporated available methods from experimental
psychology (e.g. studies of reaction-time, fatigue, and
cognitive functions) in pursuit of classificatory hypo-
theses (Blashfield 1984). His ideas were summarized 
in a series of psychiatric textbooks, the sixth edition of
which (Kraepelin 1899) contained the famous distinction
between dementia praecox (schizophrenia) and manic-
depressive insanity. The diagnosis of manic-depressive
insanity linked the two previously independent syn-
dromes of depression and mania (Blashfield 1984).

Kraepelin clearly described and classified together
aspects of most contemporary anxiety disorders in his
sixth edition textbook (Kraepelin 1899, pp. 138–9). He
described symptoms of generalized anxiety (pervasive
apprehensiveness and worry), obsessions (intrusive fears
of contamination), compulsions (hoarding), the link
between anxiety-provoking obsessions and anxiety-
reducing compulsive behaviors, phobias (fear of insects),
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In the later pluralistic environment, which began to
emerge as Freud’s followers developed alternative the-
oretical perspectives, the meaning of anxiety was given
many interpretations. Anxiety may signify a real or a
fantasized threat to the security and integrity of the self,
the world view, or important interpersonal connections
(Glick 1995). Most recently, efforts have been made to
account for the distinction between normal human anxi-
ety and pathological anxiety due to biological dysregu-
lation. In this view, intrapsychic problems reflected in
object relations, conflict, and distorted views of self and
others are heavily influenced by attempts to cope with
the disorganizing effects of a biologically driven disorder
(Cooper 1985). In general, however, psychoanalytic
theory presumes universal mechanisms for generating
anxiety, and thus contributes minimally to nosology.

Adolf Meyer (1866–1950), one of the most influential
psychiatrists in the early 20th century, began his career
as a pathologist, and initially was an outspoken advoc-
ate of Kraepelin’s ideas. Over the course of his celebrated
chairmanship at Johns Hopkins University (1910–41)
where he developed the psychobiological perspective,
he became increasingly skeptical of classification and
came to view it as reductionist. Integrating psychoana-
lytic, social, familial, and biologic theories, his view of
psychiatric disorders as “reaction sets” influenced early
DSM terminology (Blashfield 1984).

Laboratory studies of stress physiology

Early 19th century physiologists studied the relationship
between fear and anxiety states and somatic functions.
This represented a development of Renaissance inter-
actionist ideas most widely associated with the deduc-
tive rationalist philosophies of Descartes and Hobbes.
Relying primarily on syllogistic reasoning, Descartes
(1596–1650), despite his absolute theoretical separa-
tion of soul from body, proposed a mechanistic model
of the body which directly linked physiology and con-
sciousness. Hobbes (1588–1679) emphasized the role
of external stimuli and bodily sensations in generating
the content of consciousness. In the 18th century, James
Mill proposed an interactive relationship between
emotions and physiologic states, in which sensations
within the body (such as gastrointestinal contractions)
could both give rise to anxiety, and be caused by it
(Moehle & Levitt 1991).

A more unidirectional model rose to prominence 
in the 19th century, however, called the James–Lange

agoraphobia (fear of being alone, crowds, and cross-
ing open spaces alone), specific social phobia (inability
to urinate or write a letter while being observed), and
generalized social phobia (avoidance of most interper-
sonal interactions).

Bergonzoli (1915) comprehensively reviewed the
many manifestations of the anxiety disorders. He noted
that the phenomena were quite complex, involved both
psychological and somatic manifestations, appeared in
a number of different mental disorders, and therefore
should not be clustered as a single entity. He believed
they did not represent extremes of normal emotions,
but rather derived from constitutional factors that
could be discovered in the autonomic nervous system
and brain stem (Berrios 1999).

Psychoanalytic models of anxiety

Freud extensively developed the view that manifold
phenomena could be explained through unitary eti-
ologic constructs. Freud’s classic paper of 1894 (Freud
1953) outlined the view of the psychoneuroses that
would persist for many decades afterward. Concepts
of anxiety were central to early psychoanalytic for-
mulations, and took different forms through Freud’s
developing models. His earliest theory construed severe
anxiety states and panic as the consequence of thwarted
biological sexual drives. Hysteria (which included con-
version, anxiety, and phobic symptoms) was viewed 
as a defense against becoming conscious of traumatic
sexual memories. In Freud’s later theories, anxiety
became the signal of repressed unconscious sexual and
aggressive infantile impulses whose threatened expres-
sion reinvoked infantile terrors within the adult. Infantile
dangers derived from fears which were central to 
each developmental phase, such as loss of a necessary
caretaker, castration, or punishment (Glick 1995).
The detection of internal and external threats released 
anxiety, which in turn might promote an effective
response (in normal anxiety), or a repressive response.

Much debate has surrounded the therapeutic mech-
anisms of psychodynamic therapy. Freud’s later view
was that psychoanalytic treatment heightened patients’
awareness of these internal processes and thereby freed
them from residual developmental influences. Clinical
symptoms signified the failure of universal mechan-
isms; thus the symptom presentation was relatively
unimportant, as the treatment recommendation was
always the same.
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theory of emotion. William James and Carl Lange
independently proposed the view that emotions resulted
from conscious awareness of somatic events, as opposed
to being independent, meaningful responses to the
environment. The implication was that anxiety responses
were innate rather than learned, being the result of
nonconscious, reflexive physiologic processes. The
theory was later refuted by Walter B. Cannon (1871–
1945) in a series of empirical tests of the James–Lange
hypothesis, and replaced by Cannon’s new emphasis
on the thalamus as the originator of both emotion and
its physiologic concomitants (Moehle & Levitt 1991).

Cannon devoted his career to the study of physiologic
changes in animals under stress, which he elaborated
into the “emergency theory” explaining the emotions
of rage and fear. In 1929, he proposed a comprehen-
sive model with several components: (i) epinephrine
(adrenaline) was released as an adaptive component of
the stress response, which also included the release of
glucose, slowing of the gastrointestinal system, height-
ened energy and muscular tension, increased rapidity
of coagulation, and orienting, vigilant behavior; (ii)
the emotions of fear and rage were intimately associ-
ated with these physiologic events; (iii) this response
was best understood as evolved to prepare for flight 
or attack (Cannon 1929). Darwin’s emphasis on evo-
lutionary explanations, rooted in mechanisms that
promote adaptability and survival, figures prominently
in Cannon’s work. The idea that the functional signi-
ficance of physiologic processes can be viewed in evo-
lutionary terms is usually considered Cannon’s major
contribution. Furthermore, he compiled evidence from
experimental, clinical, and pharmacologic observations
to propose that the thalamus was the primary source
of both emotion and visceral response. In his model,
when a stimulus is registered, impulses travel either to
the cortex, which then interprets and relays the signal,
or directly to the thalamus. The net effect is the release
of thalamic activity along pathways which innervate
muscles and viscera as well as the cortex, resulting in
experienced emotion (Cannon 1929, p. 369).

Learning theory

Pavlov believed conditioning could provide a physio-
logic explanation for the development of psychiatric
symptoms. For example, he drew parallels between 
the “stereotypy, iteration, and perseveration” in his
conditioned animals and compulsive neurosis (Pitman

1994, p. 8). In addition to conditioning mechanisms,
Pavlov also posited an interaction between inherited
temperament and learning based on the wide range of
responses he observed in the same species of animals
when exposed to identical stressors. Many authors since
Pavlov have elaborated the conditioning model to
explain both normal and pathological anxiety states,
as well as to develop therapies. John B. Watson (1879–
1952), considered the father of American behaviorism,
believed human anxiety and fear were largely explain-
able as conditioned responses, but neglected Pavlov’s
earlier ideas on the influence of constitutional factors.

By the 1950s, common features between clinical
anxiety symptoms and experimentally induced “neur-
oses” in chronically stressed animals had been widely
appreciated, including (i) the induction of anxiety states
by environmental experience; (ii) the tenacity of such
responses in a variable reinforcement condition; (iii)
the global responses of an organism to chronic inescap-
able stress (Liddell 1952).

Experimentally induced symptomatology in humans

A third body of research contributing to a neurobiolo-
gical model of anxiety involved the study of experiment-
ally induced psychiatric symptoms in human volunteers.
During World War II the US government sponsored
the Minnesota Experiment, a research program of con-
trolled starvation of 36 male volunteer conscientious
objectors over several months, followed by controlled
nutritional rehabilitation. During the starvation phase,
significant behavioral and psychological symptoms were
observed in subjects, including depression, irritability,
apathy, and erratic behavior. Most importantly, re-
searchers found marked elevation of MMPI scores in
the “neurosis triad” of hysteria, depression, and hypo-
chondriasis. The scores and psychiatric symptoms 
normalized after nutritional balance was restored (Keys
1952). This finding was interpreted as evidence of the
influence of physiology on producing psychological
symptoms, although it seems likely in retrospect that
environmental factors might also have been influential.

The discovery of lysergic acid diethylamide (LSD)
also influenced etiologic concepts of mental illness,
since for the first time symptoms similar to psychosis
could be induced with a pharmacologic substance. It
seemed more plausible therefore that neurotransmitter
dysregulation might be implicated in psychological
phenomena.
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published in 1934. The system was primarily for pur-
poses of statistical classification in hospitals, however,
and was never widely popularized (Blashfield 1984).
In the late 1940s, growing international recognition of
the need for scientific consensus on the terminology of
mental illnessaspurred by the creation of the National
Institute of Mental Health in 1946aculminated in a
project to develop an improved diagnostic system. The
WHO published ICD-6 (WHO 1948) in the same time
period, adding for the first time a section for mental
disorders.

In DSM-I (APA 1952), the neurobiological con-
sequences of overt brain disease were recognized as
“disorders caused by or associated with impairment of
brain tissue function” such as intoxication, infection,
neurological trauma, and congenital disease. The 
anxiety disorders fell under the rubric of “disorders of
psychogenic origin or without clearly defined physical
cause or structural change in the brain” (APA 1952, 
p. 5). The following syndromes were designated as
“psychoneurotic disorders”: anxiety reaction, disso-
ciative reaction, conversion reaction, phobic reaction,
obsessive compulsive reaction, and depressive reac-
tion. The syndromes were essentially prototypal narra-
tive descriptions without clear boundaries or criteria.

Consistent with prevailing psychodynamic and Dar-
winian ideas, anxiety disorders were viewed as a 
“danger signal felt and perceived by the conscious 
portion of the personality” (APA 1952, p. 31). Emo-
tional conflict generated by personality structure was
the presumed primary etiology for all disorders. Overt
symptoms were seen as shaped by defense mechan-
ismsahence the term “reaction” throughout DSM-I.
Thus, anxiety disorders were located within a norma-
tive, dimensional model of anxiety, with an implied
clinical emphasis on personality dynamics and the 
psychological meaning of anxiety over physiologic
processes.

DSM-II

The second revision of DSM (DSM-II) published in
1968 (APA 1968) was similarly based more on com-
mittee consensus than scientific review, and was coor-
dinated with the development of ICD-9 (WHO 1978).
Lacking knowledge of etiology, DSM-II attempted “to
provide a middle ground to satisfy the needs of psychi-
atrists of different schools of theoretical orientation”
(APA 1968, p. XV). After a series of consultations with

Integrating laboratory findings with clinical models

Laboratory models of anxiety had a minimal impact on
clinical reasoning until Mowrer’s classic paper (1939),
credited as the first sophisticated attempt to introduce
findings from experimental psychology into the pre-
dominantly Freudian clinical model of anxiety (from
Moehle & Levitt 1991). Mowrer’s major contribution
was the use of learning theory to explain the develop-
ment and maintenance of anxiety and avoidance
behavior. Mowrer proposed that anxiety was learned,
functioned as motivation, and operated to reinforce
habits and associations by its reduction. These are now
widely accepted concepts. Eysenck (1955) incorporated
constitutional factors into a learning theory model of
anxiety. His view was that the intrinsic lability and
reactivity of the autonomic nervous system determined
the range and intensity of anxiety responses, which 
in turn formed the basis of conditioning. During this
same period, effective pharmacologic treatments cre-
ated renewed clinical interest in the study of patho-
physiology (see below).

Standardized classification systems of
the 20th century (ICD and DSM)

DSM-I

In writing the history of a disease, every philoso-
phical hypothesis whatsoever, that has previously
occupied the mind of the author, should lie in
abeyance. This being done, the clear and natural
phenomena of the disease should be notedathese,
and these only. They should be noted accurately,
and in all their minuteness; in imitation of the
exquisite industry of those painters who repre-
sent in their portraits the smallest moles and the
faintest spots (Sydenham 1848, preface).

The existence of a number of competing classification
systems in the 19th and early 20th centuries impeded
communication among clinicians and scientists, pre-
vented the accumulation of a consistent body of refer-
ence literature, and greatly limited generalizability 
of pathophysiologic studies. Furthermore, empirical
methods could not be applied to questions of nosology
without a standardized classification from which to
work. A plan for diagnostic uniformity in psychiatry
was formulated as early as 1917, and the first official
nomenclature, largely based on Kraepelin’s work, was
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clinicians and experts, an APA committee reviewed and
approved the new version. The process of development
of DSM-II therefore emphasized the communicative
function of a classification system, while relatively
neglecting issues of reliability and validity.

In DSM-II, the relative emphasis on clinical description
continued, but definitions still presented theoretical
assumptions about etiology as factual. For example,
phobias were “generally attributed to fears displaced to
the phobic object or situation from some other object of
which the patient is unaware” (APA 1968, p. 40). Panic
attacks were recognized but remained within the categ-
ory “anxiety neurosis.” The other anxiety syndromes
presented in DSM-II were obsessive-compulsive, de-
pressive, dissociative, hysterical, phobic, neurasthenic,
depersonalization, and hypochondriacal disorders.

Panic disorder and the discovery of effective
pharmacotherapy

Perhaps the most important factor in stimulating noso-
logic progress in modern psychiatry was the serendipit-
ous discovery of effective medications for severe mental
illness such as lithium for manic-depressive illness
(1949), followed by chlorpromazine for schizophrenia
(1952), and later imipramine for depression and ben-
zodiazepines for anxiety (chlordiazepoxide in 1960).
The specific patterns of effectiveness of these drugs 
further validated the basic Kraepelinian approach to
nosology, and allowed the creation of the first power-
ful biologically based method for refining nosologya
pharmacologic dissection (Klein 1987).

In the 1950s, emotional conflict, and therefore anxi-
ety, was assumed to be etiologic in not only the anxiety
disorders, but in all mental illness. The result was a
prevailing nosologic nihilism and relative dismissal of
descriptive diagnosis. Not surprisingly, a number of
studies found poor diagnostic agreement among clini-
cians due to inconsistencies in how observed phenom-
ena were categorized. Hospitalized patients in the 
US with severe anxiety and agoraphobia were often
diagnosed as schizophrenic, and clinical formulations
emphasized prominent personality features and uncon-
scious motivations. When preliminary clinical trials
were conducted with the new medications, however,
patients with psychotic symptoms improved on chlor-
promazine, whereas patients with agoraphobia did not.
Patients with agoraphobia did improve on imipramine,
however, primarily due to the ablation of spontaneous

and situationally predisposed panic attacks (Klein &
Fink 1962; Klein 1964).

Thus, the new drugs allowed pharmacologic dissec-
tion of distinct clinical syndromes within a heterogeneous
population. The discovery of imipramine’s effective-
ness for the spontaneous panic attack itself, separate
from generalized and anticipatory anxiety, was also
important evidence that heterogeneous mechanisms
for clinical anxiety might exist, further supporting a
syndromal taxonomic approach to mental illness
(Klein 1989).

The discovery of benzodiazepines also led to metho-
dologic progress in neurobiological research by stimu-
lating the development of animal models of anxiety.
With respect to nosology, however, their transdiag-
nostic benefits appeared consonant with a continuum
model of anxiety, or perhaps with the existence of a
final common pathway. This also highlights the limita-
tions of drawing taxonomic conclusions based solely
on pharmacologic response. In other words, more
valid conclusions can be drawn from pharmacologic
dissection than pharmacologic amalgamation (Klein
1989).

DSM-III and the dissolution of the pyschoneuroses

Our belief in any particular natural law cannot
have a safer basis than our unsuccessful critical
attempts to refute it (Popper 1963).

In their textbook Diagnosis & Drug Treatment of
Psychiatric Disorders (Klein & Davis 1969), Klein and
Davis reaffirmed the utility of descriptive diagnosis as
a guide to proper treatment, while developing several
new diagnostic categories. For DSM-III (APA 1980),
there was better appreciation of the fundamental prop-
erties of classificatory systems, such as the constraints
which reliability impose upon validity. Empirical evid-
ence was available for the first time that could explicitly
address nosologic issues such as syndromal coherence
and discriminability (Spitzer & Fliess 1974). The exist-
ing nosology was in fact found to possess poor inter-
rater reliability (Spitzer & Fleiss 1974). Two especially
influential publications were Feighner et al.’s (1972)
proposal of explicit criteria for 14 syndromes based on
existing evidence (rather than committee consensus),
and Spitzer et al.’s Research Diagnostic Criteria (1975)
which served as a template for the DSM-III. The prior-
ities of improving reliability and internal consistency
are observable throughout DSM-III.
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criteria. The availability of nosologically relevant data
had increased dramatically during this period. DSM-
IV diagnostic criteria are discussed at length elsewhere
in this volume.

Individual DSM-IV disorders

Panic disorder

A number of medical scholars in the 18th and 19th cen-
turies described paroxysmal attacks of overwhelming
anxiety with dyspnea, vertigo, sweating, and palpita-
tions, and often accompanied by dramatic avoidance
and incapacitation (Berrios 1999). Often the term
anguish (or its French or German equivalents) was used
to differentiate these phenomena from general anxiety.
Because of prominent dizziness and vertigo-like symp-
toms, frequently the cause was attributed to dysfunc-
tion of the inner ear. Following earlier Continental
European writers, Freud made the observation in 1895:
“In the case of agoraphobia, etc., we often find the 
recollection of a state of panic; and what the patient
actually fears is a repetition of such an attack under
those special conditions in which he believes he cannot
escape it” (Freud 1895, p. 136). Freud (1926) eventu-
ally, however, proposed that the agoraphobic patient’s
avoidance served to prevent “the danger of giving 
way to his erotic desires”. One of Kraepelin’s lectures
entitled “Irrepressible ideas and irresistible fears” con-
tains a clear description of spontaneous panic attacks
accompanied by fears of dying, morbid somatic pre-
occupations, and classic agoraphobia (Kraepelin 1904,
pp. 262–4). Kraepelin essentially advocated expo-
sure therapy (although with pessimistic expections)
and cautioned against lengthy hospitalization in such
cases.

The observation that imipramine was effective for
panic attacks led Klein and Fink to take detailed his-
tories and similarly observe that spontaneous panic
attacks regularly anteceded agoraphobia. The history of
panic disorder research is illustrative as a model inte-
gration of neurobiology and nosology (Klein & Klein
1989). Pharmacologic findings (imipramine response)
led to creation of a new category (panic disorder), a
redefinition of the concept of agoraphobia (from fear of
open spaces, to fear of being away from home or other-
wise in circumstances in which escape or getting help is
limited), and ultimately new courses of rational neuro-
biological investigation into etiology (see Chapter 3).

By this time well-developed, competing theoretical
models of anxiety were in existence, and there was
heightened appreciation of the paucity of available
data which might inform diagnostic development. An
attempt was made therefore to formulate disorders in
neutral language with respect to etiology, in the tradi-
tion of Sydenham. When it was decided that both
inclusion and exclusion criteria would be required 
for a syndrome definition, it became apparent the
“psychoneuroses” as a group had no inclusion criteria.
Their only commonality was an unsubstantiated 
etiological theory. Thus, the dissolution of the overall
rubric of neurosis in DSM-III was the natural outcome
of demanding descriptive inclusion/exclusion criteria
that were not dependent upon theories of causation or
inferred processes.

In addition, the multiaxial system was introduced 
in DSM-III, following the Meyerian tradition of com-
prehensive evaluation. It is worth noting that the
DSM-III did not attempt, as has sometimes been claimed
by critics, to be “atheoretical” in the broadest sense. 
It was explicitly based on the beliefs that empirical
principles should take priority, and that achieving 
reliability and discriminant validity was important to
progress (APA 1980, pp. 6–7).

Major features of the anxiety disorders section of
DSM-III derived from newly available evidence from
pharmacologic studies. In particular, the association
between agoraphobia and panic attacks was recognized,
and the symptom presentation redefined as a fear of
“being alone or in public places from which escape
might be difficult or help not available in case of sudden
incapacitation, e.g. crowds, tunnels, bridges, public
transportation” (APA 1974, p. 227). Panic disorder,
generalized anxiety disorder, social phobia, and post-
traumatic stress disorder were proposed as new diag-
noses. New phenomenologic groups for somatoform,
dissociative, psychosexual, and impulse control disorders
were also created out of symptom clusters previously
included in the single group of anxiety neuroses.

Increased awareness of the importance of the above
issues seemed to accelerate the process of refinement
and revision, culminating in the issue of DSM-III-R in
1987 (APA 1987), and DSM-IV in 1994 (APA 1994).

DSM-IV

For DSM-IV, persuasive empirical evidence was expli-
citly required to make further changes in diagnostic 
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A number of clinical and laboratory findings con-
verge upon the conclusion that spontaneous panic
attacks do not represent a sudden surge of normal anxi-
ety, including the initial observation that imipramine
was effective for panic attacks but relatively ineffective
for anticipatory anxiety. Surprisingly, there is no sudden
surge of hypothalamic–pituitary–adrenal (HPA) axis
activation during a panic attack. Instead, there appears
to be a moderate prepanic increase in cortisol, and subtle
alterations in HPA axis activity which may correlate
with severity of anticipatory anxiety, avoidance, and
general illness severity (Abelson & Curtis 1996). Finally,
the prominent symptom of dyspnea distinguishes the
panic attack from normal fear. Instead, the panic attack
may represent a suffocation false alarm related to dys-
regulation of a functional, respiratory-linked, behav-
ioral regulatory system (Klein 1994). Alternatively, there
may be a respiratory-dysfunction subtype of panic dis-
order characterized by prominent dyspnea, which might
eventually prove relevant to future diagnostic revisions.
Cognitive-behavioral views of the nature of panic dis-
order involve the anxiogenic effects of catastrophic
misinterpretation of physiologic sensations, and have
been discussed and reviewed elsewhere (Panzarella
1995; Antony & Barlow 1996). Conceptual efforts at
integrating biological and cognitive behavioral models
are consistent with Klein and Davis’ early observations
(1969) that spontaneous panic attacks appear distinct
from accompanying generalized anxiety.

Social phobia

Kraepelin (1899) described the symptoms of both 
circumscribed and generalized social phobia. He noted
that some patients experienced “overpowering feelings
of aversion when they have to establish relations of any
kind with other persons,” whereas other individuals,
who appeared otherwise healthy, were “unable to urin-
ate or write a letter in the presence of other people”
(Kraepelin 1904, p. 139).

Berrios notes that two books on social phobias
(using the term “timidity”) appeared at the turn of 
the century. The more important was by Hartenberg
(1901) and presented a complete description with eti-
ologic hypotheses. He theorized that it resulted from
excessive fear, shame, and embarrassment in social situ-
ations; that it could cause serious social impairment;
that it had multiple causes including environmental,
dispositional, and hereditary factors; that it varied in a

dimension from normal shyness to severe generalized
fears; and that the best treatment was support with
behavioral therapies (Berrios 1999).

Social phobia was also well-described by Isaac Marks
(1969). Its recognition in DSM-III reflected early im-
pressions that (i) most patients had only one social fear
limited to a specific social situation, and (ii) social phobia
should be meaningfully distinguished from avoidant
personality disorder. The observation that pharmaco-
therapy might be effective for social phobia (Liebowitz
et al. 1985) stimulated a proliferation of descriptive
and treatment studies. As a result, the diagnosis was
further refined in DSM-III-R to allow for a continuum
of social fears and create the generalized subtype desig-
nation. Evidence that pharmacologic response was 
not influenced by the presence of comorbid avoidant
personality disorder influenced the decision to allow
making both diagnoses concurrently in DSM-III-R. The
arbitrary distinction between severe generalized social
phobia and avoidant personality disorder may represent
a false dichotomy that is more reflective of historical
precedent in the field than actual phenomenology.

As noted in DSM-IV, individuals with both panic
attacks and social avoidance can sometimes pose a
diagnostic problem. Individuals with social phobia may
panic in their feared situations, although they gener-
ally do not develop dyspnea or fear they are going to
die, nor do they experience nocturnal or spontaneous
panic attacks. Many individuals with panic disorder
fear being judged and humiliated if they panic in pub-
lic, but will also report a history of unexpected panic
attacks. Pathophysiologic studies support the current
view that panic disorder and social phobia are distinct
syndromes. Compared to individuals with social phobia,
panic patients are significantly more likely to panic
with lactate infusion. Panic patients also may respond
better to tricyclic antidepressants (Klein 1996) than
those with social phobia, although both respond to
monoamine oxidase inhibitors (MAOIs).

In addition to studies of the clinical condition, a
functional analysis of the social phobic syndrome sug-
gests that future study of the neurophysiology of traits
related to interpersonal sensitivity and attachment
might be fruitful. In particular, functional systems that
regulate social dominance and submission in a social
hierarchy have been implicated in primate studies, and
corroborative evidence in human studies of the D2
receptor has recently been discovered (Grant et al.
1998; Schneier et al. 2000).
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Although neurobiological hypotheses regarding
obsessions and compulsions had been proposed, the
discovery (1967) and confirmation of clomipramine’s
effectiveness initiated a new era of study, and, in 
particular, a focus on serotonergic mechanisms
(Montgomery 1994). The pharmacologic finding that
serotonergic agents are more effective for obsessions
and compulsions than nonserotonergic antidepressants,
and that their antiobsessive benefit is independent of
antidepressant benefit, contributed to the separation
of OCD from affective disorder (Dolberg et al. 1996).

There is perhaps more evidence in support of neuro-
biological origins for OCD than any other anxiety 
disorder, and is reviewed elsewhere in this volume.
Since heterogeneity across individuals in these studies
is common, future classification systems may be able
to include subtypes of the disorder based on the patho-
physiology involved.

Post-traumatic stress disorder

Descriptions of the consequences of severe trauma
have existed since ancient times (Shay 1994). Several
18th century psychiatrists linked trauma and psychi-
atric disorder (van der Kolk & van der Hart 1989).
John Ericksen described symptoms of increased arousal,
nighmares, somatization, and increased startle follow-
ing railroad accidents, and attributed them to spinal
injury (railroad spine syndrome; Kinzie & Goetz
1996). The view that trauma was etiologic in anxiety
symptoms was entertained at the turn of this century
by a number of prominent authors, including Janet,
Charcot, Briquet, and Freud (the seduction theory)
before being replaced in the field by psychoanalytic
theories emphasizing fantasy over actual experience 
as etiologic. As in all of psychiatry, the premature
attempt to identify primary etiology (whether biolo-
gical or psychological) before clear syndromes were
established contributed to controversy and confusion
(Kinzie & Goetz 1996).

War-related syndromes are especially prominent in the
19th and 20th century literature, and include “exhausted
heart,” “irritable heart syndrome” (American Civil
War) and “neurocirculatory aesthenia” (World War I)
(Jones 1995). The contemporary definition of post-
traumatic stress disorder (PTSD) is usually traced to
the World War I diagnosis of “shell shock,” which was
initially thought due to the actual concussive effects of
the newly invented heavy artillery. Soldiers with the

Although individuals with a single circumscribed
phobia are grouped within the same diagnosis as those
with longstanding, pervasive social avoidance and
impairment, it is possible these will emerge as patho-
physiologically distinct conditions.

Obsessive-compulsive disorder

Descriptions of the phenomena of obsessions and 
compulsions can be found in historical documents
over the past several centuries. Pitman (1994) pro-
vides several instances, which also illustrate the con-
ceptual framework with which the symptoms were
understood. A passage from the Malleus Maleficarum
(the 15th century compendium of witchcraft and psy-
chopathology) describes a priest brought to Rome for
exorcism:

When he passed any church, and genuflected in
honour of the Glorious virgin, the devil made him
thrust his tongue far out of this mouth when [he]
tried to engage in prayer, [the devil] attacked him
more violently (Pitman 1994, p. 3).

Although psychological symptoms have often been
given metaphysical explanations, Pitman points out
that common obsessional themes of guilt, doubt, doing
harm, and determining right from wrong, made the
phenomena even more convincing as a moral problem.
Those with obsessional thoughts seemed “besieged”
by the Devil, in contrast to psychotic individuals who
appeared fully possessed.

The neurologist Carl Westphal in 1878 distinguished
obsessions from depressive symptoms:

Against the will of the person concerned, [the
thoughts] come into the foreground of the con-
sciousness. They cannot be dispelled, they hinder
and frustrate the normal course of ideas, although
the afflicted always recognizes them as abnormal
and alien. Most of the time, [they are] absurd, and
have no demonstrable connection with previous
ideas, but rather [seem] even to the patient himself
incomprehensible and appearing out of thin air
(Pitman 1994, p. 6).

However, obsessions and compulsions were viewed 
as separate phenomena until the last few decades.
Westphal’s early observation of an association be-
tween obsessions, tic disorders and epilepsy presaged
recent neuroanatomical and neurobiological findings
in obsessive-compulsive disorder (OCD) (Insel 1992;
Pitman 1994; see Chapter 6).
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newly termed “war neuroses” were shown in 1918 to
exhibit exaggerated stress responses when exposed to
reminders of war (Southwick et al. 1994).

Studies of World War I veterans by Kardiner, Spiegel
and Grinker (Grinker & Spiegel 1945; Kardiner &
Spiegel 1947; Spiegel & Classen 1995) led to the theor-
etical integration of conditioning and psychoanalytic
models. These authors also recognized the interaction
of stressor severity with vulnerability in producing post-
traumatic symptoms. Kardiner described traumatic
neurosis as a “physioneurosis” based on the prominence
of physiologic symptoms and somatic complaints. He
emphasized its nosologic distinction from hysteria and
compulsion neurosis since the operative fear in war
neurosis was damage to the physical integrity of the
self (Kardiner & Spiegel 1947, p. 336). Psychotherapy,
support, and physical rehabilitation were the primary
treatments. Hypnosis and narcosynthesis were used 
in some cases to facilitate an unproductive therapy 
or to accelerate the course of treatment. Abreaction
involving reliving traumatic experiences was often
advocated as a means of accessing memories to be later
integrated in psychotherapy.

Between the World Wars, a clinical literature emerged
dealing with the clinical consequences of industrial and
occupational accidents, and the politics of compen-
sation entered the literature as well (Kinzie & Goetz
1996). More clinical reports appeared in the 1940s
and 1950s concerning not only war veterans, but also
survivors of fire and Nazi concentration camps (Kinzie
& Goetz 1996).

In spite of this early work, and perhaps in part because
the prevailing psychoanalytic model minimized the
importance of adult experience in explaining symp-
toms, a post-traumatic syndrome was not officially
proposed until DSM-III (APA 1980). The DSM-I (APA
1952) diagnosis of “gross stress reaction” presented no
criteria, and described a reaction to severe trauma in a
“normal personality” which supposedly cleared rapidly
in most cases. If it did not, a “definitive” diagnosis was
to be made from other categories. This diagnosis was
removed in DSM-II, and only the adjustment reactions
were available to categorize post-traumatic symptoms.

Kolb proposed an influential model of PTSD in which
traumatic exposure was hypothesized to produce cor-
tical and synaptic changes through the mechanisms 
of conditioning, sensitization, and failure of normal
habituation (Kolb 1987). The physiologic disturbance
was regarded as primary, and the psychological symp-

toms were viewed as the consequence of recurring,
severe, uncontrollable symptoms of hyperarousal and
intrusive memories.

The neurobiology of chronic PTSD has been an area
of increasing investigation since its identification in
DSM-III (see Chapter 5). However, most research to
date has been conducted with war veterans, and it
remains to be determined whether the generalizability
of this research is limited by high comorbidity, unique
aspects of war trauma, and the treatment-refractory
status of many subjects in this population. Recent
large multicenter clinical trials finding a significantly
better response to medication than that seen in trials
with war veterans supports this view, and emphasizes
the likelihood that the diagnosis encompasses a high
degree of heterogeneity (Brady et al. 2000; Marshall 
et al. 2001a).

The diagnosis of PTSD may prove to have several
subtypes, depending upon such factors as the develop-
mental phase during which the trauma occurred, 
presence or absence of impulsive dyscontrol, specific
symptom profile (including dissociative symptoms),
comorbidity, or pre-existing psychiatric disorder. In
addition, several studies have found that individuals
with subthreshold PTSD symptoms also experience
significant impairment and have higher rates of co-
morbidity and suicidal ideation compared to controls
(Weiss et al. 1992; Blanchard et al. 1996; Stein et al.
1997; Marshall et al. 2001c). This opens an important
and relatively unexplored question in trauma research.
By analogy, subthreshold major depressive disorder
also has been found to be a legitimate focus of clinical
attention.

The role of trauma as an etiologic factor in other
psychiatric disorders and symptom domains remains
to be clarified. For example, recent longitudinal stud-
ies confirm earlier retrospective studies in finding that
childhood trauma is associated with adult personal-
ity disorders (Herman et al. 1989; Luntz & Widom
1994; Johnson et al. 1999; Shea et al. 1999). Epidemio-
logic studies have consistently found that childhood
trauma increases risk for a range of adult disorders
(Kessler et al. 1997). Trauma may function as a non-
specific stressor within a stress-diathesis model, play 
a more specific causal role in some disorders, be 
irrelevant to the etiology of the disorder in question, 
or be an epiphenomenon of pre-existing disorder 
(such as impulse or substance abuse disorders). Such
questions are especially relevant to understanding the

15



groups were not reported. Childhood abuse victims
had significantly higher scores on 8/9 scales, which
were used to operationally define the DESNOS criteria.
However, both groups were highly symptomatic, sug-
gesting an alternative interpretation that childhood
trauma was nonspecifically associated with increased
severity of a range of symptom measures. Furthermore,
the two groups were not matched on other variables
that might account for the findings. Much more study
is needed with diverse populations and methodologies.

Acute stress disorder

Acute stress disorder was added to the anxiety disorders
in DSM-IV, and describes acute post-traumatic stress
symptoms (re-experiencing, avoidance, and increased
autonomic arousal) with prominent dissociative symp-
toms (Cardena et al. 1996) occurring in the immediate
period after a traumatic event. The new diagnosis was
proposed largely based on replicated findings that 
dissociative symptoms in the peritraumatic period
increase risk for subsequently developing PTSD (Spiegel
& Classen 1995).

Acute stress disorder identifies individuals who would
meet criteria for post-traumatic stress disorder (except
for the time restriction of being 1 month post-trauma)
and also have prominent dissociative symptoms.
Peritraumatic dissociation, however, is likely only one
of several factors contributing to the development of
PTSD, and thus it appears premature to narrow the
focus of study to only those individuals with dissociat-
ive symptoms in addition to intrusive, avoidant, and
arousal symptoms. Approximately 40% of subjects
with PTSD symptoms in the 1st month post-trauma do
not have prominent dissociative symptoms but still
present with significant disability and distress and can
develop chronic disorder (Marshall et al. 1999).

In contrast, ICD-10 is organized on different prin-
ciples, and captures both relatively nonspecific acute
responses to trauma (acute stress reaction, and adjust-
ment disorder), and the specific, well-validated con-
stellation of symptoms included in PTSD. It may be
argued that this approach better serves the primary
purpose of a clinical diagnosis, which is to identify the
range of individual responses to trauma associated
with significant impairment and/or distress. Instead,
dissociative symptoms might be recognized as an 
associated feature of both acute and chronic PTSD 
in order to facilitate research and treatment studies.

pathophysiology of how different types of environ-
mental experience are registered and subsequently
influence synaptic networks, gene expression, and
behavior. A high rate of comorbidity between PTSD
and the affective, anxiety, and substance abuse disor-
ders may indicate the existence of common etiologic
mechanisms (Charney & Bremner 1999). However,
important distinctions between PTSD and commonly
comorbid disorders such as major depressive disorder
(Yehuda et al. 1996) and panic disorder have been
observed. For example, a recent study found that
PTSD patients had significantly lower baseline corti-
sol, baseline MHPG, and lower volatility in response
to clonidine challenge compared to those with panic
disorder (Marshall et al. 2001b). The evolutionary
utility of a functional neurophysiologic system for
responding to danger and trauma and encoding the
experience for purposes of survival has been appreci-
ated for decades. This model figures importantly in dis-
tinctions between normal and pathological responses to
trauma. It also raises the same controversial issues as
the debate between normal and pathological anxiety.
For example, vivid remembering of the trauma in the
presence of stimuli resembling the traumatic event is so
common that it might be considered a part of normal
physiology. In fact, evidence to date suggests that each
of the core clusters overlaps with the prospectively
demonstrated normative response to severe trauma
(Rothbaum et al. 1992; North et al. 1994).

Given the extensive comorbidity observed in PTSD
using the current diagnostic system (Kessler et al.
1995), further nosologic research may suggest a more
parsimonious nosology which recognizes a broader
range of responses to severe trauma within a single
syndrome. For example, Herman has proposed a diag-
nosis called disorders of extreme stress not otherwise
specified (DESNOS), or complex PTSD, which would
identify affective, dissociative, and somatic symptom
clusters, disruptions of relationships, identity, and
repeated experiences of self-harm in individuals with
histories of severe childhood abuse (Herman 1993).
Minimal empirical evidence is available at present in
support of DESNOS. The essential issue is whether
these symptoms cluster homogeneously and are not
already captured by existing disorders of better estab-
lished validity. Zlotnick et al. (1996) studied 108 women
consecutively admitted to a psychiatric inpatient unit,
74 of whom reported serious childhood sexual abuse
(90% had been raped). Diagnostic findings in the two

CHAPTER 1

16



CONCEPTUAL ANTECEDENTS

Clarification of the relationship between the different
dissociative symptoms, trauma, and psychiatric disor-
der is needed. For example, dissociation is not always
associated with trauma, and is equally associated with
general psychopathology (Waller et al. 1996; Mulder
et al. 1998; Marshall et al. 2000).

Generalized anxiety disorder

Generalized anxiety disorder (GAD) remains perhaps
the most provisional anxiety syndrome. GAD emerged
as a residual category in DSM-III when the anxiety
neurosis category was divided into multiple syndromes,
and panic disorder was recognized separately. DSM-
III allowed the diagnosis to be made after only 1 month
of anxiety symptoms with motoric, autonomic, and
cognitive manifestations. Since this potentially con-
founded the category with transient adjustment reac-
tions, the time criteria was lengthened to 6 months in
DSM-III-R to focus attention on a chronic, perhaps
more endogenous form (Spitzer & Williams 1984).
Excessive and/or unrealistic worry was made the key
feature. The DSM-IV definition simplified the inclu-
sion criteria and now emphasizes the uncontrollability
of the worry. A core set of increased arousal and motor
tension symptoms was also identified, based on valid-
ity studies (Brown et al. 1994). As currently defined,
situational factors and the cognitive content of the
worry must be carefully examined to exclude other
disorders (Brown et al. 1994).

The clinical problem of defining excessive and un-
reasonable worry, given the influence of class, culture,
personality, and values on what constitutes appro-
priate worry, remains a difficult diagnostic issue.
Alternatively, GAD may be better conceptualized 
as a general trait/vulnerability factor (Brown et al.
1994), or a final common pathway for numerous 
disturbances.

To date, minimal differences have been found to 
distinguish qualitatively the physiology of GAD from
normal physiology. The majority of studies of skin
conductance, heart rate, respiration, epinephrine and
norepinephrine (noradrenaline) levels, as well as urinary
and plasma cortisol under rest and stress conditions,
have shown no differences (Hoehn-Saric & McLeod
1993). However, heightened muscle tension and a 
narrowed range of autonomic responsiveness does
appear to differentiate GAD patients from normal 
subjects (Hoehn-Saric & McLeod 1993).

Whether syndromal unity will emerge from further
research is unclear. The issue of whether such symp-
toms might still be best understood as a general vulner-
ability to other disorders, a response to chronic and/or
significant psychosocial stressors, or as the penumbra
of subsyndromal disorders remains unresolved. Sub-
groups within GAD may show distinct resting or stress
responses. Given the high rate of comorbidity in this
disorder as in PTSD, heterogeneity is an important and
increasingly debated issue. Research which excludes
all other disorders possesses limited generalizability.

Neurobiological comparisons in patients with GAD
and other anxiety disorders might be particularly per-
tinent to questions of nosologic validity. If replicated,
the finding that major depression and GAD share the
same genetic liability also suggests that further noso-
logic refinement of this syndrome may be necessary
(Kendler et al. 1992).

Specific phobia

Clinical descriptions of phobic behavior can be found
in the writings of Hippocrates, Shakespeare, Descartes,
and Burton’s Anatomy of Melancholy, in which he dis-
tinguishes between fear and depression (Marks 1969).
The term phobia, derived from the Greek phobos
meaning fear, acquired its modern definition (as an
unreasonable, involuntary fear of an objectively non-
threatening situation or object) during the 19th cen-
tury (Marks 1969).

Specific phobias are a clinically heterogeneous group
of syndromes with the common feature of circum-
scribed fear and avoidance. Since phobias develop
around a limited number of situations, objects, and
animals, and usually are not the result of a conditioned
reaction, this has been seen as evidence of a constitu-
tional preparedness to develop fears of phylogenetic-
ally prepotent stimuli. It is also clear from primate
studies that a fear reaction is evident on first exposure
(e.g. to snakes) even in laboratory animals that have
never been exposed in a natural environment. Evidence
of pathophysiologic heterogeneity across the specific
phobias are differences in age of onset, clinical course,
familial aggregation, and autonomic response to the
phobic stimulus (Fyer 1987). Blood- injury- needles-
phobic individuals show a biphasic response on expo-
sure characterized by an initial rise in blood pressure,
followed by an overcompensatory vasovagal response
of hypotension, bradycardia, and sometimes fainting
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It is unclear how the finding of common etiologic
mechanisms in anxiety disorders would influence a
diagnostic system. As discussed above, separate clin-
ical syndromes might need to be preserved for diag-
nostic and treatment purposes regardless of common
etiology, or conversely, in the presence of numerous
phenocopies.

As scientific progress often consists of a series of 
successive approximations, future psychiatric classi-
fication will likely emerge from an ongoing dialectic
between the fields of psychopharmacology, neurobio-
logy, nosology, and various behavioral and psycho-
logical approaches.
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PART TWO

Symptoms and Syndromes





Relationships Among Anxiety
Disorders: Patterns and Implications
H.-U. Wittchen, Y. Lecrubier, K. Beesdo & A. Nocon

example in the case of panic disorder and agorapho-
bia, the nature, the meaning and the implications of
these associations remain poorly studied and under-
stood. Whereas current clinical and treatment research
is strongly focused on specific anxiety disorders, recent
ayet controversial (Wittchen et al. 1999)aepidemio-
logical modeling exercises came to the suggestion that
there might actually be only very few indications for
sufficiently different patterns of associations (Krueger
1999).

This chapter starts by summarizing the available 
evidence for overlap within the anxiety disorders from
available epidemiological and clinical studies, but also
voices some critical methodological concerns. In the
second part of the chapter, various perspectives and
conceptual frameworks for a better understanding 
of the relationship among different forms of anxiety
disorders are discussed, focusing on the structure of
phobic disorders, the panic-agoraphobia disorders, as
well as generalized anxiety disorder (GAD).

Methodological considerations

The study of associations between disorders, usually
termed “comorbidity” (Wittchen 1996), is a tricky
process that requires a considerable degree of sophisti-
cation in order to avoid confusion and artefactual inter-
pretations. Ideally, the study of associations amongst
anxiety disorders should be based on epidemiological
studies in representative population samples in order
to avoid the risk of potentially biased estimates; such
biases may result from sampling strategies typically
used in clinical studies, and may be influenced, for
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Introduction

The mandatory core element of all anxiety disorders 
as maladaptive human behavioral patterns is the occur-
rence of an anxiety reaction that may vary widely in
terms of intensity, frequency, persistence, trigger situ-
ations, severity and consequences and other qualifying
features. Given that such anxiety reactions, even in the
context of clinically significant disorders, are universal
primate experiences and behavioral patterns, with
important evolutionary adaptive functions, one would
expect a considerable degree of overlap between dif-
ferent forms of anxiety disorders, simply because of
sharing this core element. This expectation is supported
by the fact that our current diagnostic classification
systems are almost exclusively based on descriptive
phenomenology, using a patient’s subjective verbal
descriptions to classify his or her problem into one or
more specific classes of anxiety disorders. Addition-
ally, the introduction of descriptive explicit diagnostic
criteria in modern classification systems (Diagnostic
Statistical Manual, third edition [DSM-III: American
Psychiatric Association, APA, 1980], third revised edi-
tion [DSM-III-R: APA 1987], fourth edition [DSM-IV:
APA 1994], and the International Classification of Dis-
eases, 10th edition [ICD-10: World Health Organization,
WHO, 1993] ), which replaced the former traditional
broader distinction of anxiety neurosis and phobic
neurosis by a large number of specific anxiety disorders,
has considerably enhanced the probability that patients
will receive more than one diagnosis (“comorbidity”)
from these various forms of anxiety disorders.

Although some of these “within-anxiety comor-
bidities” have certain nosological underpinnings, for
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period of time” (Wittchen 1996) frequently disregards
the dimensional nature of mental disorders and the prob-
lem of appropriate thresholds. Highlighting this prob-
lem, which is particularly relevant for cross-sectional
studies, is the fact that a person with one threshold dis-
order might actually have one or more subthreshold
diagnoses, just falling short of the mandatory criteria
for these disorders (for example, having four instead 
of the five symptoms for major depression). Thus, it is
possible that comorbidity estimates based on categorical
diagnoses might considerably underestimate the “true”
overlap of psychopathological syndromes (Goldberg
1996). The problem of a sometimes arbitrary diag-
nostic threshold has been highlighted by Weiller et al.
(1998) and Angst and Dobler-Mikola (1985), who
demonstrated that clinical severity and disability asso-
ciated with subthreshold disorders are not that differ-
ent from threshold disorders. Even when selecting
patients after suicide attempts, more than 10% present
with subthreshold diagnoses (Balazs et al. 2000).

Types and frequency of comorbid
patterns in the spectrum of anxiety
disorders

With these methodological limitations in mind, Table
2.1 reports patterns of associations between anxiety
disorders from a community study of 14–24 year 
olds, covering all types of anxiety disorders, assessed
with the DSM-IV version of the composite inter-
national diag-nostic interview, without using diagnostic
hierarchies.

Table 2.1 documents that there is indeed a consider-
able degree of overlap of anxiety disorders. This gener-
ally supports Boyd et al.’s (1984) and Kessler et al.’s
(1994) notion for comorbidity within anxiety disorders
as well, that having one disorder enhances considerably
the probability of having more disorders. The data
come from a community survey of 3021 subjects aged
14–24 (Wittchen et al. 1998a) and reveal that the vast
majority of anxiety disorders, including subtypes of
specific phobias are significantly associated (only signi-
ficant ORs are given) with each other, with only a few
exceptions. To highlight as an example one interesting
pattern of associations we want to focus on GAD,
believed to rank among the most comorbid conditions.
Unexpectedly, in this sample GAD does not seem to 
be more frequently comorbid than most of the other

example, by the patient’s help seeking behavior, sever-
ity of symptoms, and stage of illness.

A fairly large number of such community studies have
become available that have used modern operational-
ized diagnostic classification systems and standardized
diagnostic instruments to document the considerable
prevalence of specific anxiety disorders as well as some
patterns of their comorbidity over lifetime and cross-
sectionally. In studying comorbidity, particularly of
highly prevalent disorders, one should be aware of the
need to use appropriate statistical measures for asso-
ciations that correct for chance agreement, such as the
odds ratio (OR) statistic. The odds ratio is defined as the
ratio of the odds of the two groups compared, whereby
the odds is defined as the probability, p, that the event
of interest occurred divided by the probability, l-p, that
the event does not occur. This is essential, because one
would expect increased rates of comorbid presentations
simply by chance among highly prevalent conditions. 

A second important consideration is the question of
coverage of disorders. It is an important limitation of
most of the available comorbidity studies that only a
few have covered the full spectrum of anxiety disor-
ders with the same degree of diagnostic sophistication,
as the types and the frequencies of associations depend
heavily on the number and the scope of anxiety dis-
orders studied. For example, studies that examine only
panic disorder, GAD, and phobias will result necess-
arily in lower numbers of comorbid conditions and
consequently a higher number of “pure” disorders than
studies that cover the full range of all types of phobic
disorders (agoraphobia, social, specific phobiaaanimal
type, situational type, etc.).

Other important considerations in evaluating the
relationship between anxiety disorders are, for example,
whether the respective study: (a) focuses on lifetime vs.
12-month or current diagnoses; (b) looks at patterns
among children and adolescents who have not gone
through the entire time period of risk for onset of each
disorder as compared to adults; (c) uses diagnostic
hierarchy rules, for example, not diagnosing agorapho-
bia as a separate disorder if criteria for panic disorder
are met. All these aspects have tremendous effects on
findings and, thus, it is not surprising that there is con-
siderable variability between studies when it comes to
the indication of estimates for pure and comorbid anx-
iety disorders as well as their patterns of associations. 

One also needs to consider that comorbidity, defined
as the “presence of specified disorders in a defined
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The meaning of comorbidity patterns in
anxiety disorders

Such patterns of comorbidities can be addressed from
various perspectives (Merikangas et al. 1996). First, we
would like to address the structure of specific fears and
phobias and review the evidence for delineating differ-
ent types of specific phobias as suggested by DSM-IV.
Among this group a rare search for communalities
amongst the phobic disorders has been conducted. Con-
tingent upon Isaac Marks’ phenomenological distinc-
tions (1970), studies have examined more recently the
interrelations and common latent structure of phobias.
This group of studies is mostly descriptive and pheno-
menological. Secondly, we will examine more closely the
association of panic disorder with agoraphobia and other
disorders, before turning to GAD as a third example.

The common structure of specific fears and phobias

Curtis et al. (1998), using data from the National
Comorbidity Survey (NCS; Kessler et al. 1994) demon-
strated that specific fears are widespread in the com-
munity, whereas only one out of four subjects with
fears meets criteria for specific phobias according to
DSM-III-R criteria. The most robust finding of this study
was that most simple phobias involve multiple fears.

This contrasts with the widespread notion that these
specific phobias are isolated and circumscribed. Without
reporting actual data, for example, Marks (1970)
commented that people with phobias tended to report
several lesser phobias in addition to the one for which

anxiety disorders, and actually reveals the highest 
proportion of non-significant associations. This finding
is even more remarkable, because we deliberately chose
to present findings from a younger age group that
should give us considerably higher chances of pure 
disorders than samples based on older subjects.

Figure 2.1 demonstrates that the situation is even
more complex, because of the fact that the vast major-
ity of comorbid cases have not just one other anxiety
disorder, but even two, or three or more out of the
total of 13 specific forms of anxiety disorders included
in the analyses. The three disorders with the highest
number of additional diagnoses in this young sample
are post-traumatic stress disorder (PTSD), panic dis-
order and agoraphobia. Further analyses of these data
also reveal indication for a systematic increase with
regard to a number of comorbid conditions over time
and age. For example, the proportion of pure anxiety
disorders in all disorders considered is high among
14–16 year olds, and then decreases fairly steadily with
increasing age. By age 25 and aboveain contradistinc-
tion to 14–16 year oldsaonly a minority of subjects
presents with a pure anxiety disorder. This suggests
that cross-sectional and lifetime comorbidity even with-
in the anxiety disorders increases considerably with
age. The consistently elevated significant ORs in Table
2.1 clearly demonstrate that the associations between
anxiety disorders are not artefactual and cannot be
explained by chance agreement. Instead, we have come
to the conclusion that the comorbid presentations bear
some meaningful implications from a patho-genetic,
clinical and public health perspective.
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Fig. 2.1 Proportions of anxiety
disorders, that are pure, comorbid
with one, two, and three or more other
anxiety disorders.



RELATIONSHIPS AMONG ANXIETY DISORDERS

they sought treatment. This impression has persisted
among clinicians, though without much documenta-
tion. Yet, in a small community sample of women,
Costello (1982) did observe a small but statistically
significant tendency of one fear to be accompanied by
others. Therefore a closer inspection of Curtis et al.’s
(1998) work is informative.

In the NCS study 49.5% of respondents reported
the lifetime occurrence of an unreasonably strong fear
of one or more phobic stimuli. Fear of animals (22.2%)
and of heights (20.4%) were reported significantly
more often than other specific fears. Fear of being
alone (7.3%), of storms (8.7%) and of water (9.4%)
were the least prevalent. Only 22.7% of respondents
with one or more lifetime fears met full NCS or DSM-
III-R criteria for lifetime simple phobia. It is also 
noteworthy that the most common fears are least
likely to be associated with a diagnosis of simple 
phobia (rank–order correlation = –0.94). Although
most specific fears are accompanied by others, the
prevalence in the population declines with the number
of specific fears, from 22.23% with one fear to 2.1%
for persons with 6–8 fears. The probability of meeting 
criteria for simple phobia increases consistently with
the number of specific fears, from 12.1% for persons
with a single fear to 56.9% for persons with 6–8 fears.

Interestingly, the examination of co-occurrence among
specific fears and phobias revealed that only 24.2% of
the people with lifetime simple phobias reported only a
single specific fear. The vast majority had a lifetime his-
tory of two (26.4%), three (23.5%), four (10.4%) and
more than four (17.3%) specific fears, respectively. In
fact, high tetrachoric correlations (removing artificial
reasons for differential bivariate correlations due to var-
iation in prevalence of fears) were found among all pairs
of the eight specific fears (range: 0.67–0.88). Factor
analysis of this matrix documented a strong first prin-
cipal factor. Attempted solutions with more dimensions
failed to uncover evidence of interpretable dimensions.

One possible reason for this failure is that factor
analysis uses only two-way relationships. To determine
whether a meaningful subtyping could be obtained with
higher-order information, the authors examined the full
cross-classification among the specific fear/phobia types,
with an unexpected finding: Among all (N = 915) NCS
subjects with lifetime simple phobias, 141(!) multivariate
profiles of specific fears were found out of a logically
possible maximum of 255 (82). None contained enough
cases to constitute a meaningful type.

Despite the relative rarity of pure simple phobias,
the four most common profiles were all pure: namely
animal, blood/illness, heights and closed spaces, in
descending order of frequency. An additional latent
class analysis (Lazarsfeld & Henry 1968; McCutcheon
1987) was used to determine whether a small set of
underlying subtypes could account for the distribution
of cases across the 141 reported profiles. Taking data
from the total NCS population, the best-fitting model
was a four-class solution characterized primarily by: 
(a) non-cases; (b) profiles with blood/illness and animal
(two of the more prevalent) fears; (c) profiles with
height fears (one of the more prevalent) and, to a lesser
degree, flying, closed spaces, and animal fears; and (d)
profiles with many specific fears.

It is remarkable that on factor analysis and other
tests of association, the subtypes of specific fears and
phobias studied in the NCS do not cluster in any pre-
dominant patterns. At first glance this appears to differ
from research that shows separate animal and blood-
injury factors (Arrindell et al. 1991) and that predis-
positions to these factors show evidence of heritability
(Phillips et al. 1987). Actually, these analyses show
that persons who fear one animal or one blood-injury
situation also tend to fear others. In the present study,
all such items were collapsed into one, so that there was
no opportunity for multiple animal fears and multiple
blood-injury fears to load on common factors. 

To summarize, this pattern of findings from cross-
setional epidemiological data does not support strongly
the current DSM-IV subtyping of specific subtypes of
specific phobias.

Implications of multiple phobias
The main differentiating feature of the latent class
solution in the Curtis et al. (1998) study was the 
number of fears. Although this could be seen as a dis-
couraging finding, it is noteworthy that subsequent
analyses showed that it was an important distinction
with many implications: Increasing numbers of spec-
ific fears, independent of content, are associated with
more likelihood of full criteria simple/specific phobia
diagnoses, more disability, and more comorbidity 
with other anxiety disorders. This suggests that the
number of fears may mark some general predisposition
to anxiety disorders (Table 2.2).

Table 2.2 demonstrates that the number of fears
seems to be associated with various outcome measures,
such as impairment, comorbidity with other anxiety dis-
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orders and several aspects of family psychopathology,
most of which increase significantly with increasing
numbers of specific fears. The most dramatic indicator
of the trend in impairment is in reports that fears 
interfered “a lot” with life and activities. There are
more modest elevations in the number of fears in people
who sought help from a professional or took medica-
tion more than once because of their fears. As is also
shown in Table 2.2, simple phobia is highly comorbid
with other lifetime anxiety disorders. While 42% of the
people with lifetime simple phobias with only one fear
meet criteria for at least one other anxiety disorder, this
percentage increases to 84.1% among those with 6–8
specific fears. The table also presents the associations
between the number of specific fears in respondents
with simple phobia and histories of major depression,
GAD, substance dependence and antisocial personality
disorder in their mothers and fathers. Almost all ORs
were greater than 1.0, indicating a positive association
between simple phobia and a family history of these
mental disorders. In all cases the odds ratios were
smaller for respondents with pure simple phobias than
for those with multiple fears. It was also remarkable that
age of onset curves were found to be virtually identical
for respondents with a pure simple phobia and those
with multiple specific fears. The median age of onset is
about 12 years, and acquisition was about 90% com-
plete by age 25. The finding that more fears predict
more parental depression, substance dependence and
antisocial personality disorders along with similar age
of onset characteristics suggests that the number of
fears may mark something broader, perhaps a general
predisposition to psychopathology.

It is also noteworthy that the probability of recovery
is inversely and significantly related to number of
specific fears. While 60% of people with pure simple
phobias eventually recover, this is true of only 30% of
people with simple phobias plus 2–3 specific fears and
only 20% of those with 5–8 fears.

Specific phobias: implications and future directions
These results provide slight support for heterogeneity
of the specific phobia category, but strongly suggest
underlying common factors. This is consistent with the
ICD-10 classification system and with the dominant
trend of the DSM system. However, the results do not
rule out heterogeneity nor negate other evidence sup-
porting it. It would not be surprising if there proved to
be both a disposition to particular phobias and also a

more general disposition to all phobias. In a large-scale
twin study, Kendler found exactly this: “strong evidence
of the existence both of genetic and environmental risk
factors unique to each kind of phobia and for genetic
and environmental risk factors that influenced all pho-
bia subtypes” (Kendler et al. 1992, p. 279).

In order to resolve the issue of combining or splitting
the specific phobia category using the approaches cur-
rently in vogue, it will be necessary for future research
to collect detailed and separate information about every
irrational fear reported, including age of onset; whether
it reaches full phobia criteria; its course, including age
of remission, if any; detailed comorbidity history and
information from family members, at least about fears
and phobias, but ideally about a range or other mental
disorders. The labor and cost of this undertaking can
be minimized by making detailed inquiries in subsets
of respondents from larger surveys. The purpose of the
exercise would be, of course, to arrive at a classifica-
tion which is etiologically and therapeutically mean-
ingful. Among the questions hinging on the outcome
are whether all simple/specific phobias should con-
tinue to be treated in the same way and whether 
treatment of all or some of them early in their course
might reduce the later onset of more serious disorders
for which they appear to signal an increased risk.

Separation anxiety/panic attacks/expectation
anxiety/agoraphobia/depression

Probably the most stimulating approach to explain a
considerable part of within anxiety comorbidity has
been Donald Klein’s “symptom progression model,”
which ultimately has lead to the distinction of panic
disorder from GAD in DSM-III-R. Klein (1981) hypo-
thesized that spontaneous panic attacks are respon-
sible for triggering agoraphobic avoidance behavior,
leading in the majority of subjects to the development
of secondary agoraphobia and possibly other com-
plications (depression and substance abuse). Within
this framework, Gittelman and Klein (1984) also linked
separation anxiety disorders in early childhood as a
potentially additional “tracer” condition for subsequent
panic-agoraphobia (Klein et al. 1992). From this etio-
logically exciting and clinically fruitful perspective that
has led to the DSM-III-R decision to put panic disorder
higher in the diagnostic hierarchy than agoraphobia,
one would expect that subjects experiencing panic
attacks and panic disorder are at an increased risk of
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with agoraphobia did not reveal any signs of panic 
disorder, nor even of panic-like experiences (Wittchen 
et al. 1998b).

In fact these study findings, summarized in Fig. 2.2,
suggest that panic attacks are overall fairly unspecific
for the development of either panic disorder or agora-
phobia. Rather, they seem to be unspecific yet sensitive
markers for any type of secondary clinically significant
psychopathology. They significantly predict the sec-
ondary onset of a wide variety of mental disorders and
particularly of being multimorbid. Yet, the conditional
probability of those who have experienced at least one
DSM-IV panic attack to develop subsequently other
mental disorders is, consistent with Klein’s model,
high for panic disorder (37.4%) and agoraphobia
(20.6%), but also high for almost all other disorders
(47.7%), whether they be social or specific phobias,
GAD, affective, substance or stress-related disorders.
Particularly noteworthy is the finding that subjects
with primary panic attacks rarely continue with no
specific mental disorder (8.5%), but go on frequently
to develop three or more mental disorders in their fur-
ther course (56.6%). Similar evidence has also been
presented in the WHO primary care study (Lecrubier
& Üstün 1998) conducted in 26 916 consecutive prim-
ary care patients. In this study 45.6% of those with
lifetime panic attacks fulfilled diagnostic criteria for
major depression, while only 42.6% reached criteria
for panic disorder. In the same sample, out of 227
patients with lifetime signs of panic, all but two had an
Axis I mental disorder. Whether this finding can be
generalized is unclear; however, in samples with a high
severity of mental disorders, such as suicide attempters,

developing secondary agoraphobia and other comorbid
conditions, such as depression and substance abuse.
Another implication of this hypothesis is that one
might expect that agoraphobia rarely or never occurs
without panic or panic-like experiences.

Although a number of clinical studies focusing on
clinical cases with panic disorder and agoraphobia
provide, retrospectively, some considerable evidence for
this model, prospective-longitudinal studies have failed
so far to fully confirm the model. In a large prospective-
longitudinal community sample of over 3000 adoles-
cents and young adults, Reed and Wittchen (1998)
examined whether primary panic attacks are associ-
ated with significantly increased risk of developing
first panic disorder and then later on agoraphobia 
and other conditions. Their study showed first, con-
sistent with Klein’s model, that panic attacks are indeed
associated significantly with both (a) the subsequent
onset of panic disorder and agoraphobia, and (b) an
increased subsequent risk of developing secondary
depression and substance abuse. However, they fur-
ther demonstrated that panic attacks are also strongly
associated with numerous other conditions in the
absence of panic disorder and agoraphobia, for example:
PTSD (OR 17.8), dysthymia (OR 17.7), alcohol
dependence (OR 11.5), social phobia (OR 5.0), and
specific phobia (OR 6.1). Further, the association with
separation anxiety disorder was significant not only
for panic disorder and agoraphobia, but also for most
other disorders. Another core finding of this study,
which is inconsistent with the model, is the fact that
even after the most careful and elaborate psychopatho-
logical distinctions among cases, the majority of cases
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Fig. 2.2 Conditional probability of
subjects with primary panic attacks 
to develop other mental disorders 
and to stay well (modified from 
Reed & Wittchen 1998, p. 341, with
permission). *Any other mental
disorder (except panic disorder and
agoraphobia). †No diagnosis = no
threshold DSM-IV diagnosis. 
‡One dx = one additional diagnosis.
§Two dx = two additional diagnoses.
**Three or more = three or more
additional diagnoses.
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Isometsä et al. (1996) and Johnson et al. (1999) also
found that all patients with panic also had other Axis 
I mental disorders.

This finding is in line with previous longitudinal
studies in adults (Wittchen & Perkonigg 1993; Good-
win & Hamilton 2001) concerning the relationship of
comorbidity and extends to Barlow et al. (1985) work
as well as DSM-IV claims that panic attacks may occur
in all other (anxiety) disorders. Unlike Barlow et al.,
however, we did not find that the frequency and num-
ber of symptoms differed between those panickers
who developed panic disorder and those who did not.
In our sample we found more evidence that the fre-
quency and severity of associated avoidance behavior
as well as cognitive correlates of panic are different 
in those panickers with and without panic disorder.
The conditional probability after first onset of a panic
attack of developing panic disorder (37.4%) or agora-
phobia (20.6%) was similar for both sexes, but early
onset malesaunlike late onset panickersaseemed to
have a lower probability than females of developing
panic disorder and agoraphobia. Instead, such males
were significantly more likely to develop other forms
of mental disorders, particularly affective disorders.
This suggests that the existence of various pathogenic
pathways in early and late onset panic disorders are in
need of further exploration. Similar indications were
recently reported by Roy-Byrne et al. (2000) with regard
to the association of panic disorder, panic attacks and
depressive disorders. This analysis of NCS data also
revealed that panic attacks and panic disorder are
associated in a much more complex way to each other
in terms of temporal ordering as well as impact on 
disability, course, severity and risk factors. However,
does this entirely invalidate the panic symptom pro-
gression model? We suggest that this is not the case.
Rather, we suggest that among young subjects up to
the age 29, different pathways are possible, of which
the symptom progression model is just one important
model; however, we cannot exclude from such data
the possibility that, for example, among older subjects
a different picture emerges.

Comorbidity of GAD: do multiple phobias 
lead to GAD?

In light of the fact that comorbidity has been suggested
to be a fundamental characteristic of the nature and
course of GAD (Judd et al. 1998), it is surprising that,

so far, most studies have been focused on comorbidity
patterns with affective disorders and its nosological
status in the anxiety–depressive spectrum disorders.
Leaving aside the issue that it can be disputed whether
the proportion of pure and comorbid presentations of
GAD is really different from comorbidity rates observed
in other disorders (see Kessler 2000), it is remarkable
that few studies have up to now examined the hypo-
thesis that GAD might be a consequence of preexisting
multiple phobias in the patient’s illness course. This
hypothesis is consistent with a number of traditional
writings by Freud (1962) and Isaac Marks (1987) that
all suggested that multiple phobias and free-floating
anxiety form a core basis of GAD.

An examinination of the temporal patterns of onset
of comorbid disorders among sufferers with GAD in
the NCS (retrospective data) indeed supports this hypo-
theses at first sight. Among all comorbid conditions
examined in the NCS, social and specific phobias 
are the only two conditions that do precede the onset
of GAD by at least 1 year in about two-thirds of all
affected.

These retrospective figures were recently reexamined
using a prospective-longitudinal design (Nocon, un-
published thesis). This study examined the baseline
diagnostic status of a community sample yet unaffected
by GAD and then observed for different baseline diag-
nostic groups the development of GAD as an outcome
over a period of 5 years. Table 2.3 summarizes the 
outcome of this exercise. The upper portion of the
table shows the conditional probabilities of subjects
with no, one, two or three or more phobic disorders to
develop GAD. Table 2.3 also gives information about
the risk of subjects with other primary disorders (as
compared to subjects with no mental disorders).

It is first noteworthy that the risk among baseline
subjects with no disorder (cumulative incidence: 4.3%)
to develop GAD is about the same as among cases with
no phobic disorder (3.5%). (Note, other disorders
might be present!) Having one or two phobic disorders,
including specific phobia subtypes in the count, increases
the risk moderately to 6.8% and 6.7%, respectively,
whereas three or more phobias result in a significant
increase to 13.6%, resulting in an OR of 2.7. Only one
other primary mental disorder was found to be more
strongly related to subsequent GAD development in
this sample, namely PTSD (23.5%; OR: 5.9).

These findings suggest that there is some moder-
ate support for the hypothesis that multiple phobias
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ders with comorbid anxiety, the anxiety disorder starts
first (Kessler et al. 1996; Regier et al. 1998). This seems
to be true also for patterns of GAD, a disorder that
might not necessarily occur with the same frequency as
phobic disorders as the very first diagnosis in a patient’s
life, however, for which we also see in the majority
other anxiety manifestations as temporally primary
manifestations (Fig. 2.3).

lead to GAD. At the same time, one needs to acknow-
ledge that the association of primary PTSD with GAD
is more impressive, suggesting at least one other 
pathway.

The lack of associations with other depressive,
somatoform, substance and eating disorders lends fur-
ther support to the general finding that among the vast
majority of all people affected by major mental disor-
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Fig. 2.3 Comorbidity: what comes
first?

Conditional 5-years risk for secondary
onset of GAD

Cond. prob. 
Status prior onset GAD at baseline (% weighted) OR (95%CI)

No phobic disorder at baseline (ref) 3.5 1.0 (ref. category)
One phobic disorder 6.8 1.48 (0.79–2.75)
Two phobic disorders 6.7 1.50 (0.65–4.42)
Three or more phobic disorders 13.6 2.65 (1.11–6.33)

No mental disorder (ref) 4.3 1.0 (ref. category)

Panic disorder 13.8 2.60 (0.84–8.10)
OCD 15.4 3.33 (0.64–17.40)
PTSD 23.5 5.89 (2.13–16.27)
Depressive disorders 5.2 1.06 (0.54–2.07)
Substance use disorder 3.1 0.78 (0.41–1.46)
Somatoform disorders 5.4 1.26 (0.69–2.32)
Eating disorder 8.8 1.40 (0.56–3.53)

CI, confidence interval; EDSP, Early Developmental Stages of Psychopathology Study; GAD,
generalized anxiety disorder; OCD, obsessive-compulsive disorder; OR, odds ratio; PTSD,
post-traumatic stress disorder.

Table 2.3 EDSP-longitudinal sample
(N = 2548) subjects followed over 
5 years after baseline: conditional
probability of baseline cases to develop
GAD in the follow-up period.



RELATIONSHIPS AMONG ANXIETY DISORDERS

Summary and outlook: comorbidity of
anxiety disorders

The data discussed above demonstrate that we are still
just beginning to understand comorbidity in general
and within anxiety disorders, in particular.

In the past decade a vast number of studies have
clarified the role of primary anxiety disorders in the
development of secondary depressive and substance
disorders as well as their effects on depression recur-
rence risk, length of depressive episodes, and type of
onset in the community (e.g. Wittchen et al. 2000), pri-
mary care (e.g. Lecrubier 1998b) and clinical settings
(Lecrubier 1998a). Yet, patterns within the anxiety
disorders have been so far largely neglected. Therefore,
we have focused and restricted our contribution to
some associations of specific anxiety disorders, assum-
ing that they are, in themselves valuable targets and
valid diagnostic classes. However other perspectives 
to study comorbidity both within anxiety disorders
and with other mental disorders, particularly from the
affective spectrum, should not be neglected.

For example, although depression has been found 
to be the most common longitudinal outcome of most
anxiety disorders, we cannot entirely rule out at this
point the possibility that early and first manifestations
of anxiety are simply “expressions” of the same type 
of underlying vulnerability for all types of anxiety dis-
orders and maybe also for example prodromal stages
of depressive disorders. The type of subsequent anxiety
disorder expressed, the age when it is expressed, and
the environmental events and other social factors
available during the same period may organize the 
psychopathology and its further evolution in a yet
unknown manner. Thus, we might be well advised 
to consider these issues within a broader framework,
highlighting especially the partially “artificial” nature
of our current classification systems.

Recent advances in the development of the classi-
fication of anxiety disorders through the adoption of 
a basically “atheoretical,” empirically based, descrip-
tive approach have enhanced the reliability, coverage
across diverse settings, and clinical and research utility
of explicit diagnostic criteria and specified diagnostic
algorithms (APA 1994; WHO 1993). However, the
diagnoses of anxiety and affective disorders are still
heavily dependent on the outcome of diagnostic inter-
views rather than pathognomonic markers, and con-
vincing clinical and nosological validation is still largely

lacking in terms of prognostic value and stability, 
family and genetic findings, and laboratory findings
(Robins & Guze 1970). Further, it is fair to state, that
the goal of broader coverage of current psychopatho-
logical classification systems has naturally induced
more, sometimes artificial, comorbidity than previous
diagnostic systems based on questionable nosological
and hierarchical assumptions (Wittchen 1996).

However, it should be stressed again, that the 
magnitude of comorbidity between disorders has been
consistently highlighted by both epidemiological and
clinical studies, irrespective of the type of diagnostic
assessment interview used. For example, in the Epi-
demiological Catchment Area Study (Boyd et al. 1984)
and the National Comorbidity Survey (Kessler et al.
1994), the odds of a single disorder increased the 
odds of a second, and the presence of three or more 
disorders was far more common than expected by
chance. Further analyses in adults and adolescents
(Brady & Kendall 1992; Wittchen 1996) demonstrated
that patterns of comorbidity were caused by neither 
a methodological artifact nor help-seeking bias, but
might have diagnosis-specific implications for improved 
etiological models and treatments as well as under-
standing severity, impairment (Kessler et al. 1996),
course, and outcome (Wittchen & Essau 1989), at least
for the majority of disorders studied so far.

Another alternative and controversial approach to
study comorbidity was recently explored by Krueger
(1999). He addressed the issue of diagnostic overlap
by investigating the factor structure underlying some
of the more common DSM-III-R mental disorders in
an effort to elucidate the broad “higher-order structure
of phenotypic psychopathology”. By focusing on co-
morbidity as a potentially important “signal” indicating
that current diagnostic systems lack parsimony, he
conceptualizes comorbidity as meaningful covariance
among putatively separate mental disorders. He argues
that mental disorders or “core psychopathological pro-
cesses” that might be more meaningful than specific
disorders for research on treatment, prevention, and
etiology. His chief findingathat a 3-factor mode labeled
as anxious-misery and fear (representing facets of a
higher-order internalizing factor)aas the two that
basically represent the anxiety and depressive spectrum
aand a broader externalizing factor (i.e. antisocial and
substance use disorders) provides the best fit to the 
correlations among the 10 disordersais remarkable.
At first sight his finding matches data from child and
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Balazs, J., Bitter, I., Lecrubier, Y., Csiszér, N. & Ostorharics,
G. (2000) Prevalence of subthreshold forms of psychiatric
disorders in persons making suicide attempts in Hungary.
Eur Psychiatry 15, 354–61.

Barlow, D.H., Vermilyea, J., Blanchard, E.B., Vermilyea, B.B.,
DiNerdo, P.A. & Cerny, J.A. (1985) The phenomenon of
panic. J Abnorm Psychol 94, 320–8.

Boyd, J.H., Burke, J.D., Gruenberg, E. et al. (1984) Exclusion
criteria of DSM-III: a study of co-occurrence of hierarchy-
free syndromes. Arch Gen Psychiatry 41, 983–9.

Brady, E. & Kendall, P. (1992) Comorbidity of anxiety and
depression in children and adolescents. Psychological
Bulletin 111(2), 244–255.

Costello, C.G. (1982) Fears and phobias in women: a com-
munity study. J Abnorm Psychol 91, 280–6.

Curtis, G.C., Magee, W.J., Eaton, W.W., Wittchen, H.-U. 
& Kessler, R.C. (1998) Specific fears and phobias. 
epidemiology and classification. Br J Psychiatry 173,
212–17.

Freud, S. (1962) On the grounds for detaching a particular
syndrome from neurasthenia under the description ‘anxiety
neurosis.’ In: Standard Edition of the Complete Psycho-
logical Work of Sigmund Freud, Vol. 3. Hogarth Press,
London.

Gittelman, R. & Klein, D.F. (1984) Relationship between
separation anxiety and agoraphobic disorders. Psycho-
pathology 17 (Suppl. 1), 56–65.

Goldberg, D. (1996) A dimensional model for common men-
tal disorders. British Journal of Psychiatry 168 (Suppl. 30),
44–9.

Goodwin, R.D. & Hamilton, S.P. (2001) Panic attack as 
a marker of core psychopathological processes. Psycho-
pathology 34(6), 278–8.

Isometsä, E., Henriksson, M., Heikkinen, M. et al. (1996)
Suicide among subjects with personality disorders. Am J
Psychiatry 153, 667–73.

Johnson, J., Weissman, M. & Klerman, G. (1990) Panic 
disorder, comorbidity and suicide attempts. Arch Gen
Psychiatry 47, 805–8.

Judd, L.L., Kessler, R.C., Paulus, M.P., Zeller, P.V.,
Wittchen, H.-U. & Kunovac, J.L. (1998) Comorbidity as 
a fundamental feature of generalized anxiety disorders:
results from the National Comorbidity Study (NCS). Acta
Psychiatr Scand 98 (Suppl. 393), 6–11.

Kendler, R., Neale, M.C., Kessler, R.C. et al. (1992) The
genetic epidemiology of phobias in women. The inter-
relationship of agoraphobia, social phobia, situational
phobia and simple phobia. Arch Gen Psychiatry 49,
273–81.

Kessler, R.C. (2000) The epidemiology of pure and comorbid
generalized anxiety disorder: a review and evaluation of
recent research. Acta Psychiatrica Scandinavica 102 (Suppl.
406), 7–13.

genetic psychiatry and psychopharmacological inter-
vention research showing considerable overlap in 
phenomenology, underlying genetic risks, and treat-
ment response among the internalizing disorders. On
this basis, Krueger suggests that his model might be not
only phenotypically relevant, but may actually organize
common psychopathological variance in terms of
common genetic factors, a scheme that is particularly
relevant for anxiety disorders.

There are several significant limitations to this study
and approach dealing with the comorbidity phenom-
enon that suggest it would be unwise and premature to
draw strong and dogmatic conclusions on the basis of
Krueger’s current analyses, which were recently dis-
cussed in greater detail by Wittchen et al. (1999). The
findings are far too speculative to warrant the author’s
conclusion that the proposed model suggests key direc-
tions for diagnostic nomenclature and future research
in psychiatric epidemiology, genetics, pharmacology,
and intervention research. Yet despite limitations,
Krueger’s work on what might be labeled “common
core diagnostic features” is a fruitful initial step 
complementing the type of “mainstream” comorbidity
analyses. Both approaches should stimulate further
research to enhance our understanding of the core 
processes underlying psychopathology of both anxiety
and affective disorders.
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Panic Disorder: Symptoms 
and Syndromes
S.S. Sinha & J. Gorman

situational triggers. The DSM-IV also identifies situ-
ationally bound panic attacks (those that occur only 
in a certain situation) and situationally predisposed
panic attacks (those that are more likely to occur with
certain situations). Panic attacks occur in a wide range
of psychiatric disorders, including other anxiety dis-
orders, particularly social phobia and PTSD, as well 
as schizophrenia and depression. However, for the
diagnosis of PD to be made the patient must have
recurrent unexpected or spontaneous attacks.

The development of PD has its beginnings in the
experience of an initial, spontaneous panic attack. As
attacks recur and become more frequent, the patient
develops intense worry about the occurrence and con-
sequences of future attacks. This fear is known as
anticipatory anxiety. The unfortunate consequence 
of such pervasive worry is a tendency for the patient to
avoid situations in which a panic attack has occurred
in the past or seems likely to occur in the future. A
prime factor driving this avoidance behavior is the
patient’s belief that escape from such situations may
prove difficult or embarrassing. Consequently, attempts
to venture into these situations are avoided. Avoidance
behavior can become so marked that it generalizes 
to several situations and may eventually render the
patient housebound, unwilling to travel outside the
house unless with a trusted companion. This severe
form of avoidance behavior is agoraphobia.

According to the DSM-IV criteria, agoraphobia
entails anxiety about being in places where help might
be difficult or embarrassing, or in which help may not
be available in the event of a panic attack. Typical situ-
ations involve being outside the home, being in a
crowd or a line, being on a bridge, or in a bus, subway
or car (APA 1994). The diagnosis of PD can be made
with or without agoraphobia.

Introduction

Panic disorder (PD) was officially introduced into the
psychiatric nomenclature as a distinct illness in 1980
with the publication of the Diagnostic Statistical Manual,
third edition (DSM-III: American Psychiatric Associ-
ation [APA] 1980). Its recognition was prompted by
the qualitative distinction Donald Klein made between
panic attacks and more generalized anxiety following
his seminal discovery of the specifically antipanic effects
of imipramine (Klein 1964). Prior to the publication of
DSM-III panic attacks had been subsumed under the
broad category of “anxiety neurosis.” Klein’s recon-
ceptualization of anxiety differed from the prevailing
continuum model of anxiety, which traditionally
viewed panic as simply the most severe manifestation
of general anxiety.

Klein’s “pharmacological dissection” of panic from
general anxiety allowed him to conceptualize three 
key aspects of the PD syndrome that figure in the cur-
rent DSM-IV (APA 1994) formulation. These involve
spontaneous panic attacks, anticipatory anxiety, and
agoraphobic avoidance (Klein 1981).

The central clinical feature of PD is the spontaneous
panic attack, a rapid crescendo of intense anxiety or
fear that develops abruptly and peaks within 2–10 min,
and involves numerous cognitive and physical symp-
toms in multiple body systems. According to the DSM-
IV criteria, it involves at least four of the following:
palpitations, sweating, trembling, shortness of breath,
choking feelings, chest pain or discomfort, nausea,
dizziness, derealization, fear of losing control or going
crazy, fear of dying, numbness or tingling, and chills or
hot flushes (APA 1994).

Spontaneous panic attacks, by definition, occur “out
of the blue,” without any obvious environmental or
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Horwath et al. (1993) blindly reinterviewed after
7–8 years 22 patients from the Epidemiologic Catchment
Area (ECA) study who had been diagnosed with ago-
raphobia without panic. The instrument used was the
SADS-LA, and the data were blindly reviewed by a
research psychiatrist. Nineteen of the 22 originally
classified agoraphobics actually had simple phobias or
fears; one patient had agoraphobia with limited symp-
tom attacks; and the other had PD that was missed in
the ECA. This study provides strong evidence that the
high prevalence of agoraphobia without panic in the
ECA study may have been significantly overestimated
due to imprecise interviewing.

Yet, a persisting question in panic research is why
some patients develop agoraphobia and others do not.
One possibility is the specific contextual features of the
first panic attack. Some research suggests that agora-
phobia is more likely to develop when the first panic
attack occurs in a place that is classically agoraphobic,
such as an open place with several people. Interestingly,
this is consonant with the notion that agoraphobia is
maintained through predominantly cognitive mechan-
isms, notably fear of being trapped and fear of doing
something embarassing.

Lelliot et al. (1989) studied 57 patients with panic
and agoraphobia and found that 81% of all first panics
occurred in public places. Similarly, Shulman et al.
(1994) compared minimal versus extensive avoiders
and found that extensive avoiders were more likely to
have experienced the initial panic attack in classic 
agoraphobic situations.

Amering et al. (1997) interviewed 60 patients with
agoraphobia and 30 patients without agoraphobia
about their first panic attack. Agoraphobia prior to 
the first panic attack was relatively uncommon in the
sample (10%) and did not predict the presence or
absence of agoraphobia at the time of assessment.
Feelings of embarrassment about experiencing the
panic attack, and whether the panic attack occurred in
a public place, were significantly associated with the
later development of agoraphobia.

Langs et al. (2000) examined specific characteristics
of PD with agoraphobia versus those without to deter-
mine if specific factors could predict the development
of agoraphobia. They studied 84 outpatients, 24 with-
out agoraphobia and 58 with agoraphobia. The authors
found that age of onset of PD, the experience of fear of
going crazy, and the experience of chills or hot flushes
predicted whether agoraphobia would develop. Inter-
estingly, the experience of chest pain or discomfort
reduced the risk of agoraphobia.

Agoraphobia

The “American” perspective that agoraphobia is a
conditioned avoidance behavior secondary to the
experience of spontaneous panic attacks has received
considerable support from the available research.
According to this model, agoraphobia is viewed exclus-
ively as a consequence of panic. Indeed, that agora-
phobia may be a distinct illness itself has not been 
supported by empirical evidence. In fact, the initially
high estimations of agoraphobia without panic in 
epidemiological studies of the community may have
largely been due to diagnostic error.

Most studies confirm that panic attacks antecede
avoidance behavior. Garvey & Tuason (1984) showed
that panic attacks were not preceded by agoraphobia
in 12 patients. Thyer and Himle (1985) showed that
approximately 80% of panic patients stated that 
agoraphobia developed after PD. Uhde et al. (1985)
found that, of 32 panic patients, 31 developed phobic
avoidance after panic attacks started. Aronson and
Logue (1987), in a longitudinal assessment of 46 panic
patients, showed that pathological anxiety and agora-
phobic avoidance occurred after the onset of panic.

To address whether agoraphobia can stand on its
own as a nosological entity, Goisman et al. (1995)
identified the clinical characteristics of 26 subjects 
initially diagnosed with agoraphobia without a history
of PD. Upon re-examination, the majority of subjects
(73%) reported experiences resembling situational or
limited symptom attacks. Eighty-one percent of sub-
jects reported a high number of catastrophic cogni-
tions, most prominent of which was fear of doing
something embarassing, followed by fears of fainting
or losing control. Twenty-five percent reported a pre-
cipitating factor 1 month prior to the onset of the 
agoraphobia, and 30% reported a precipitating factor
6 months prior to onset, the most common of these
being recent surgery or having medical symptoms in
public, such as vomiting. Recent life stress, particularly
onset of illness or changes in health, preceded the 
agoraphobia in 36% of cases. The situational or 
limited symptom attacks reported preceded the onset
of the agoraphobia by at least 2 months in 29%, and
appeared simultaneously in 67%. Most of the patients
would have been diagnosed as PD with agoraphobia if
they experienced a few more symptoms allowing them
to meet criteria for full panic attacks. Thus, this study
suggests that agoraphobia without panic may be an
uncomplicated or less severe form of true PD, rather
than a qualitatively distinct illness.

CHAPTER 3
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PD: SYMPTOMS AND SYNDROMES

Other literature indicates that a propensity towards
agoraphobic avoidance may already exist prior to 
the first panic attack, suggesting that agoraphobia is
not wholly a conditioned phenomenon. Roth (1984)
suggests that patients with agoraphobia already have 
a complex repertoire of avoidance behaviors and ten-
dencies to be dependent on others long before they
experience the first panic attack.

Fava et al. (1988) studied 20 PD patients and found
that 18 of these experienced significant agoraphobic
avoidance, generalized anxiety and hypochondriacal
concerns before the occurrence of the first panic
attack. Lelliot et al. (1989) found that of 57 patients
with PD and agoraphobia, 23% had agoraphobic
avoidance evident before the first panic attack. Seventy
percent of this sample had prodromal anxiety and
depressive symptoms. Argyle and Roth (1989) studied
56 PD patients with agoraphobia and found that 20%
of patients had agoraphobia that preceded the panic.

Subtypes of panic: respiratory and
nonrespiratory

Although the hallmark of PD is the spontaneous panic
attack, manifestations of panic attacks are largely
nonuniform. The heterogeneous presentation of the
spontaneous panic attack has stimulated interest in
defining subtypes of the illness characterized by par-
ticular symptom patterns.

One potential subtype of PD is that defined by the pre-
sence of salient respiratory symptoms, notably shortness
of breath, choking and smothering sensations, and
hyperventilation. Briggs et al. (1993) analysed data from
Phase Two of the Cross National Panic Study. Descrip-
tions of the last severe panic attack for 1168 panic
patients were collected. The major finding of this study
was that PD patients could be phenomenologically dis-
sected into two main groups: those with prominent re-
spiratory symptoms and those without. The group with
prominent respiratory symptoms experienced more chok-
ing and smothering sensations, chest pain, numbness/
tingling and fear of dying. The group without promin-
ent respiratory symptoms experienced more palpitations,
dizziness, flushes, trembling, sweating, fear of going crazy
or losing control, nausea and depersonalization. Inter-
estingly, the group with prominent respiratory symptoms
responded to imipramine, and suffered more spontane-
ous attacks. In contrast, the group without prominent
respiratory symptoms had more situationally bound
panic attacks and responded better to alprazolam.

Biological studies of panic also point to the likelihood
of a respiratory subtype of panic. Challenge studies
with agents such as lactate and CO2 produce intense
panic attacks characterized by intense respiratory dis-
tress, particularly shortness of breath, and physio-
logical changes such as increased respiratory rate and
tidal volume (Papp et al. 1997). These attacks are also
blocked by imipramine as well as the newer selective
serotonin reuptake inhibitors (SSRIs; Sinha et al.
2000). It is beyond the scope of this chapter to review
the literature regarding challenge studies in PD.

Biber and Alkin (1999) demonstrated that challenge
with a mixture of 35% CO2 and 65% oxygen (O2)
provoked more robust behavioral and physiological
responses in patients who routinely reported a greater
number of respiratory symptoms in their panic attacks
than in patients who did not. The patients in the respira-
tory group had more severe panic and phobic symptoms
and longer duration of illness. Seventy-eight percent
(22/28) patients in the respiratory group panicked to
CO2, whereas 48% (11/23) of the nonrespiratory group
panicked. Patients in the respiratory group had signi-
ficantly higher scores on the Panic and Agoraphobia
Scale and had a longer duration of illness.

Beck et al. (2000) examined how respiratory and
nonrespiratory panickers respond to a hypoxic challenge
of 12% O2. Although both groups showed equivalent
increases in anxiety and panic symptoms, the respira-
tory subgroup showed greater fluctuation in tidal 
volume during and after the challenge. In addition, 
the respiratory subgroup showed overall lower levels
of endtidal CO2, a long established finding in the 
respiratory panic literature (Sinha et al. 2000).

Cox et al. (1994) examined panic attack symptom-
atology in 212 PD patients using the Panic Attack
Questionnaire. They found strong evidence for three
clusters of panic symptoms that could differentiate
patients: cardiorespiratory distress (particularly tachy-
cardia and palpitations), dizziness-related symptoms
(items with highest loading were dizziness, vertigo,
unsteady feelings and faintness), and cognitive/
psychological symptoms (items with highest loading
were fear of going crazy and fear of losing control).
The three clusters had good internal consistency and
were only modestly intercorrelated (0.5 or less).

Limited symptom attacks

Limited symptom attacks (LSA) are “near-panic” attacks
that do not meet the four-symptom requirement as spec-
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Nocturnal panic attacks occur during nonREM sleep,
primarily in stages 2 and 3, usually between 24 and
225 min after sleep onset (Mellman & Uhde 1990;
McNally 1994) They can be distinguished from night
terrors and panic attacks that occur while dreaming.
Approximately 70% of panic patients have experienced
nocturnal panics; however, very few panic patients
report nocturnal panic exclusively (Mellman & Uhde
1989). Sleep panic has been of interest to researchers
since the phenomenon occurs during a time when
intermediary cognitive factors are quiescent.

Whether nocturnal panic represents a more severe
form of PD is as yet unclear. Krystal et al. (1991) com-
pared sleep panic attacks with daytime spontaneous
and situational attacks and found no differences with
respect to severity and length of the attacks. Frequency
of sleep panic was lower than daytime panic. However,
this study did not report the particular symptoms
endorsed by patients during sleep panic attacks.

Norton et al. (1999) compared the frequency and
symptomatology of panic attacks in PD patients with
(22) and without (21) a history of nocturnal panic
attacks. Although no differences were found in the
actual number of attacks, the nocturnal panic group
experienced more panic symptoms during expected
diurnal panic attacks, but not during unexpected or
spontaneous diurnal panic attacks. The nocturnal panic
group experienced more chest pain and endorsed more
fears of dying.

Labatte et al. (1994) examined the characteristics of
patients with sleep panic attacks. Of 95 panic patients,
38 (40%) reported at least one sleep panic attack.
Patients with sleep panic had a higher prevalence and a
longer duration of illness, and greater severity of ill-
ness as mea-sured by the CGI. They also showed higher
rates of comorbidity with other anxiety disorders and
major de-pression. In addition, they were more likely
to have a history of childhood anxiety. The authors
conclude from these results that sleep panic suggests a
greater severity of illness.

Late onset PD

Initial presentation of panic in late life, though not
uncommon, usually suggests a general medical condi-
tion as the prime etiologic factor. If panic attacks do
begin at a later age, the ensuing anticipatory anxiety
and agoraphobic avoidance follow a course similar to
typical PD.

ified in the DSM-IV. Early studies suggest that LSA are
less severe, less frequent and shorter in duration (Krystal
et al. 1991). LSA are actually common and occur in
40% of PD patients with agoraphobia. They also appear
with relatively high frequency in people without PD.
Kanterndahl and Realini (1993) found the prevalence
of LSA in the community to be between 2.2 and 8.5%.
PD in its early stages may present exclusively with LSA.

Katerndahl (1990) addressed the validity of the
symptom requirement criteria (at least four) of the
DSM-III and suggested that this quantity of symptoms
is largely arbitrary and does not meaningfully distin-
guish such patients from those experiencing fewer
symptoms. Of 68 patients studied, 27 (40%) had LSA.
He found no demographic distinctions between those
with LSA and those with full-blown attacks. Interest-
ingly, frequencies of symptoms were greater in full
blown attacks, with the exception of the cognitive
symptoms such as fear of dying, going crazy or losing
control. The number of symptoms experienced did not
affect the likelihood of agoraphobia development.
Interestingly, cognitive symptoms may particularly
contribute to the maintenance of agoraphobic fears.
This study underscores the importance of recognizing
LSA as a harbinger or variant of typical PD.

Katerndahl and Realini (1998) compared patients
with LSA to patients with PD. LSA subjects reported
lower mean symptom severity but longer duration 
of the disorder than PD patients. Also, LSA had lower
overall health care utilization.

Katerndahl (1999) followed 21 patients with LSA.
After 1 year, four (19%) of the patients stated their
attacks had progressed to full-blown panic attacks.
Three of these four met criteria for PD.

Rosenbaum (1987) found that out of 35 patients,
94% had experienced some LSA. Fifty percent of all
panic attacks were LSA. Since the early stages of PD
may present exclusively as LSA, these attacks can
themselves be extremely disabling and lead to co-
morbidity. After treatment, 19% had only LSA. LSA
may be present in the residual phase of PD.

Nocturnal panic

A substantial proportion of PD patients experience, 
in addition to recurring daytime panic attacks, the
phenomenon of nocturnal panic. These attacks are
characterized by sudden awakening, terror and marked
physiological activation (Craske & Barlow 1989).
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Segui et al. (2000) studied the sociodemographic
and clinical characteristics of PD patients with onset
after 60 years. Sixty-four PD patients were assessed;
27 of these were late onset panic, and the remainder
earlier onset panic. Late onset PD had less family history
of PD (compared to earlier onset), had less disability,
and reported fewer and milder panic symptoms. There
was also more comorbidity with dysthymia than with
depression in late onset panickers.

Raj et al. (1993) examined 51 PD patients whose
onset was after 60 years. Though the phenomeno-
logy of the panic was similar to patients in the earlier
onset group, the late onset group experienced more
shortness of breath. This group was also more likely 
to have medical disorders such as chronic obstructive
pulmonary disease (COPD), vertigo and Parkinson’s 
disease. Shortness of breath in this group clearly
relates to the presence of chronic illnesses that make
the experience of respiratory symptoms more likely.
Beitman et al. (1991) showed that PD can begin after
age 65 and present with chest pain with no actual 
cardiac pathology.

Childhood antecedents of adult PD

The initial childhood link to adult PD was thought to
be separation anxiety (Gittelman & Klein 1984). One
of the few prospective studies in this area found that
children with separation anxiety were specifically prone
to the development of adult PD (Klein et al. 1992).
However, other studies have since challenged this
specificity. Indeed, it is now clear that childhood 
separation anxiety can predispose an individual to 
the breadth of anxiety disorders, including obsessive-
compulsive disorder (Raskin et al. 1982). It is also
likely that other childhood anxiety disorders, such as
overanxious disorder, as well as inborn patterns of
temperament, such as behavioral inhibition, can lead
to PD.

Lipsitz et al. (1994) examined the relation between
retrospectively reported childhood separation anxiety
disorder and adult anxiety disorders in 252 outpati-
ents. Patients with one or more adult anxiety disorders
were significantly more likely than those with only one
anxiety disorder to have separation anxiety in child-
hood. This study did not support a specific association
between childhood separation anxiety and adult PD,
suggesting a more complex relationship between child-
hood anxiety and adult psychopathology

Pollack et al. (1996) investigated the relationship
between childhood anxiety and adult PD. PD patients
were more likely to have an anxiety disorder in child-
hood, particularly social anxiety and overanxious 
disorder. Patients with childhood anxiety were more
likely to have a comorbid anxiety disorder in adult-
hood (74%) compared to those who did not (25%).
Childhood anxiety also significantly increased the risk
for comorbid depression in adulthood (68%) compared
to those without childhood anxiety (27%). Severity of
PD as measured by age of onset, duration of illness in
adult PD was not significantly influenced by the pres-
ence of childhood anxiety, although the relationship 
to comorbid depression does suggest that childhood
anxiety predicts a more severe course of illness.

Otto et al. (1994) studied 100 PD patients, 26 of
whom had no agoraphobia, while the remainder had
varying degrees of agoraphobia. Fifty-five percent of
the patients had at least one childhood anxiety disor-
der. The most frequent childhood anxiety disorders
were social phobia (35%) and overanxious disorder
(31%), followed by avoidant disorder (20%), separa-
tion anxiety disorder (19%), and agoraphobia (16%).
Patients with childhood anxiety also had greater ago-
raphobic avoidance in adulthood.

Behavioral inhibition to the unfamiliar is an extens-
ively studied temperamental construct initially described
by Kagan et al. (1984). It is quite common and occurs
in an estimated 10–15% of all children. This trait can
be recognized in toddlers and involves a tendency to be
cautious, quiet and behaviorally restrained and fear-
ful. As infants, they are generally irritable and emotion-
ally reactive. Generally, this group will withdraw when
exposed to novelty. By school age they are readily con-
sidered shy and introverted. Behavioral inhibition is
now recognized as a risk factor for the development of
adult anxiety disorders.

Rosenbaaum et al. (1988) found that offspring of
patients with PD have higher rates of behavioral in-
hibition (85%) compared to controls (15%). Reznick 
et al. (1992), in a retrospective study, found that PD
patients had a higher rate of behavioral inhibition than
controls. A prospective study by Caspi et al. (1996),
however, did not find elevated risk for anxiety dis-
orders in a sample of behaviorally inhibited children
followed to age 21, but did find a higher risk for 
the development of major depression. In addition,
Biederman et al. (1993) found a higher rate of social
phobia than PD in a prospective follow up of inhibited
children. More recently, Rosenbaum et al. (2000) 
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patients with major depression experience panic at
least once in their lifetime. Similarly, Stein et al. (1990)
showed that 63% of patients with PD had at least one
major depressive episode. The National Comorbidity
Survey (NCS) Study showed that 55.6% of subjects
with PD had a history of major depression (Kessler
1997). That panic and depression frequently cluster
together suggests their co-occurrence is not due to
chance, and may actually represent a specific syndrome
having a unique symptomatological and potentially
pathophysiological profile.

Panic with depression has been shown to have greater
symptom severity (Brown et al. 1996), and involves a
greater number of symptoms. In addition, comorbid
panic and depression leads to poorer outcome, poorer
response to treatment and greater disability and func-
tional impairment. The overall disability of panic
patients is markedly increased once depressive symp-
toms become prominent in the clinical picture. In addi-
tion, there is a greater likelihood of professional-help
seeking (Kessler et al. 1994). PD patients who present
with depression required more immediate treatment or
hospitalization (Grunhaus et al. 1994).

Roy-Byrne et al. (2000) examined the NCS data that
surveyed the general population for mental disorders
and looked at the association of lifetime and recent (12
month) panic depression comorbidity with symptom
severity, impairment, course and help seeking. Results
showed a lifetime and current comorbidity between
panic and depression was stronger than that for any
other anxiety disorder. Comorbid panic and depression
was associated with a significantly greater number of
physiological symptoms experienced during spontan-
eous panic attacks than those without depression.
When other comorbid diagnoses were controlled for,
this relationship was even stronger. Major depression
with comorbid panic was associated with widespread
increase in medical and mental health service utiliza-
tion. In addition, current or recent (12 month) depres-
sion was associated with greater role impairment and
disability. Comorbid panic and depression also had a
more persistent course than either disorder alone.

Brown et al. (1996) found that depressed patients
with lifetime PD had greater depressive severity, greater
impairment in physical and psychosocial functioning,
and were more likely to have a history of alcohol
dependence, somatization disorder, and avoidant per-
sonality disorder. Depressed patients with panic are
more likely to prematurely terminate both pharmaco-
therapy and psychotherapy.

suggested that much of the observed link between
parental PD and behavioral inhibition can be accounted
for by comorbid panic and depression.

Craske et al. (2001) attempted to identify childhood
temperamental traits and early experiences with medical
illness as factors in the etiology of adult PD. An analysis
of 992 children aged from 3 to 18 from the Dunedin
New Zealand Longitudinal Follow-up of Children
Study was carried out. Assessments of these children
were made every 2 years from ages 3 to 18. Forty-four
were diagnosed with PD at 18 years and 42 at 21 years.
Seventy of these cases were agoraphobia with panic,
10 were panic without agoraphobia, and 4 were panic
with agoraphobia. All subjects had endorsed at least
one panic attack symptom. Anxious temperament was
measured on a 5-point scale of emotional reactivity dur-
ing a set of cognitive and motor tasks at age 3. Medical
health measurements at ages 3, 15 and 18 were used.

Of particular relevance to the phenomenology of
panic was the finding that presence of respiratory dis-
turbance (asthma, colds, ear infections) at a young age
predicted the development of PD and differentiated PD
patients from other anxiety disorders as well as controls.
Interestingly, respiratory disturbance was predictive 
of later panic only in those patients found to be emo-
tionally hyper-reactive. Males diagnosed as high on
emotional reactivity at age 3 and were identified as
behaviorally inhibited were more likely to develop PD.
Separation anxiety was not assessed. History of asthma
may confer particular vulnerability to the development
of PD in those individuals with high emotional reactivity.

Panic and depression

An emerging diagnostic consideration within the PD
syndrome is the significant overlap of major depres-
sion with panic. Extensive research has demonstrated a
close association between panic and depressive symp-
toms. The co-occurrence of panic and depression has
important implications for clinical course, response to
treatment, and overall prognosis.

The comorbidity of panic with depression has been
documented in numerous studies. The World Health
Organization (WHO) collaborative study found a strong
association between depression and anxiety disorders,
including PD (Lecrubier & Ustun 1998). Studies have
shown approximately 30–60% of depressed patients
had secondary PD (Coryell et al. 1988; Keller & Hanks
1995). Kessler et al. (1997) showed that 21.6% of
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The association of panic with depression has implica-
tions for suicide risk. However, the relationship of 
suicide to PD is complex. Several studies have shown
that panic patients that attempt suicide have more
comorbid depression that those who do not (Cox et al.
1994; Warshaw et al. 1995). Similarly, mood disorder
patients with a history of panic attacks also have been
shown to have a higher incidence of suicide (King et al.
1995; Keller 1996). However, this relationship has
been recently questioned by Placidi et al. (2000), who
found that the presence of comorbid PD in depressed
melancholic inpatients did not increase the risk for 
lifetime suicide attempt, and was more related to the
presence of aggression and impulsivity. Roy-Byrne 
et al. (2000) found a higher incidence of suicide in
panic patients with depression compared to panickers
without depression. Yet, they also found a higher 
incidence of suicide in depressed patients with panic
attacks that, similar to Placidi et al.’s (2000) study,
was accounted for by additional comorbidities such as
personality disorders and substance abuse.

Comorbid panic and depression generally has a detri-
mental effect on treatment outcome. Van Valkenburg
et al. (1984) found a poor treatment response in 55%
of depressed patients with panic compared to a poor
response in 28% of panic alone patients. Scheibe and
Albus (1994) followed 52 PD patients prospectively
over a 2-year period. They found that after 2 years of
treatment, panic patients with depression had more
severe symptoms and were more impaired in work and
family life than patients with PD alone.

Panic and bipolar disease

A longstanding clinical observation is that panic attacks
are a frequent concomitant of bipolar disease. One of
first to document this phenomenon was Campbell in
Manic Depressive Disease: Clinical and Psychiatric
Significance (1953). Campbell succinctly describes
panic and notes its appearance in both the depressive
and, counterintuitively, manic phases of the illness.

Systematic evaluation of the overlap between panic
and bipolar disease began with the ECA Study (Chen &
Dilsaver 1995). Among the landmark findings reported
was that 20% of bipolar patients had comorbid PD, a
rate surpassing even that for major depression. Other
studies have largely reinforced these findings. Grunhaus
et al. (1994) found that 20% of patients with panic
and depression had bipolar disorder. Pini et al. (1997)

found that the most prevalent comorbid disorder in
bipolar depressives was panic.

Genetic studies provide evidence for a subtype of
panic that co-occurs with bipolar illness. Mackinnon
et al. (1997) found that, in a group of bipolar pro-
bands, 88% of panic patients had comorbid bipolar
disorder. Further, panic was diagnosed in 18% of 
family members with bipolar disorder. The same
group reported chromosome 18 linkage data showing
that linkage scores were highest in the families of
probands with comorbid PD (Mackinnon et al. 1998).

PD with concomitant bipolar disorder has substan-
tial implications for morbidity and mortality. Fawcett
et al. (1987), in a controlled prospective study, reported
that panic significantly increased the risk of suicidal
behavior in bipolar patients. Young et al. (1993) found
that anxious bipolar patients had a higher incidence of
alcohol use than nonanxious bipolars.

Panic with bipolar illness may respond to mood 
stabilizers, and may be preferentially responsive to 
valproate as compared to lithium. Young et al. (1993)
demonstrated a trend towards lithium nonresponsive-
ness in panicking bipolar patients. Baetz and Bowen
(1998) found that panic patients with an underlying
mood instability who were nonresponsive to typical
antipanic agents, responded to valproate with ameliora-
tion of panic attacks.

PD and asthma

There is a strong relationship between panic and asthma.
Asthma is a reversible airway obstructive disease char-
acterized by airway inflammation and hyperreactive
airways. An asthmatic attack involves wheezing, short-
ness of breath, cough and congestion, and hyperventila-
tion. The panic–asthma association has implications for
the suffocation false alarm hypothesis of panic neuro-
biology postulated by Klein (1993). Chronic hyper-
ventilation may ultimately sensitize CO2 centers in the
brain stem, leading to exaggerated physiological and
behavioral responses to changes in CO2.

Though there is a degree of phenomenological over-
lap, the panic attack and the asthma attack are not
identical. Schmaling and Bell (1997) compared 71 pati-
ents with PD without medical illness and 71 patients
with asthma. They found that clusters of symptoms
reflecting panic fear, hyperventilation and hypocapnia
were more strongly endorsed by subjects with PD,
whereas airway obstruction symptom clusters were
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change in stool frequency, form, passage, or bloating
and abdominal distension. The symptoms must occur
in the absence of organic pathology, such as positive
findings on laboratory evaluation or sigmoidoscopy.
IBS is a chronic, debilitating condition that affects
twice as many females as males and is responsible for
substantial health care expenditure.

There is clear overlap between PD and IBS. Lydiard
et al. (1993) found that of 35 patients with IBS, 94%
had psychiatric illness. Of these, 66% had a current
anxiety disorder and 34% had a current mood disor-
der. Walker et al. (1995) compared 71 patients with
IBS and 40 patients with inflammatory bowel disease
(IBD) and found that IBS patients had a much higher
prevalence of current (28%) and lifetime PD (41%). A
previous study by the same group (Walker et al. 1990)
found that 29% of IBS patients had PD. Analysis of the
ECA data showed that persons with PD had the high-
est rates of unexplained GI symptoms.

Kaplan et al. (1996) studied the prevalence of IBS in a
sample of 41 PD outpatients seeking treatment in a gen-
eral medical office. Of these, 46.3% met criteria for full
IBS and 8% met criteria for partial IBS. Patients with
panic and IBS reported more personal history of back
pain compared to panickers without IBS. Panic preceded
the IBS in 10 patients and followed it in 8 patients.

Lydiard et al. (1994) assessed the prevalence of GI
symptoms from the somatization section of the Diag-
nostic Interview Schedule (DIS) used in the ECA study.
A total of 194 persons were identified as having PD. GI
symptoms were reported more frequently by subjects
with PD than by those without PD. Individuals with PD
had the highest rate of endorsing GI symptoms compared
with any other psychiatric disorder. There was a 4.6-fold
greater risk for persons with PD to have IBS-like symp-
toms than those without PD. The results remained
significant when 10 patients meeting criteria for somat-
ization disorder were removed from the analysis. The
results were also similar in patients who did not meet
criteria for PD, but were experiencing panic attacks. The
IBS symptoms were more likely to be present in patients
with current or recent PD, rather than occurring as 
an antecedent or consequence of PD. This study did
not include GI symptoms that were already part of the
diagnostic criteria for panic attacks, thus suggesting
true diagnostic overlap between the two disorders.

Panic and noncardiac chest pain

A striking number of chest pain patients who present

more prominent in asthma attacks. Experientially,
there are important differences between panic and
asthma. Asthma is often felt as a difficulty with getting
air out of the lungs, while panic is felt as a difficulty
getting air into the lungs.

Asthma is a highly anxiety provoking illness. Carr 
(1999) found that 22.6% of asthmatics report hav-
ing experienced panic attacks and 9.7% report PD.
Yellowlees et al. (1987) and Shavitte et al. (1992)
reported a lifetime prevalence of PD in asthmatics rang-
ing from 6.5% to 24%, which is significantly higher
than that for the general population. The prevalence 
of PD among asthmatics is approximately 8–10 times
that of the general population.

Perna et al. (1997) investigated the comorbidity of
panic and asthma. They evaluated 51 patients with
allergic asthma and assessed the prevalence of PD and
sporadic panic attacks, the temporal relationship
between the two disorders, and the familial risk for PD
in families of asthmatics. The psychiatric disorder with
the highest prevalence in their sample was PD (20%).
Social phobia was next highest at 9.8%. In addition,
13 asthmatics (25.5%) had positive histories for unex-
pected sporadic panic attacks but did not meet criteria
for PD. 45% of asthmatics experienced at least one
panic attack, and 96% of these described these panic
attacks as qualitatively distinct from their typical asth-
matic attacks. Women also had more comorbidity
than men for PD (29.6% vs. 8.3%) and panic attacks
(37% vs. 12.5%). Also, the morbidity risk for PD was
higher for first degree relatives of asthmatics who never
had experienced panic attacks. Interestingly, 9 of 10 of
asthmatics with PD had the asthmatic symptoms pre-
cede the PD, suggesting that the presence of asthma con-
fers specific vulnerability to the development of PD.

The presence of panic and panic-fear negatively
affects the course of asthma. It is associated with longer
and more frequent hospitalizations. In addition, it
increases the use of steroids as well as more prn 
medications. These effects have been shown to be due
to the panic symptoms themselves and not the degree
of respiratory compromise (Dirks et al. 1977).

Panic and irritable bowel syndrome

IBS is the most common functional GI disorder. The
diagnosis of IBS involves recurrent (at least 3-month
duration) of abdominal pain that often is relieved with
defecation, as well as disturbed defecation at least
25% of the time, manifested by three or more of
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to emergency departments or who are referred for
angiography and have normal angiograms have a
diagnosis of PD. Panic attacks can mimic the symp-
toms of acute coronary insufficiency, leading to costly
and unnecessary medical evaluations and prolonged
mismanagement of underlying panic.

Katon et al. (1988) studied 74 patients with chest pain
and no previous history of coronary artery disease
(CAD). He found that 12 of 28 patients with normal
angiograms (43%) met PD criteria; in contrast 6.5%
of patients with positive angiograms had PD. Beitman
et al. (1989) studied 94 chest pain patients with nor-
mal cardiac angiographies. He found 32 of 94 (34%)
met the diagnosis for PD. Beitman et al. (1987) also
studied 103 patients with atypical or nonanginal chest
pain patients from a cardiology clinic and found that
59 (57%) met PD criteria.

Panic and cardiac illness

PD overlaps considerably with true cardiac illness. It 
is especially prominent in patients with documented
CAD. Morris et al. (1997) evaluated the comorbidity
of PD with heart disease and prevalence of PD in 128
outpatients presenting to cardiologists. They found
that 16 patients (12%) met the criteria for PD, and 73
patients (57%) were determined to have actual cardiac
illness; of these, 10 patients (14%) had PD. Basha et al.
(1989) examined 49 CAD patients and found 13
(27%) with a diagnosis of PD.

Chernen et al. (1995) found that of 18 patients with
CAD determined by exercise electrocardiogram (ECG)
thallium studies, two (11%) had PD. Goldberg et al.
(1990) estimated the prevalence of PD in 414 cardio-
logy outpatients. Of the 310 patients that participated,
104 (34%) of the patients had definite or probable PD.
Of these patients, 34% had evidence of CAD.

Carter et al. (1992) studied chest pain patients
admitted to the coronary care unit (CCU). They found
that one-third met the criteria for PD. Seventy-nine
percent of these had no evidence of CAD, and 21% of
these patients had actual CAD.

Fleet et al. (1998) examined PD prevalence in 250
patients presenting to an emergency department with
noncardiac chest pain. All patients underwent a struc-
tured psychiatric interview and completed psychological
scales. Seventy-four of these patients had actual CAD,
and of these 74 a total of 25 (34%) met the criteria 
for current PD. Self report measures of psychological
distress or disability were not different between CAD

patients with PD and those without PD. Thus, the
presence of PD may actually mask underlying CAD.

PD and cigarette smoking

A growing body of evidence suggests that cigarette smok-
ing is closely connected to the phenomenon of panic. The
available research suggests that smoking may antecede
panic, and subsequently affect the clinical course, par-
ticularly age of onset, and the symptom profile.

Amering et al. (1999) surveyed 102 PD patients, 
31 of whom had PD with agoraphobia. Eighty-two
percent of the patients were current or ex-smokers.
Seventy-three percent of these patients smoked in
excess of 20 cigarettes per day. At the time of onset of
PD, 72% of the patients had been smokers. Patients
who were smokers at the onset of the illness, when
compared to patients who were nonsmokers at the
onset, did not differ in terms of duration of illness of
presence of agoraphobia. Interestingly, smoking was
associated with a significantly earlier onset of the ill-
ness compared to the nonsmoking group.

Breslau and Klein (1999) estimated the risk for onset
of panic attacks associated with prior smoking, as 
well as the risk of smoking onset with prior panic. The
authors analysed data from two epidemiologic studies,
the Epidemiologic Study of Young Adults in South-east
Michigan (N = 1007) and the NCS Tobacco Supple-
ment (N = 4411). Daily smoking was associated with
increased risk for first time occurrence of panic attack;
the risk for first panic attack was higher in active than
in past smokers. There was no evidence that prior
panic attacks increased the risk for daily smoking. The
authors suggest that lung disease may be a potential
mechanism whereby smoking induces panic.

Johnson et al. (2000) examined a sample of 688
youths at the mean age of 16 years and again at the
mean age of 22 years. Heavy cigarette smoking (>20
cigarettes per day) was associated with a higher risk of
PD, agoraphobia, and generalized anxiety disorder
after controlling for several potentially confounding
factors, such as temperament, substance abuse, adoles-
cent anxiety and depression, and parental smoking,
education, and psychopathology. Evidence was not
found for an effect in the reverse direction; that is, 
anxiety disorders in adolescence were not associated
with cigarette smoking in adulthood.

Biber and Alkin (1999) found that out of 51 PD
patients, 37 (73%) of patients had a history of smok-
ing, and 14 (27%) had never smoked. The lifetime
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smoking habits revealed that for 21 (75%) of patients
in the respiratory symptom subgroup and 16 (70%) in
the nonrespiratory symptom subgroup, smoking pre-
ceded the onset of PD. Cigarette consumption in the
respiratory subgroup was greater (12.5 package years)
than that in the nonrespiratory symptom subgroup
(mean = 4.83 package years). In addition, the mean
duration of smoking was longer in the respiratory
symptom subgroup (150.21 months) versus the non-
respiratory symptom subgroup (120.39).

Conclusion

PD has evolved considerably from its original for-
mulation as a relatively unitary disorder into a more
heterogeneous “syndrome,” encompassing a range of
symptom profiles and unique associations with specific
psychiatric and medical conditions. The complexity of
this syndrome highlights the severity of panic and sug-
gests that its diagnosis can only be enabled by careful,
comprehensive evaluation. Recognition and study of
varying aspects of the panic spectrum will shed impor-
tant light on its underlying neurobiology and ulti-
mately inform the development of novel treatments.
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Generalized Anxiety Disorder
J. Monnier & O. Brawman-Mintzer

the diagnostic criteria for GAD have been revised most
frequently. As defined in the recent version of the
Diagnostic Statistical Manual (DSM-IV: APA 1994),
GAD diagnosis differs considerably from the preced-
ing definitions.

The entity of general anxiety was originally con-
ceptualized by Freud, who coined the term “anxiety
neurosis.” This term, as originally defined, included
four major clinical syndromes: general irritability,
chronic apprehension/anxious expectation, anxiety
attacks, and secondary phobic avoidance (Freud 1957).
Over time, this definition has evolved into numerous,
separate anxiety disorders, one of them being GAD.

Both the first edition of DSM (DSM-I: APA 1952)
and the second edition of DSM (DSM-II: APA 1968)
used the term neurosis in referring to anxiety disorders
and presented conceptualizations for all psychopath-
ology as stemming from such neuroses. Following the
publication of the DSM-II, Feighner et al. (1972) pub-
lished diagnostic criteria for use in psychiatric research,
in an effort to improve the reliability and validity of
these diagnoses. Unlike the previous DSM criteria, the
role of neurosis in psychopathology was not viewed as
primary. With the revision of DSM-II into DSM-III
(APA 1980), these research criteria were incorporated
in the diagnostic criteria for anxiety. By the time DSM-
IV was published, reference to neurosis was eliminated
altogether (APA 1994).

The term GAD was introduced in the DSM-III,
which evolved from the anxiety neurosis category in
DSM-II that included two core components: panic
symptoms and generalized symptoms of anxiety (APA
1968). In the DSM-III, a diagnosis of GAD required
uncontrollable and diffuse anxiety or worry that was

Introduction

Anxiety disorders, in general, are the most common
form of mental illness in the US (DuPont et al. 1996).
Generalized anxiety disorder (GAD) is one of the most
common anxiety disorders, with a lifetime prevalence
of 5.1% in the adult US population (Kessler et al. 1994).
GAD typically occurs before the age of 40, runs a chronic,
fluctuating course, and affects women twice as often as
men (American Psychiatric Association, APA, 1994;
Walley et al. 1994). Despite historic controversy to the
contrary, numerous studies have demonstrated that
GAD is a distinct illness, which occurs at a significant
rate with serious consequences (Noyes et al. 1987;
Rickels & Schweizer 1990; Kendler et al. 1992; Noyes
et al. 1992; Brown et al. 1994; Wittchen et al. 1994).
Additionally, GAD has been found to confer disability
at approximately the same level as depression and
other chronic medical illnesses (Kessler et al. 1999).

With such a high prevalence rate and serious con-
sequences, GAD should be an important concern for
health care providers. Unfortunately, anxiety symptoms
often go unnoticed, especially in primary care settings
(Kessler et al. 1994). In this chapter, we present informa-
tion on diagnosis, epidemiology, comorbidity, differ-
ential diagnosis, course, social impact, and pathogenesis
of GAD, with the intention that this information will
promote efforts to detect and treat GAD in individuals
seeking mental health and medical treatment alike.

Diagnosis

It is probably safe to say that, of all anxiety disorders,
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present. Several months of feelings of anxiety and
worry need to be present. An unspecified number of
the following symptoms also need to be present: motor
tension (restless, fidgeting, tension headaches, trem-
bling, inability to relax); apprehension (worry about
future, feeling “on edge”, difficulty concentrating);
autonomic over-activity (light-headedness, sweating,
tachycardia, epigastric discomfort, dizziness, dry mouth,
etc.). Additionally, in order to receive an ICD-10 dia-
gnosis of GAD individuals must not meet full criteria for
depressive episode, phobic disorder, PD, or obsessive-
compulsive disorder (OCD).

More specific research diagnostic criteria (The Diag-
nostic Criteria for Research) were developed for the
ICD-10 (WHO 1993). These research criteria increased
the duration criterion from “several months” to “at least
6 months,” and required the presence of at least four of
22 specific symptoms. These symptoms are divided
into five groups: (i) autonomic symptoms (N = 4); 
(ii) symptoms of chest/abdomen (N = 4); (iii) symptoms
involving mental state (N = 4); (iv) general symptoms
(N = 6); and (v) nonspecific symptoms (N = 4).

Some believe that the ICD-10’s diagnostic criteria is
more accurate than the DSM-IV, lacking the DSM’s
excessive focus on worry while still listing “apprehen-
sion” as one of anxiety’s key symptoms (Rickels & Rynn
2001). Evidence suggests that worry may not be the
most important discriminator of GAD. For example,
Bienvenue et al. (1998) examined the Diagnostic Inter-
view Schedule data from the 1993 follow-up study 
of the Epidemiologic Catchment Area (ECA) Study
(Baltimore cohort) and found that the most important
differentiating factor between the ill and not ill groups
was the presence of at least six associated symptoms,
not worry or duration.

Epidemiology

The prevalence of anxiety disorders, as assessed prior
to the introduction of GAD as a separate diagnostic
entity in the DSM-III, was evaluated in several epi-
demiological surveys in general populations. For
example, the Stirling County Study (Blazer et al. 1991)
sampled approximately 1000 subjects from Eastern
Canada who were evaluated by psychiatrists on the
basis of the Health Opinion Survey (HOS) and also
collected information from physicians and other health-
care providers. Psychiatric diagnoses were assigned

excessive or unrealistic in relation to objective life 
circumstance that persisted for 1 month or more. In
addition, several psychophysiological symptoms were
required to occur with the anxiety or worry. These
symptoms needed to be present for the duration of 
1 month for a diagnosis of GAD to be met. Finally, 
the diagnosis of GAD could not be assigned if subjects
met criteria for another mental disorder. Early clinical
studies evaluating GAD according to the DSM-III
definition found that the disorder seldom occurred in
the absence of some other anxiety or mood disorder.
The comorbidity between GAD and major depression 
was especially strong (Breslau 1985; Breslau & Davis
1985a). Due to this high comorbidity, it was suggested
that GAD would be better conceptualized as a pro-
drome, residual, or severity maker than as an independ-
ent disorder (Breslau & Davis 1985b; Clayton et al.
1991; Noyes et al. 1992). However, the comorbidity of
GAD with other disorders was found to decrease as the
duration of GAD increased (Breslau & Davis 1985a).
Based on this finding, the DSM-III-R (APA 1987) com-
mittee on GAD recommended that the duration require-
ment for the disorder be increased to six months. This
change was implemented in the DSM-III-R (APA 1987).
In addition, the hierarchical exclusion rules were
dropped in DSM-III-R, and a narrower diagnostic
hierarchy rule, which required that GAD could not be
assigned if occurring only during the course of a mood
or psychotic disorder, was adopted.

Current DSM (DSM-IV) criteria for GAD include
excessive anxiety and worry about a number of events
or activities, occurring for at least 6 months (APA
1994). The worry must be difficult to control. The
anxiety and worry needs to be associated with three or
more of the following six symptoms: (i) restlessness or
feeling keyed up or on edge; (ii) being easily fatigued;
(iii) difficulty concentrating or mind going blank; (iv)
irritability; (v) muscle tension; and (vi) sleep disturb-
ance. The anxiety, worry, or physical symptoms need
to cause clinically significant distress or impairment in
social, occupational, or other important areas of func-
tioning, and cannot be confined to features of other
DSM IV Axis I disorders (e.g. panic disorder [PD]).

The International Classification of Disease, 10th
edition (ICD-10: World Health Organization [WHO]
1993) defines GAD similarly in their Clinical Descrip-
tions and Diagnostic Guidelines, with anxiety being
generalized and persistent, and free floating. A variety
of worries and a sense of foreboding also need to be
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according to DSM-I criteria. The overall prevalence 
of anxiety, with no distinction between generalized
anxiety and PD, was 2.9%.

Following the introduction of DSM-III, several 
community-based surveys estimated the current preva-
lence rates for GAD at 1.2% to 6.4% with a lifetime
prevalence of 4% to 6.6%. Using the Schedule for
Affective Disorders and Schizophrenia (SADS), 720
individuals were evaluated for specific psychiatric 
disorders in New Haven, Connecticut, between 1975
and 1976 (Weissman et al. 1978). Psychiatric diag-
noses were assigned based on Research Diagnostic
Criteria (RDC). Results from this survey of a US urban
community found that 2.4% of the population had 
a current diagnosis of GAD. It is important to note 
that over 80% of the subjects who met positive cri-
teria for GAD in this study would have been excluded
had DSM-III criteria been used, because they also met
criteria for phobic disorder, PD, or OCD.

In the first study to estimate the prevalence rates of
DSM-III disorders on a national scale, 1-year preva-
lence rates of major depression, agoraphobia-panic,
GAD, and other phobias in a large sample (3161 house-
hold interviews) were evaluated in a 1979 National
Survey of psychotherapeutic drug use (Uhlenhuth et al.
1983). The authors developed a method for classifying
survey respondents by DSM-III-compatible syndromes
using the modified Hopkins Symptom Checklist. GAD
was found to be the most common psychiatric disor-
der, with a 1-year prevalence of 6.4%.

In the first DSM-III-based longitudinal epidemi-
ological study, a cohort of 292 males and 299 females
aged 19–20 years were evaluated from the Canton of
Zurich in Switzerland in 1979, 1981, and 1986 (Angst
& Vollrath 1991) using the 90-item Hopkins Symptom
Checklist and a semistructured interview. One-year
prevalence for GAD appeared stable, with a 2.0%
prevalence in 1979, 1.3% in 1981, and 1.9% in 1986.

The ECA Study was a five-center epidemiological
study of the prevalence of DSM-III psychiatric disorders
in the US (Blazer et al. 1991). Interviews were con-
ducted using the Diagnostic Interview Schedule on more
than 20 000 community and institutionalized adults.
GAD was assessed in only three of the five ECA sites
(Durham, NC, St. Louis, MO, and Los Angeles, CA).
The data indicated that GAD was a common disorder
with reported lifetime prevalence of 4.1% to 6.6%.

Two small regional epidemiological studies reported
the prevalence of DSM-III-R GAD. Faravelli et al. (1989)

evaluated prevalence of GAD in a population survey
(1100 interviews) of Florence, Italy. Prevalence rates
of 2% and 3.9% were found for current and lifetime
GAD, respectively. In the second study, Wacker et al.
(1992) reported a 1.9% lifetime prevalence of GAD in
a population in Basel, Switzerland. Prevalence rates of
GAD as diagnosed with the DSM-III-R and the ICD-
10 were also compared in this study. Using the ICD-10
criteria, lifetime prevalence of GAD (9.2%) was found
to be over four times higher than that found using the
DSM-III-R. The authors argued that this may be due to
the ICD-10’s broader definition of worrying and the
ICD-10 requirement of only four associated somatic
symptoms versus six symptoms in DSM-III-R.

The most recent epidemiological survey of DSM-III-
R GAD was conducted as a part of the National
Comorbidity Survey of psychiatric disorders in the US
by Kessler and colleagues (Kessler et al. 1994; Wittchen
et al. 1994). The Composite International Diagnostic
Interview, a structured psychiatric interview, was admin-
istered to a representative national sample and evalu-
ated lifetime and 12-month prevalence of 14 DSM-III-R
psychiatric disorders. Prevalence rates in the total 
sample (N = 8098) were 1.6% for current GAD (defined
as the most recent 6-month period of anxiety), 3.1%
for 12-month GAD, and 5.1% for lifetime GAD. These
rates were higher than those for PD, and again, when
ICD-10 criteria were used, the lifetime prevalence of
GAD was considerably higher (8.9%).

The prevalence of GAD appears to be even higher in
clinical settings, particularly in primary care settings.
For example, Shear et al. (1994, Meeting of the Asso-
ciation for Primary Care) found prevalence rates of
GAD, reported by patients at four primary care centers,
to be twice as high as those reported in community
samples (i.e. 10% vs. 5.1%). Another study found a
prevalence rate of 2.9% for GAD, indicating that GAD
was the most common anxiety disorder observed in the
primary care setting (Barrett et al. 1988). Similarly, a
collaborative study by WHO in primary care settings
across 15 international sites reported prevalence rates
of GAD at approximately 8% (Sartorius et al. 1996).

In addition to high rates of treatment seeking in the
primary care setting, those with GAD also seek treat-
ment specifically for GAD at high rates. For example,
those meeting criteria for GAD in the ECA study
reported receiving more outpatient mental services
during the previous year than those diagnosed with
other psychiatric disorders (Blazer et al. 1991). The
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For example, Marten et al. (1993) evaluated the 18
ratings that comprise the symptom criterion of DSM-
III-R GAD. Endorsement rates and inter-rater reliabil-
ity were calculated using interview-based ratings of
patients with GAD at four study sites (N = 204) for
each symptom. For most of the 18 symptoms, the 
interrater reliability analyses demonstrated high agree-
ment. Spearman correlation in symptom endorsement
revealed marked consistency across the four study sites
(range 0.69–0.94). Seven “satisfactory” symptoms were
identified from those meeting specific reliability and
endorsement criteria: irritability, restlessness, muscle
tension, difficulty concentrating, sleep difficulties, feel-
ing keyed up, and easy fatigability. All these symptoms
belong to either the motor tension or vigilance and
scanning clusters of the DSM-III-R. Symptoms that
belong to the autonomic hyperactivity cluster were
infrequently endorsed. Thus, the authors concluded
that these findings suggest that the associated symp-
tom criterion of GAD should be revised.

In recent research, Starcevic and Bogojevic (1999)
examined rates of GAD symptoms using the Structured
Clinical Interview for DSM-III-R modified for DSM-
IV and ICD-10 Diagnostic Criteria for Research. Because
they were endorsed by large proportions of GAD pati-
ents, seven symptoms emerged in the first rank and five
symptoms emerged in the second rank (see Table 4.1;

National Comorbidity Survey demonstrated that a
large portion of individuals with GAD sought pro-
fessional help for GAD (66% of participants), and
used medications to reduce their symptoms of GAD
(44% of participants; Wittchen et al. 1994). Similarly,
the Harvard/Brown Anxiety disorders Research Pro-
gram (HARP) data indicated over 80% of the GAD
group received psychotherapy and/or pharmacotherapy
(Yonkers et al. 1996).

Rates of GAD appear similar in special populations
such as children and the elderly. For example, Anderson
and colleagues (Anderson et al. 1987) reported a 1-
year prevalence rate of 2.9% for overanxious anxiety
disorder. In a community sample of 150 adolescents,
Kashani and Orvaschel (1988) found a 6-month pre-
valence of 7.3% for overanxious disorder. The preva-
lence of childhood overanxious anxiety disorder appears
to be even higher in a clinical setting, with up to 52%
of the sampled children seen meeting criteria for the
disorder (Last et al. 1987). It should be mentioned that
in DSM-IV the diagnosis of childhood overanxious
anxiety disorder was subsumed within the diagnosis 
of GAD. Epidemiological data on prevalence of GAD
in childhood using DSM-IV criteria are lacking. In the
elderly, GAD appears to account for the majority of
anxiety disorders, with prevalence rates ranging from
0.7% to 7.3% (Flint 1994; Beekman et al. 1998).

Clinical features

Symptoms
The presence of anxiety and worry has been an essen-
tial part of GAD diagnosis. Worry was been further
defined as apprehensive expectation in DSM-III-R.
Without the presence of apprehensive expectation or
worry, regardless of how many anxiety symptoms are
present, the diagnosis of GAD cannot be made. A sub-
stantial revision between DSM-III-R and DSM-IV is 
the greater emphasis on the uncontrollability of worry
(Brown et al. 1994). DSM-IV further departed from
the focus on somatic symptoms. The ancillary symp-
toms associated with anxiety and worry have been
reduced in DSM-IV to three of six symptoms reflecting
motor tension and vigilance. Symptoms reflecting auto-
nomic hyperactivity, which were present in DSM-III-R,
were deleted.

The shift away from autonomic symptoms as the
primary criteria has been based on studies examining
symptom endorsement patterns among GAD patients.
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Table 4.1 First- and second-rank symptoms using the
Structured Clinical Interview for the DSM-III-R modified 
for DSM-IV and ICD-10. (From Starcevic & Bogojevic 1999,
pp. 5–11.)

First rank
An inability to relax, restlessness, or a mentally tense or

“keyed-up” state
Fatigability
Exaggerated startle response
Muscle tension
Sleep disturbance
Difficulty in concentrating
Irritability

Second rank
Nausea or abdominal complaints
Perspiring
Dry mouth
Tachycardia/palpitations
Tremor
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Starcevic & Bogojevic 1999). The presence of at least
four of seven “first rank” symptoms and one of five
“second-rank” symptoms assisted in better differenti-
ating GAD from other anxiety disorders or depression.
(Starcevic & Bogojevic 1999).

Finally, Brawman-Mintzer et al. (1994) compared
the distribution of somatic symptoms associated with
DSM-III-R GAD in 28 patients with GAD-only and 77
patients with GAD plus comorbid current or lifetime
psychiatric diagnoses. No significant differences were
noted in individual GAD symptom endorsement between
the two groups. Thus, the authors concluded that the
basic symptoms of GAD are disorder specific.

Patterns of cognitions also appear to be disorder
specific. Breitholtz et al. (1999) used self-report of the
frequency of anxiety, worry, or panic attacks among
patients with GAD (N = 38) and PD (N = 36), as well
as the severity of anxiety associated with each. Thirty-
four percent of GAD patients’ cognitions centred on
interpersonal conflict or the issue of acceptance by 
others, while only 1.4% of PD patients reported such
concerns. Patients with GAD also had exaggerated
worries over relatively minor matters. PD patients,
however, reported a significantly greater frequency of
cognitions concerning physical dangers or catastro-
phes (e.g. accident, injury, death).

Onset
Epidemiology studies (Burke et al. 1991; Kendler et al.
1992) and clinical studies (Barlow et al. 1986; Rogers
et al. 1999) suggest that onset of GAD typically begins
between the late teens and late twenties.

Course
Retrospective and prospective reports indicate that
course of GAD is chronic, persisting for a decade 
or longer (Angst & Vollrath 1991; Blazer et al. 1991;
Mancuso et al. 1993; Noyes et al. 1996). HARP, a
prospective, naturalistic study of 711 adults with
DSM-III-R anxiety disorders, recruited initially from
psychiatric clinics and hospitals in the Boston Metro-
politan area, indicated that only 15% of those with
GAD at baseline experienced a full remission for 2
months or longer at any time during the first year after
baseline, and only 25% had a full remission in the 
2 years after baseline (Yonkers et al. 1996). The dis-
ability associated with GAD was found to be similar to
that found in individuals with PD or major depression
(Kessler et al. 1999).

Comorbidity
As diagnostic criteria for GAD changed with the DSM-
III-R, comorbid diagnoses were permitted and the high
rate of comorbid psychiatric disorders with GAD was
evident. Research studies conducted in relatively small
treatment samples revealed that psychiatric comorbidity
in GAD is very common. For example, in some studies
more than 90% of GAD patients fulfilled criteria for at
least one or more concurrent disorders (range of 45%–
91%; Sanderson & Barlow 1990; Brawman-Mintzer
et al. 1993). Similarly, Angst (1993) evaluated psychi-
atric comorbidity in a longitudinal epidemiological study
in Zurich, Switzerland. Strong associations (expressed
as odds ratio [OR]) between GAD and major depres-
sion (OR of an individual with GAD also having major
depression of 4.2), and dysthymia (OR of 3.8) were
found, but a relatively low association with PD (OR of
1.8) was found. Interestingly, the authors found high
comorbidity of GAD with hypomania (OR of 3.7).
The presence of comorbidity was also associated with
a high suicide attempt risk (OR of 3.6). In addition,
individuals with comorbid disorders were treated more
frequently and endorsed more work impairment than
GAD patients without comorbid disorders.

Similar findings have been reported from large 
epidemiological studies. For example, the National
Comorbidity Survey showed 90% of respondents with
lifetime GAD has at least one other lifetime disorder
and of those with current GAD, 66% had at least one
other current disorder (Wittchen et al. 1994). When
DSM-III-R diagnostic hierarchy rules were applied,
insignificant changes were noted (lifetime comorbidity
of 89.8%, and current comorbidity of 65%). The most
common comorbidities were found for mood disorders
(major depression and dysthymia), PD, and (for current
comorbidity only) agoraphobia.

The ECA Study found that 58% to 65% (depending
on the site) of subjects who have ever suffered from 
GAD also have at least one other DSM-III disorder
(Blazer et al. 1991). The highest comorbidities were with
depressive disorders, and PDs (Angst 1993; Brawman-
Mintzer et al. 1993; Fifer et al. 1994; Wittchen et al.
1994; Sartorius et al. 1996; Yonkers et al. 1996). In
addition to high rates of comorbidity in those with
GAD, studies suggest that GAD is often present in
those diagnosed with other disorders. Rates of GAD
are particularly high in those with PD and depressive
disorders (Sanderson et al. 1990; Brown & Barlow
1992; Starcevic et al. 1992; Pini et al. 1997).
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relapse for GAD patients with comorbid depression
appear higher than in noncomorbid GAD patients
(Yonkers et al. 1996). Further, comorbidity is also
associated with greater treatment seeking (Bland et al.
1997). Data indicate that patients with comorbid GAD
and depression may have poorer response to treatment
than patients with an uncomplicated disorder (Joffe 
et al. 1993; Brown et al. 1996). Moreover, comorbidity
in general in those with GAD impacts treatment out-
come (Brown & Barlow 1992).

The frequent coexistence of more than one psychi-
atric disorder in an individual has important clinical
and scientific implications. Specifically, the presence of
more than one disorder may influence the diagnostic
process, treatment response, course, and the prognosis
of a disorder. Due to the high rates of comorbidity,
some have suggested comorbid disorders should be
taken into account to further our understanding of
GAD (Maser 1998).

Differential diagnosis

Anxiety can be present as prominent feature of many
psychiatric and medical conditions. In addition, the
overlap of several common symptoms between GAD
and other psychiatric disorders, such as major depres-
sion, as well as the substantial comorbidity with these
disorders, often leads to difficulty distinguishing GAD
from other disorders. This may complicate the task of
differential diagnosis and treatment planning, particu-
larly in a nonpsychiatric setting. Disorders that require
consideration in the differential diagnosis of GAD are
briefly discussed below.

Major depression

As mentioned, some researchers raised concerns that
GAD may represent a prodromal phase of major depres-
sion. However, investigators have shown specificity at
a symptom level for GAD compared with depression.
Brown et al. (1994) found in their analysis separate
latent factors of positive affectivity, negative affectivity,
and autonomic suppression (related to GAD). They con-
cluded that their findings support the notion that GAD
and major depression can be distinguished despite over-
lap in some symptoms. Further, in contrast to major de-
pression, which is characterized by variable presentation
(such as increased vs. decreased appetite, insomnia vs.

Studies examining order of onset of GAD and other
comorbid disorders suggest that GAD usually has an
earlier onset than other anxiety and depressive dis-
orders (Brown & Barlow 1992). Brawman-Mintzer et al.
(1993) found that GAD had an onset before dysthymia
and PD and after simple and social phobia. Further,
onset of major depression seemed to follow the onset
of anxiety. Similar findings have been reported by other
investigators (Fava et al. 1992; Massion et al. 1993;
Kessler et al. 2000).

High rates of comorbidity have also been found 
in children and adolescents with GAD. For example,
children with overanxious anxiety disorder also exhibit
an unusual degree (over 50%) of comorbidity (Kashani
et al. 1988). Among the most prevalent current co-
morbid diagnoses are social phobia (16% to 59%), sim-
ple (or specific) phobia (21% to 55%), PD (3% to
27%) and major depression (8%–39%). Furthermore,
Masi et al. (1999) found, in those children and adoles-
cents they sampled, 87% had a comorbid disorder. In
particular, high rates of separation anxiety, social anxi-
ety, and depressive disorders were found. Community
samples have demonstrated similar findings (Kashani
& Overschel 1990; McGee et al. 1990). Along these
same lines, Lindesay et al. (1989) found a comorbidity
rate of 91% in a sample of older adults with GAD.

In addition to high rates of comorbidity with other
Axis I disorders, GAD also appears to co-occur with
personality disorders. For example, rates of GAD and
personality disorders in clinical populations have ranged
from 31%–46% (Gasperini et al. 1990; Sanderson &
Wetzler 1991; Mauri et al. 1992; Mavissakalian et al.
1993; Starcevic et al. 1995). These rates are similar to
rates observed with other anxiety disorders (Mauri 
et al. 1992; Mavissakalian et al. 1993). Not surprisingly
those with GAD were most likely to have Cluster C
personality disorders, such as avoidant personality dis-
order, dependent personality disorder, and obsessive-
compulsive personality disorder (Mauri et al. 1992;
Mavissakalian et al. 1993).

Comorbid GAD appears to have a significant rela-
tionship to negative outcome. For example, comorbid
GAD is associated with increased severity of secondary
disorders (Kessler et al. 2000). The presence of comor-
bid disorders in GAD patients is related to increased
rates of negative outcomes such as disability, impair-
ment, and cost of care (Noyes et al. 1980; Murphy 
et al. 1986; Angst 1993; Massion et al. 1993; Souetre
et al. 1994; Yonkers et al. 1996). For example, rates of
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hypersomnia, retardation vs. restlessness), GAD repre-
sents a relatively homogenous diagnostic group.

Anxiety disorders

Other anxiety disorders also require consideration in
the differential diagnosis of GAD. Some researchers
suggested that GAD is attributable to other anxiety
disorders, such as social phobia (Mennin et al. 1998,
18th National Conference of Anxiety Disorders
Association of America, Boston), or PD (Uhde et al.
1985). However, longitudinal follow-up studies, show
significant stability of GAD over the years. Further
research of gen-etic influences, such as candidate genes
and abnormalities in specific neurotransmitter systems,
together with re-search focusing on fear circuitry, will
hopefully help elucidate factors influencing the differ-
ent anxiety disorders.

General medical conditions

Many general medical conditions and medications may
present with prominent anxiety symptoms. If not iden-
tified and properly addressed, these conditions may
adversely affect the treatment outcome of the anxious
patient. Such medical conditions include cardiovascular
syndromes with endocrine causes, such as hyperthy-
roidism, hyperparathyroidism, hypoparathyroidism,
pheochromocytoma, hypoglycemia, and Cushing’s syn-
drome. These syndromes, although not very common,
are possible causes of anxiety symptoms. Some neuro-
logic conditions, such as complex partial seizures, intra-
cranial tumors, strokes, and cerebral ischemia, may 
be associated with symptoms observed in GAD, and
require appropriate evaluation.

Many drugs and substances commonly cause anxiety
symptoms. Excessive caffeine use or withdrawal may
cause significant anxiety symptoms (Bruce et al. 1992).
The use of various commonly prescribed medications
may cause side-effects manifesting as anxiety. Such
medications include adrenergic agonists, bronchodila-
tors, corticosteroids, thyroid supplements, antihyper-
tensives, and cardiovascular medications, such as
digitalis. Psychotropic medications, such as neurolep-
tics, and, less frequently, the selective serotonin reup-
take inhibitors (SSRIs) may cause akathisia, which
may be indistinguishable from anxiety.

Although alcohol withdrawal is a well-recognized
cause of anxiety and agitation, sedative-hypnotic 

withdrawal symptoms are often underestimated as a
potential cause of anxiety. The clinical phenomeno-
logy observed in alcohol and sedative-hypnotic drug
withdrawal and in anxiety disorders, may be highly
similar. In both conditions, nervousness, tachycardia,
tremoulusness, sweating, or nausea occur prominently.
Further, the same drugs (e.g. benzodiazepines) may be
used to treat anxiety symptoms, and alcohol may be
used to alleviate anxiety. Thus, the symptoms of an
underlying anxiety disorder may be difficult to differ-
entiate from withdrawal symptoms associated with
the use of these substances.

Social impact of GAD

For many years GAD was conceptualized as a “mild
disorder,” which received clinical attention only if a
comorbid condition such as depression developed
(APA 1987). However, increasingly data are indicat-
ing that GAD is a serious illness that frequently causes
moderate impairment (Wittchen et al. 1994). The ECA
study was the first to investigate risk factors and asso-
ciated impairments occurring in individuals with GAD
(Blazer et al. 1991). The ECA investigators found that
DSM-III GAD (defined without the hierarchy rules) is
more prevalent in women, African-Americans, and in
young persons (i.e. under the age of 30). Additionally,
lifetime GAD was more prevalent in urban areas, indi-
viduals in lower income brackets, but no clear associ-
ation with education level was found.

Massion et al. (1993) examined the effects of GAD
on role functioning, social life, overall functioning and
emotional health ratings in a clinical population of
individuals with GAD who participated in HARP.
Only one-half of these individuals reported full-time
employment and almost 40% reported receiving public
assistance. In addition to poor occupational functioning,
GAD patients reported poor social relationships, limited
engagement in recreational activities, and low satisfac-
tion with their lives. GAD, which almost universally
co-occurred with other disorders, was found to be asso-
ciated with a reduction in overall emotional health.

Consistent with data from the HARP study, 49% 
of participants diagnosed with GAD in the National
Comorbidity Survey reported substantial interference
with their lives due to GAD symptoms (Wittchen et al.
1994). Further analysis revealed that women had a
higher prevalence of GAD than men, individuals 
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trace fear conditioning (see Chapter 13). Research 
with humans also supports the role of benzodiapine
receptor problems in anxiety reactions (Dorow et al.
1987; Rickels et al. 1988; Ferrarese et al. 1990; Rocca
et al. 1998). For example, researchers have shown 
low levels of peripheral lymphocyte benzodiazepine
receptors, which are reversed with effective treatment
(Ferrarese et al. 1990; Rocca et al. 1998). Interestingly,
benzodiazepine-induced chemotaxis is also impaired
in GAD patients, but is not restored with diazepam
treatment (Sacerdote et al. 1999).

Abnormalities in the noradrenergic system (NE 
system) long have been implicated in the pathophy-
siology of anxiety disorders. However, data in GAD
have been mixed and inconclusive. For example, 
some researchers found increased NE and free 3-
methoxy-4-hydroxyphenylethylene glycol (MHPG)
levels in GAD patients, and decreased presynaptic α2-
adrenoreceptors, while others did not confirm these
findings (TiiMathew et al. 1982; Munjack et al. 1990;
Honen et al. 1997). Abelson (1991) found a blunted
growth hormone response to the α2 partial agonist
clonidine in GAD patients, possibly indicating presyn-
aptic autoreceptor hypersensitivity or postsynaptic
hyposensitivity in GAD. Charney et al. (1989) failed to
find differences between GAD patients and controls in
cardiovascular responses, self-rated anxiety, and plasma
MHPG following challenge with the α2-adrenergic
antagonist yohimbine.

Serotonin (5-HT) system has also been shown to
play a role in fear and anxiety responses in animal
models (Taylor et al. 1985; Ramboz et al. 1998) and in
humans (Kahn et al. 1991; Garvey et al. 1993; Iny et al.
1994; Garvey et al. 1995). Researchers demonstrated
that agents that selectively impact serotonergic activity,
such as the 5-HT1A agonists buspirone and gepirone
decrease the firing rate of serotonergic neurones in 
the dorsal raphe nucleus in animal models and exert
antianxiety effects in GAD patients (Tye et al. 1979;
Engel et al. 1984). Further, serotonin receptor 1A (5-
HT1A) knockout mice show behaviors consistent 
with heightened anxiety (Ramboz et al. 1998). In GAD
subjects, Iny et al. (1994) have shown a decreased
platelet paroxetine binding, and Garvey et al. (1995)
found elevated urinary levels of 5-hydroxyindoleacetic
acid, which predicted higher anxiety levels in GAD
patients. Germine et al. (1992) found that the adminis-
tration of m-chlorophenylpiperazine (mCPP) a mixed
postsnaptic 5-HT agonist-antagonist, causes greater

who were older than 24, were previously married,
unemployed, were a homemaker, and were living in
the North-East of the US were significantly more likely
to have a current diagnosis of GAD. The majority 
of individuals with GAD reported substantial inter-
ference with their lives (49% of subjects), had a high
probability for seeking professional help for GAD
(66% of subjects), and used medications for GAD
(44% of subjects). While the presence of a comorbid
disorder in subjects with GAD was associated with
greater impairment in daily activities, the investigators
noted that 59% of subjects with pure GAD reported
similar impairment. Additionally, Kessler et al. (2000)
found similar levels of disability between those with
GAD and those with major depression.

Pathogenesis

Studies have indicated that one’s vulnerability to develop
GAD may be, at least in part, genetic. For example,
Noyes et al. (1987) found that 19.5% of first-degree
relatives of GAD probands developed GAD compared
to only 3.5% of control subjects’ families. Skre et al.
(1994) reported similar findings with GAD being diag-
nosed in 22% of first-degree relatives of 33 probands
with anxiety disorders. Twin studies have suggested 
a higher rate of concordance in monozygotic twins
than dizygotic twins (Andrews et al. 1990; Skre et al.
1993). However, other studies have suggested that
while genetic factors may predispose a person to GAD,
unique and familial environmental factors play an
important role in the development of GAD (Kendler 
et al. 1995; Scherrer et al. 2000), while others have
found no support for the role of inheritance in GAD
(Mendlewicz et al. 1993). Research in the area of
molecular genetic studies of anxiety disorders have not
yet added clarity to this debate (Jetty et al. 2001).

GABAA receptors and benzodiazepine receptors are
thought to play an important role in GAD. Studies
examining response following exposure to stressful
stimuli in animal models (e.g. cold swim) have shown 
a decrease in benzodiazepine receptor binding in the
frontal cortex, hippocampus, and hypothalamus, which
are areas related to fear and anxiety (Drugan et al. 1989).
Models using γ2 knockout mice have shown a reduc-
tion in GABAA receptor clustering in the hippocampus
and cerebral cortex, along with behavioral inhibition
to aversive stimuli and increased responsiveness in
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anxiety and “anger” responses in patients with GAD
than in normals. Examining the role of 5-HT2 recep-
tors, da Roza Davis et al. (1992) evaluated the effects
of ritanserin treatment on slow wave sleep in a small
number of GAD patients and normals, and found no
differences between the two groups. Thus, given the
available data, the question of whether overactivity 
or underact-ivity of the 5-HT system is the mechanism
for GAD development still remains unclear (Jetty et al.
2001; Nutt 2001).

In recent years additional neurotransmitter systems
have been examined as potentially involved in the
pathogenesis of GAD. The cholecystokinin (CCK) sys-
tem is one of the neuropeptides implicated in anxiety
in animal models (Woodruff & Hughes 1991; Harro
et al. 1993; Lydiard 1994). The CCK system has also
been implicated in humans (Bradwejn & Koszycki
1992; Adams et al. 1995; Brawman-Mintzer et al.
1997; Goddard et al. 1999; Kennedy et al. 1999).
Corticotropin-releasing factor (CRF) has been shown
to contribute to behavioral responses to stress (Koob
1999). Administration on CRF to various parts of ani-
mal brains has elicited anxiety and fear responses (e.g.
suppression of exploratory behavior, shock-induced
freezing; Butler et al. 1990; Koob & Gold 1997; Griebel
1999). Koob (1999) proposed a model in which
episodic or chronic stress results in increased CRF and
norepinephrine (noradrenaline) interactions, resulting
in an increase in overall CRF release. Evidence also
suggests that neuropeptide Y (Widerlov et al. 1988;
Boulenger et al. 1996; Stein et al. 1996; Britton et al.
1997) and tachykinins (Beresford et al. 1995) play a role
in anxiety. Research has also suggested that glutamate
may play a role in anxiety in both animal models 
and human studies (Trullas et al. 1989; Miserendino 
et al. 1990; Moghaddam et al. 1994).

Unfortunately, there have been few functional imag-
ing studies in GAD. Data from two clinical imaging
studies suggest the involvement of the occipital cortex
in GAD (Buchsbaum et al. 1987; Wu et al. 1991). Wu
et al. (1991) also found higher relative metabolic rates
for GAD patients in parts of the occipital, temporal,
frontal lobe, and cerebellum relative to normal controls,
and a decrease in basal ganglia metabolism. The authors
did not find right–left hippocampal asymmetry in
GAD patients. After benzodiazepine treatment in these
same patients, there was a reduction in glucose meta-
bolism in the cortex, limbic system, and basal ganglia
compared to controls. Using magnetic resonance imag-

ing (MRI) and single photon emission computerized
tomography (SPECT), Tiihonen et al. (1997) found
that those with GAD had decreased benzodiazepine 
receptor binding in the left temporal pole. In the most
recent study using functional MRI in GAD patients,
Lorberbaum et al. (2001, 21st National Conference of
Anxiety Disorders Association of America, Atlanta)
found greater activity in the right cingulate, right
medial prefrontal and orbitofrontal cortex, right tem-
poral poles, and right dorsomedial thalamus, during
periods of anticipatory anxiety, compared with rest
periods, than matched control subjects. Further, only
matched control subjects displayed increased activity
in the medial prefronatal cortex. Overall, more data is
needed to determine the central circuits of pathogene-
sis of GAD in humans.

Conclusions

In summary, despite the considerable heterogeneity 
of the diagnostic criteria among the various surveys,
available data indicate that GAD is one of the most
common of the anxiety disorders. Further, epidemio-
logical surveys of community and clinical population
indicate that GAD is a chronic illness, which can lead
to significant morbidity. Additional work in the area
of pathogenesis of GAD is needed.

Individuals suffering from GAD often experience
significant distress and impairment. Additionally, those
with GAD frequently seek treatment for their symptoms,
whether in a mental health setting or a primary care
setting. Thus, in view of the prevalence of GAD, the
significant impact of the disorder, and the help-seeking
behavior in primary care settings, greater attention
should be devoted to educating both primary care and
mental health professionals about GAD. It appears
that education and specific psychiatric training for
general practitioners is needed if they are to provide
appropriately improved care for this patient population.
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Post-traumatic Stress Disorder
S.A.M. Rauch & E.B. Foa

In the DSM-IV, the definition emphasizes the charac-
teristics of the event and the person’s response to the
event. Specifically, DSM-IV requires: (i) “the person
experienced, witnessed or was confronted with an event
or events that involved actual or threatened death or
serious injury, or a threat to the physical integrity of
self or others,” and (ii) “the person’s response involved
intense fear, helplessness, or horror” (APA 1994, 
pp. 427–8). The abandoning of the normative definition
was prompted by the realization that traumatic events
are not rare but rather are experienced by a large per-
centage of the general population during their lifetimes
(e.g. Kessler et al. 1995).

The inclusion of the subjective aspect of the trauma
(e.g. feelings of fear, helpless or horror) has been sup-
ported by March’s (1993) review of the literature and
was corroborated by later research suggesting that the
interpretation of the event impacts the probability of
development of PTSD (Blanchard et al. 1995; Solomon
& Davidson 1997; Bernat et al. 1998; Ehlers et al.
1998).

In a prospective study, following crime survivors
from 1 month to 6 months postcrime, Brewin et al.
(2000) examined whether experiencing intense emo-
tions at the time of the trauma predicted the presence
of DSM-III-R criteria of PTSD at 6 months postcrime.
Consistent with the DSM-IV criterion (i), participants
who reported having intense experiences of horror,
helplessness, and fear during the crime were more
likely to have PTSD 6 months later than participants
who did not report these experiences. Further, all 
participants who developed PTSD in the absence 
of horror, helplessness, or fear reported intense anger
or shame during the trauma.

Introduction and diagnosis

Post-traumatic stress disorder (PTSD) is an anxiety
disorder precipitated by exposure to an event which
involves actual or threatened death or serious injury,
or threat to the personal integrity of self or others that
causes intense fear, helplessness, or horror. Typical post-
trauma symptoms are re-experiencing some aspects of
the trauma, avoidance of trauma-related stimuli, numb-
ing, and increased arousal. The Diagnostic Statistical
Manual, fourth edition (DSM-IV: American Psychiatric
Association [APA] 1994) criteria for PTSD are pre-
sented in Table 5.1. PTSD can be acute (1–3 months
duration of symptoms), chronic (more than 3 months
in duration), or delayed (symptoms appear at least 6
months after the trauma). The diagnosis requires that
the onset of the symptoms of re-experiencing, avoid-
ance, numbing, and arousal be related to exposure to
the traumatic event.

A related diagnosis, acute stress disorder (ASD), is
given to traumatized individuals who exhibit symp-
toms of dissociation and numbing, re-experiencing,
avoidance, and arousal within 1 month of exposure to
a traumatic event. The DSM-IV criteria for ASD are
presented in Table 5.2. Thus, if an individual is highly
symptomatic within the first 4 weeks after the trauma,
the diagnosis of ASD should be considered. If the symp-
toms persist, a PTSD diagnosis may be appropriate.

What is a traumatic event?

Previous versions of the DSM defined a traumatic
event according to its prevalence in the population (i.e.
an event outside the range of normal human experience).
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Table 5.1 DSM-IV diagnostic criteria for PTSD. (From APA 1994, pp. 427–9, with permission. Copyright 1994 American
Psychiatric Association.)

A. The person has been exposed to a traumatic event in which both of the following were present:
1 The person experienced, witnessed, or was confronted with an event or events that involved actual or threatened death or
serious injury, or a threat to the physical integrity of self or others
2 The person’s response involved intense fear, helplessness, or horror. Note: in children, this may be expressed instead by
disorganized or agitated behavior

B. The traumatic event is persistently re-experienced in one (or more) of the following ways:
1 Recurrent and intrusive distressing recollections of the event, including images, thoughts, or perceptions. Note: In young
children, repetitive play may occur in which themes or aspects of the trauma are expressed
2 Recurrent distressing dreams of the event. Note: In children, there may be frightening dreams without recognizable content
3 Acting or feeling as if the traumatic event were recurring (includes a sense of reliving the experience, illusions,
hallucinations, and dissociative flashback episodes, including those that occur on awakening or when intoxicated). Note: In
young children, trauma-specific re-enactment may occur
4 Intense psychological distress at exposure to internal or external cues that symbolize or resemble an aspect of the traumatic
event
5 Physiological reactivity on exposure to internal or external cues that symbolize or resemble an aspect of the traumatic event

C. Persistent avoidance of stimuli associated with the trauma and numbing of general responsiveness (not present before the
trauma), as indicated by three (or more) of the following:

1 Efforts to avoid thoughts, feelings, or conversations associated with the trauma
2 Efforts to avoid activities, places, individuals that arouse recollections of the trauma
3 Inability to recall an important aspect of the trauma
4 Markedly diminished interest or participation in significant activities
5 Feeling of detachment or estrangement from others
6 Restricted range of affect (e.g. unable to have loving feelings)
7 Sense of foreshortened future (e.g. does not expect to have a career, marriage, children, or a normal life span)

D. Persistent symptoms of increased arousal (not present before the trauma), as indicated by two (or more) of the following:
1 Difficulty falling or staying asleep
2 Irritability or outbursts of anger
3 Difficulty concentrating
4 Hypervigilance
5 Exaggerated startle response

E. Duration of the disturbance (symptoms in criteria B, C, and D) is more than 1 month

F. The disturbance causes clinically significant distress or impairment in social, occupational, or other important areas of
functioning

Specify if:
Acute: if duration of symptoms is less than 3 months
Chronic: if duration of symptoms 3 months or more

Specify if:
With delayed onset: if onset of symptoms is at least 6 months after stressor
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Nonstandardized assessment
Self-monitoring of target difficulties or symptoms is a
common and often useful form of nonstandardized
assessment. With this technique, the client keeps a
record of the occurrence of target behaviors (e.g. 
nightmares, angry outbursts, etc.). Such recording often
includes the date and time of the occurrence, the situa-
tion during which the symptom is apparent, thoughts
at the time of the symptom, and the client’s emotional
reactions during the occurrence of the symptom. These
reactions are often measured using the Subjective 
Units of Distress scale (SUDs) where 100 indicates the
maximum distress possible and 0 indicates no distress.

Assessment

As with most psychiatric disturbances, assessment is a
critical part of the diagnosis and treatment of PTSD.
As noted by Foa and Rothbaum (1998), assessment
serves several goals: it helps establish the diagnosis of
PTSD and related psychopathology and assists in
determining which diagnosis is primary; it provides a
baseline for symptom severity in order to evaluate
progress or deterioration associated with treatment; it
enables the clinician to evaluate the response to treat-
ment; it offers an opportunity for validation, normal-
ization, and education about PTSD.

Table 5.2 DSM-IV Diagnostic Criteria for ASD. (From APA 1994, pp. 427–9, with permission. Copyright 1994 American
Psychiatric Association.)

A. The person has been exposed to a traumatic event in which both of the following were present:
1 The person experienced, witnessed, or was confronted with an event or events that involved actual or threatened death or
serious injury, or a threat to the physical integrity of self or others
2 The person’s response involved intense fear, helplessness, or horror. Note: In children, this may be expressed instead by
disorganized or agitated behavior

B. Either while experiencing or after experiencing the distressing event, the individual has three (or more) of the following
dissociative symptoms:

1 A subjective sense of numbing, detachment, or absence of emotional responsiveness
2 A reduction in awareness of his or her surroundings (e.g. “being in a daze”)
3 Derealization
4 Depersonalization
5 Dissociative amnesia (i.e. inability to recall an important aspect of the trauma)

C. The traumatic event is persistently re-experienced in at least one of the following ways:
Recurrent images, thoughts, dreams, illusions, flashback episodes, or a sense of reliving the experience: or distress on exposure
to reminders of the traumatic event

D. Marked avoidance of stimuli that arouse recollections of the trauma (e.g. thoughts, feelings, conversations, activities, places,
and individuals)

E. Marked symptoms of anxiety or increased arousal (e.g. difficulty sleeping, irritability, poor concentration, hypervigilance,
exaggerated startle response, motor restlessness)

F. The disturbance causes clinically significant distress or impairment in social occupational, or other important areas of
functioning or impairs the individual’s ability to pursue some necessary task, such as obtaining necessary assistance or
mobilizing personal resources by telling family members about the traumatic experience

G. The disturbance lasts for a minimum of 2 days and a maximum of 4 weeks and occurs within 4 weeks of the traumatic event

H. The disturbance is not due to the direct psychological effects of a substance (e.g. a drug of abuse, a medication) or a general
medical condition, is not better accounted for by brief psychotic disorder, and is not merely an exacerbation of a pre-existing
Axis I or Axis II disorder



The CAPS contains three subscales which coincide with
the three symptom clusters of the DSM: re-experiencing,
avoidance and numbing, and arousal. With combat
veterans, the CAPS has yielded excellent inter-rater
reliability for all three subscales (r = 0.92–0.99). It
also has good concurrent validity as indicated by 
its high correlations with other measures of PTSD
symptoms: Keane PTSD subscale (PK) of the Min-
nesota Multiphasic Personality Inventory (MMPI) 
(r = 0.77: Keane et al. 1984) and Mississippi Scale for
Combat-related PTSD (r = 0.91: Keane et al. 1988).
The CAPS has been found to be sensitive to treatment
outcome (van der Kolk et al. 1994). Studies on psycho-
metric properties of the CAPS with trauma popula-
tions other than combat veterans are scarce. While a
psychometrically sound instrument, the CAPS has been
criticized for the length of administration (between 40
and 60 min: Newman et al. 1996; Foa & Tolin 2000).

The PTSD Symptom Scale-Interview The PTSD
Symptom Scale-Interview (PSS-I; Foa et al. 1993) is a
7-item scale that assesses the presence of DSM-IV
PTSD diagnosis and the severity of the PTSD symp-
toms. Each item is rated on a scale of 0 (“not at all”) 
to 3 (“very much”). Symptoms are clustered into the
DSM-IV symptom clusters of re-experiencing, avoid-
ance, numbing, and arousal. This interview has ex-
cellent test–retest reliability over 1 month (r = 0.80).
Inter-rater reliability was excellent with a κ of 0.91 for
PTSD diagnosis. Foa et al. (1993) demonstrated that the
PSS-I has good concurrent validity as determined by
high correlation with other measures of PTSD symp-
toms: Impact of Event Scale (IES)-Intrusion (r = 0.69:
Horowitz et al. 1979) and IES-Avoidance (r = 0.56:
Horowitz et al. 1979). The PSS-I also correlates highly
with other measures of psychological distress: Beck
Depression Inventory (BDI; r = 0.72: Beck et al. 1961)
and State-Trait Anxiety Inventory-State (STAI-S; 
r = 0.48: Spielberger et al. 1970). Finally, the PSS-I has
been found to be sensitive to treatment outcome (Foa
et al. 1999). The interview takes approximately 20 min
to administer. In a psychometric study comparing the
CAPS and the PSS-I, Foa and Tolin (2000) found that
the PSS-I and CAPS performed equally well with regard
to diagnosis and psychometrics properties, with the
PSS-I taking an average of 22 min and the CAPS 32 min.

The Structured Clinical Interview for DSM-IV The
Structured Clinical Interview for DSM-IV (SCID-IV;

The information obtained by self-monitoring (e.g.
symptoms, triggers, avoidance, dysfunctional thoughts,
and reaction patterns) can be used in the description
and treatment of PTSD. For a more detailed account of
self-monitoring along with examples of self-monitoring
forms see Foa and Rothbaum (1998). Despite the 
rich information obtained from self-monitoring, it is
underutilized because it requires a lot of effort during
both recording and reviewing.

A second more commonly used nonstandardized
assessment technique is the clinical interview. Such
interviews usually include a general psychosocial assess-
ment including history of the psychosocial problems,
previous treatment and outcome, familial difficulties,
educational and employment functioning, etc. (see
Cormier & Cormier 1991 for discussion). Following
such a general assessment, specific information related
to the client’s history of traumatic experiences and 
current difficulties should follow. This includes details
about the precipitating trauma, such as what type of
trauma, when it happened, who was involved, dura-
tion, etc. This inquiry also includes previous traumatic
experiences and how they impacted on the patient. Foa
and Rothbaum (1998) offer an example of such an
interview format with survivors of sexual assault. This
format addresses the main areas of concern of many
trauma survivors and can be altered to address other
specific traumatic events. While nonstandardized clin-
ical interviews offer flexibility to the clinician, import-
ant information may be missed and the assessment
may take longer than standardized techniques. These
drawbacks may be especially pertinent with clinicians
inexperienced with PTSD.

Standardized assessment
Standardized assessments offer several advantages over
nonstandardized measures including efficiency, validity,
and reliability in measurement of symptom severity and
change. Standardized measures include both clinician
interview and self-report instruments. Several such mea-
sures have been developed for PTSD diagnosis and sever-
ity. Only the most commonly used will be reviewed here.

Clinician interview The 30-item Clinician-administered
PTSD Scale (CAPS; Blake et al. 1990) assesses frequency
and intensity of individual PTSD symptoms as well as
associated features. In addition to the 17 DSM-IV symp-
toms of PTSD, the CAPS assesses guilt, depression, and
functional impairment in job and social performance.
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First et al. 1997) assesses lifetime and current diagnosis
of various DSM-IV diagnoses (e.g. depression, mania,
PTSD, etc.). The PTSD module is often used to ascer-
tain the presence of PTSD. Inter-rater reliability of a
previous version of this measure (Structured Clinical
Interview for DSM-III-R [SCID]) based upon DSM-
III-R (APA 1987) was moderate (κ = 0.68; diagnostic
agreement 78%: Keane et al. 1998). However, the
complete SCID-IV requires 1–2 hours to complete and
an administrator with appropriate clinical background
and training.

The Anxiety Disorders Interview Schedule-IV The
Anxiety Disorders Interview Schedule-IV (ADIS-IV;
DiNardo et al. 1994) is a semistructured clinical inter-
view which focuses on anxiety and affective disorders.
The ADIS-IV provides assessment of lifetime and 
current disorders and onset, duration, and severity 
of symptoms. Inter-rater reliability as assessed by κ
(κ = 0.59) and lifetime diagnosis of PTSD (α = 0.61)
are moderate. The ADIS-IV takes about 2 hours to
complete and requires a general knowledge of diag-
nostic categories and experience with the measure.

Self-report measures The PTSD Diagnostic Scale
(PDS; Foa et al. 1997) is a 49-item, self-report measure
that assesses presence and severity of the DSM-IV 17
PTSD symptoms as well as trauma history, reactions
to the most salient trauma, and general functioning.
The PDS has three subscales: re-experiencing, avoid-
ance and numbing, and arousal. It has demonstrated
excellent test–retest reliability (r = 0.83) and internal
consistency (α = 0.92) with mixed trauma popu-
lations. The diagnosis derived from the PDS corres-
ponds highly with that derived by the SCID with 
excellent sensitivity (0.89) and specificity (0.75). The
PDS demonstrated very good concurrent validity as
reflected in high correlation with other measures of
PTSD symptoms, depression, and anxiety (Foa et al.
1997). The excellent psychometric properties of the
PDS, the ease of administration (about 10 min), and
the complete mapping on DSM-IV criteria for PTSD
render the scale a useful tool for diagnostic screening
and assessment of PTSD severity in clinical and
research settings.

The Impact of Event Scale The Impact of Event Scale
is a 15-item scale developed by Horowitz et al. (1979)
to assess intrusion and avoidance symptoms. More

recently it was revised by Weiss and Marmar (IES-R;
1997) to include seven additional items that assess
hyperarousal and the event criterion. Thus, the IES-R
consists of 22 items assessing intrusion, avoidance,
and hyperarousal. Internal consistency of the items 
of the IES-R is good: intrusion, α = 0.87; avoidance, 
α = 0.85; and hyperarousal, α = 0.79. Test–retest 
reliability was less satisfactory: intrusion, r = 0.57;
avoidance, r = 0.51; and hyperarousal, r = 0.59. The
scale requires about 15 min to complete.

The Mississippi Scale The Mississippi Scale (Keane 
et al. 1988) includes 35-items designed to measure
PTSD in combat veterans. The items were selected from
a pool of 200 items generated by experts to closely
resemble DSM-III (APA 1980) criteria for PTSD. The
scale has excellent test–retest reliability over a 1 week
interval (r = 0.97) and excellent internal consistency
(α = 0.94). The scale also has excellent diagnostic 
sensitivity (0.93) and specificity (0.89) with a cut-off
score of 107 (Keane et al. 1988; McFall et al. 1990).
The measure takes roughly 15 min to complete. The
disadvantage of this measure is a lack of mapping with
DSM-IV diagnosis.

Clinical features

As is apparent in Table 5.1, the DSM-IV divides the 17
symptoms of PTSD into three clusters: re-experiencing
of the trauma (e.g. intrusive thoughts, nightmares,
flashbacks, and emotional or physiological reactiv-
ity with reminders), avoidance/numbing of trauma
reminders (e.g. avoidance of thoughts, feeling, con-
versations, activities, individuals or places that are
reminders, inability to recall portions of the trauma,
decreased interest in pleasurable activities, detachment
or estrangement from others, restricted affect, and
foreshortened future) and arousal (e.g. sleep problems,
irritability and anger, difficulty concentrating, hyper-
vigilance, and exaggerated startle).

Studies examining the validity of the three symptom
clusters yielded mixed results. Using a factor analytical
method in a sample of sexual and nonsexual assault
survivors 3 months postassault, Foa et al. (1995) found
a three-factor solution. However, the breakdown of
symptoms was somewhat different from that of the
DSM-IV. The first factor included primarily arousal
and avoidance symptoms. The second factor included
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Differential diagnosis

Several other psychiatric disorders may resemble PTSD.
For instance, if a person experiences symptoms of
PTSD in response to a stressor that does not qualify 
as a traumatic event, as previously defined, the diag-
nosis of adjustment disorder would be warranted. 
This diagnosis can also be appropriate when a person
has symptoms following a qualifying traumatic event
but does not meet full PTSD diagnostic criteria.

Embedded in the diagnosis of PTSD is the notion
that avoidance and fear associated with the trauma
generalize to many areas of life. If the avoidance and
fear is limited to a specific aspect of the trauma or to a
specific object or situation, a diagnosis of specific pho-
bia may be more appropriate. For example, if a person
who survived drowning simply avoids swimming and
is unaffected in other areas of life, specific phobia would
be the appropriate diagnosis. If, however, the person
avoids swimming, cannot be near a lake, or drive near
water, cannot sleep, alternates between numbing and
high arousal, and is constantly irritable, a diagnosis of
PTSD should be considered.

Distinguishing panic disorder from PTSD can be 
a difficult task. Both diagnoses involve a significant
amount of avoidance in response to feared stimuli.
Also, PTSD patients may experience panic attacks in
response to reminders of the trauma. However, one
distinguishing characteristic which appears to separate
panic disorder from PTSD involves the cognitions
associated with the avoidance. The panic disordered
individual typically avoids situations in order to pre-
vent the occurrence of a panic attack and the feared
consequences of these attacks (e.g. dying of a heart
attack). In PTSD the person avoids trauma-related 
situations in order to prevent the distress associated
with the traumatic memory. Further, the diagnosis of
panic disorder requires the presence of uncued panic
attacks which appear to “come out of the blue.” In
patients with PTSD, the panic attacks are likely to be
triggered by specific cues (i.e. by trauma reminders).
Finally, the possibility of comorbidity between panic
disorder and PTSD should not be discounted.

While there is significant overlap between the 
symptoms of a major depressive episode (MDE) and
numbing symptoms of PTSD, the re-experiencing and
avoidance symptoms of PTSD can be an effective way
to distinguish these diagnoses. If the patient reports
nightmares, repeated thoughts or flashbacks of a 

primarily numbing symptoms along with irritability
and anger (which can be conceptualized as avoidance
of fear and anxiety). The third factor was composed 
of intrusive symptoms along with difficulty sleeping.
Thus, this study tends to support a separation of 
the numbing and avoidance symptoms which are 
combined into one cluster in the DSM-IV. Further,
severe avoidance and arousal symptoms independ-
ently increased the likelihood of numbing symptoms.
Consistent with the above results, Litz et al. (1997)
and Flack et al. (2000) found that emotional numbing
was more robustly predicted by arousal cluster symp-
toms than avoidance symptoms.

Comorbidity

PTSD often co-occurs with other psychosocial dif-
ficulties. In an adult sample of individuals diagnosed
with PTSD, 62% met criteria for another diagnosis
(Davidson et al. 1991). The most common comorbid
diagnosis was generalized anxiety disorder (53%) 
followed by simple phobia (50%). In the Epidemio-
logical Catchment Area Study (Helzer et al. 1987)
individuals with PTSD were twice as likely to have
another disorder than individuals without PTSD, with
the greatest increase in risk for obsessive-compulsive
disorder, dysthymia, and bipolar disorder. The two
most prevalent comorbid diagnoses in a sample of young
adults with PTSD were major depressive disorder
(MDD) (37%) and alcohol abuse/dependence (31%;
Breslau et al. 1991). Similar results were obtained in
the National Comorbidity Survey where alcohol abuse
or dependence, major depressive episode, and simple
phobia were the most common comorbid diagnoses
(Kessler et al. 1995). These studies did not provide
information about which diagnosis occurred first.
Therefore, comorbid psychiatric disorders may have
either preceded or succeeded PTSD. To address this
problem, Kessler et al. (1995) provided estimates of
the percentage of cases in which PTSD began at an 
earlier or later age than the comorbid disorders. These
estimates suggest that while PTSD often precedes other
comorbid diagnoses, it usually succeeds at least one
diagnosis (Kessler et al. 1995). Closer examination of
which disorder preceded the others is necessary to
determine: (i) whether individuals with PTSD are more
vulnerable to developing other problems or vice versa,
and (ii) which disorders are more likely to precede
PTSD and which are more likely to succeed PTSD.
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traumatic event, PTSD should be considered. Also, if
the patient is reporting significant avoidance related to
the traumatic experience rather than avoidance of
activities due to fatigue and disinterest, PTSD should
be considered. Comorbid diagnosis of MDD and PTSD
should also be considered (see previous comorbidity
discussion).

Epidemiology

How common are traumatic events?

The prevalence of trauma varies greatly across commun-
ity studies suggesting that between 39% and 90% of
individuals have had at least one traumatic experience in
their lifetime (e.g. Breslau et al. 1991; BresNorris 1992;
Resnick et al. 1993; Kessler et al. 1995; Solomon &
Davidson 1997; Lau et al. 1998). The large differences
across studies are often attributed to differences in 
the screening methods and instruments used. Among 
a sample from a health maintenance organization
(HMO), who were of moderate socioeconomic status
(SES) and relatively young (Breslau et al. 1991) life-
time prevalence of trauma exposure was about 39%.
This rate may underestimate the pre-valence of trauma
in the general population of the US because of the
insensitivity of the Diagnostic Interview Schedule
(DIS; Robins et al. 1981) version to several trauma
types (e.g. rape; Solomon & Davidson 1997). Further,
the DIS recorded only three traumatic events, which
may also result in underestimation of trauma rates.

A higher prevalence of trauma exposure was reported
by Norris (1992) who used a more sensitive screening
instrument to examine the rates of 10 traumatic events
involving violent encounters with natural or technical
disasters or human violence in a large urban sample
from the South-Eastern US. Sixty-nine percent reported
experiencing at least one traumatic event in their life-
time. Similar rates were reported by Resnick et al.
(1993) in a representative sample of women in the US.
Again, 69% of women reported exposure to a trau-
matic event during their lifetime. These higher preva-
lence rates may be due to both studies using a trauma
screen that included multiple behaviorally specific
questions in order to increase detection of traumatic
experiences.

A considerably higher rate of trauma exposure,
89.6%, was reported more recently, in a representative
sample of adults in the Detroit, Michigan area (Breslau

et al. 1998). The authors suggested that both the
recording of all traumatic experiences and the inclu-
sion of the new category of sudden unexpected death
of a loved one may account for the higher preva-
lence, since 60% of the sample reported unexpected
death of a loved one.

In the Breslau et al. (1991) study, the most common
traumatic events were sudden injury or serious acci-
dent (9.4%), physical assault (8.3%), seeing someone
seriously injured or killed (7.1%), and news of the sud-
den death or injury of a relative or close friend (5.7%).
Only 2% of this sample reported having been raped.
Using the more sensitive assessment procedure described
earlier, Norris (1992) found that the most frequent
lifetime event was tragic death of a loved one (30%),
an event not included in the previous study. As noted
above, the high prevalence of this traumatic event,
60%, was also noted by Breslau et al. (1998). Seven
percent of women and 1% of men in Norris’s sample
reported having been raped, and 15% of the sample
reported having been physically assaulted. Within a
sample of women, Resnick et al. (1993) found a higher
prevalence of rape and sexual assault (12.7% rape;
14.3% other sexual assault), but lower prevalence of
physical assault (10.3%). These higher overall rates
may be attributed to the sensitive screening procedure
with multiple behaviorally specific anchors and the
consistent finding that reported rape rates are higher in
samples of women than men (e.g. Kessler et al. 1995;
Breslau et al. 1998).

When considering gender differences in trauma ex-
posure, two questions must be addressed: Are observed
differences in rates between genders clinically sign-
ificant? and, what gender-related factors contribute to
the observed differences? In the Breslau et al. (1991)
study, men reported more overall traumatic events than
women (43% vs. 37%, respectively). Later, in assessing
all traumas in a representative sample from Detroit,
Breslau et al. (1999) found that 92% of men and 88%
of women reported exposure to traumatic events.
Although the two studies differed in the overall rates of
trauma exposure (due to methodological differences
discussed above), gender differences were quite small.
Among young adults, no gender differences were found
(Breslau et al. 1997). Somewhat larger gender differ-
ences were reported by Norris (1992): 74% for men and
65% for women. Importantly, Norris reported that
sexual assault was significantly higher for women
(7.3%) than men (1.3%) while men were more likely
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postassault, and 47% at 12 weeks postassault. As in
the previous study, women who did not have PTSD at
12 weeks showed steady decreases in symptoms over the
12 weeks while those who did have PTSD at 12 weeks
showed no decrease in symptoms after 4 weeks.

When examining prevalence of PTSD, two condi-
tional probabilities are important: the probability of
PTSD in the general population and the probability 
of PTSD within specific trauma populations. General
population prevalence estimates range from 1% to
9%. The differences in estimates can be attributed to:
(i) the sensitivity of the assessment techniques to detect
traumatic events and PTSD symptoms (e.g. Solomon
& Davidson 1997), and (ii) the traumatic event under
study (e.g. Rothbaum et al. 1992; Foa & Riggs 1995;
Kessler 1995).

Helzer et al. (1987) found a PTSD prevalence rate 
of 1% in an adult sample using the DIS which is based
on the DSM-III criteria. Utilizing the same version of
the DIS with a North Carolina community sample,
Davidson et al. (1991) found a similar lifetime preva-
lence of 1.3%. As noted by Solomon and Davidson
(1997), the insensitivity of the DIS may have resulted
in a underestimation of PTSD prevalence. Using the
DSM-III-R criteria and a more sensitive assessment
procedure (previously described), Breslau et al. (1991)
found a 9.2% lifetime prevalence of PTSD in their HMO
sample. Also using more sensitive trauma assessment,
Norris (1992) reported a rate of 5.1% and Kessler et al.
(1995) reported a rate of 7.8%. A somewhat higher
rate was reported for a national sample of women
(12.3%: Resnick et al. 1993).

Among individuals who had traumatic events and
were assessed with an insensitive trauma screen, higher
rates of PTSD were found (24%: Breslau et al. 1991).
However, with the more sensitive assessment, Norris
(1992) found that only 7% of individuals with a posi-
tive trauma history currently met criteria for PTSD.
Correspondingly, Breslau et al. (1998) reported that
9.2% of individuals with a positive trauma history
currently had PTSD*.

to have been in a motor vehicle accident (MVA) (27.9%
and 20.1%, respectively) or physically assaulted (18.7%
and 11.7%, respectively) than women. Similarly,
Breslau et al. (1998) found that although women were
less exposed to assaultive violence (a composite of
specific traumas involving personal attack) than men
(32.4% and 43.3%, respectively), they had higher levels
of exposure to rape (9.4% and 1.1%, respectively) and
other sexual assault (9.4% and 2.8%, respectively).

In summary, differences in prevalence estimates vary
with the assessment utilized (cf. Solomon & Davidson
1997). When behaviorally specific questions are used
to assess for traumatic events, especially for sexual
assault and rape, prevalence estimates are typically
higher and probably more accurate. Irrespective of the
method of data collection, several patterns emerged
from all studies: (a) rates of trauma exposure are high
enough to suggest that traumatic events and their
impact on the survivor represent an important societal
issue worthy of closer examination; (b) adult men are
more likely to be exposed to traumatic experiences
than adult women; and (c) the rates of different trauma
vary across genders with men more likely to be
exposed to physical assault and traffic accidents and
women more likely to experience sexual assault.

How common is PTSD?

Prospective and retrospective studies suggest that the
majority of individuals naturally recover from trauma
(e.g. Rothbaum et al. 1992; Riggs et al. 1995; Brewin
et al. 1999). Riggs et al. (1995) followed survivors of
nonsexual assault for 12 weeks with weekly assess-
ments. Seventy-one percent of women and 50% of
men met symptom criteria for PTSD at the initial
assessment (an average of 19 days postassault). At 
4 weeks postassault, the rates decreased to 42% of
women and 32% of men with PTSD. At 12 weeks
postassault, 21% of women and none of the men met
criteria for PTSD. While this chronic group of women
did not show decline in symptoms over the 12 weeks,
there were no survivors who showed increased symp-
toms over time. While most survivors showed recovery
and did not meet criteria for PTSD at 12 weeks, many
still experienced some symptoms.

In a longitudinal study examining reactions of sexual
assault survivors, 94% met criteria for PTSD (except
for duration) at their initial assessment (Rothbaum 
et al. 1992). Sixty-five percent had PTSD at 4 weeks
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*Lower rates were reported by Helzer et al. (1987) who
found that 3.3% of men who reported combat as their most
distressing trauma developed PTSD and 1.7% of men who
reported their most distressing trauma as seeing someone
hurt or killed. Among women, who reported physical assault
as their most distressing trauma, 4.6% developed PTSD.
These low rates may be due to the relatively insensitivity of
the original DIS discussed earlier.
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up developed PTSD. Higher rates of PTSD among
women following rape (80%) were reported by Breslau
et al. (1991). However, these higher rates may have
been attributable to a lower sensitivity of the measure
used to assess for rape and sexual assault leading to
detecting only the most severe rapes and thus inflat-
ing the probability of PTSD in the reported rapes.
Notably, high rates of PTSD (60%) were also reported
by Rothbaum et al. (1992), in a prospective study of a
convenient sample that did not suffer from the above
methodological problems.

Breslau et al.’s (1998) rates of PTSD are similar to
those reported by Kessler (1995) in the National
Comorbidity Survey, where 65% of men and 46% of
women who reported rape as their most upsetting
trauma had a lifetime diagnosis of PTSD. Lower rates
were reported by men with combat as their most 
upsetting traumatic experience (39% develop PTSD:
Kessler et al. 1995). In the Kessler et al. sample, 3.7%
of men and 5.4% of women who reported natural dis-
aster as their most upsetting trauma developed PTSD;
these rates were similar to those reported by Breslau 
et al. (3.8%).

Despite the high conditional risk associated with
assaultive violence, studies suggest that other, less potent
but more common, traumatic experiences may actu-
ally account for more cases of PTSD. Thirty-one 
percent of participants diagnosed with PTSD in the
Breslau et al. (1998) sample reported the unexpected
death of a loved one as the precipitating event. Sixty
percent of the sample experienced such a trauma with
a moderate risk of PTSD development (14.3%: Breslau
et al. 1998). Other studies have also found that the
unexpected loss of a loved one accounts for a large 
percentage of cases of PTSD (e.g. 26.6% of women
with PTSD and 38.5% of men with PTSD: Breslau 
et al. 1999).

Trauma severity

Another predictor of PTSD is the severity of the trauma
exposure, as measured by the proximity to the traumatic
event and physical injury resulting from the event.
Traumatic events which were directly experienced
resulted in a longer average duration of PTSD symp-
toms than traumatic events which were indirectly
experienced, such as learning about the unexpected
loss or trauma of a loved one (48 months vs. 12 months:
Breslau et al. 1998). Similarly, Resnick et al. (1993)

Pathogenesis

Several studies have examined predictors of PTSD 
following a traumatic event (see Brewin et al. 2000 for
a meta-analytic review). On the basis of their meta-
analysis, Brewin et al. (2000) concluded that there
were three categories of predictors. First, factors that
predict PTSD in some but not in all populations; these
include gender, age at trauma, and race. Second, 
factors that predict PTSD in many populations but
show some variation across populations and methods;
these include education, previous trauma, and general
childhood adversity. Finally, factors that predict 
PTSD across studies and populations; these include
psychiatric history, reported childhood abuse, and
family psychiatric history. Brewin et al. (2000) further
concluded that while all of the effect sizes associated
with predictors of PTSD are modest, factors that 
operate during or after the trauma, such as trauma
severity, lack of social support, and additional life
stress, have somewhat larger effects than pretrauma
factors.

Trauma type

One potential predictor of PTSD is type of trauma.
Rates of PTSD have been found to reliably differ from
one type of trauma to another with some events, such
as rape, leading to extremely high rates of PTSD and
other events, such as natural disasters, leading to lower
rates of PTSD (e.g. Kilpatrick et al. 1989; Rothbaum 
et al. 1992; Foa & Riggs 1995). For example, in a
national sample of women, Resnick et al. (1993) 
found a higher prevalence rate among survivors of
crime than noncrime traumas. Among crime survivors
somewhat lower rates of PTSD were associated with
rape (32%) than physical assault (38.5%: Resnick 
et al. 1993).

Using a more precise methodology assessing all 
traumatic events, Breslau et al. (1998) examined the
conditional probability of developing PTSD following
19 specific types of traumatic events. The highest 
conditional risk of PTSD diagnosis was associated
with assaultive violence (including rape) after which
20.9% of survivors met PTSD diagnosis. Among the
assaultive events, the highest risk was associated 
with being captured, kidnapped, and tortured with
53.8% developing PTSD. Forty-nine percent of rape
survivors and 31.9% of those who were badly beaten



Davidson et al. 1991). Behavioral problems before the
age of 15 have also been found to be associated with
increased rates of PTSD (Helzer et al. 1987). Taken
together, these findings suggest that growing up in a
less advantaged home environment renders the person
vulnerable to develop PTSD. When such an environ-
ment is combined with early psychological difficulties,
the probability of developing PTSD is greater. The 
retrospective nature of these studies weakens the con-
clusions about the causal relationships between these
variables and later PTSD.

Other psychopathology

Another factor that was found to be associated 
with PTSD is the presence of other psychopatho-
logy. Accordingly, PTSD was associated with greater
psychiatric comorbidity and a history of attempted 
suicide in adult samples (Helzer et al. 1987; Davidson
et al. 1991). While these studies and others (e.g.
Breslau et al. 1991; Kessler et al. 1995) suggest that
PTSD is associated with general psychopathology, 
the retrospective design does not allow for causal
inferences.

History of traumatic events

Many individuals have experienced more than one
trauma (Kessler et al. 1995). The mean number of 
lifetime traumatic events among adults is 4.8 (Breslau
et al. 1998). A history of prior victimization has 
been found to increase the likelihood of developing
PTSD following an index trauma (e.g. Ellis et al.
1981; Resnick et al. 1993; Bernat et al. 1998). Also,
increased frequency of traumatic events was predict-
ive of greater PTSD severity among young adults
(Bernat et al. 1998). In a meta-analysis, Brewin et al.
(2000) found that child abuse history was a relatively
consistent predictor of PTSD across studies. In an
attempt to explain the relationship between early 
environmental factors, multiple traumatic events, and
PTSD, Bolstad and Zinbarg (1997) examined retro-
spectively in young, adult women factors related to
PTSD symptom severity following adult victimiza-
tion. Multiple experiences of childhood sexual abuse
was associated with a decreased perception of control 
and this, in turn, was associated with greater PTSD
symptom severity.
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found that direct threat to life or personal injury was a
predictor of PTSD in a national sample of women.
Epstein et al. (1998) also reported that health care
workers who directly worked with the most severe
burn victims following an air disaster were more likely
to develop PTSD at 6, 12 or 18 months post-trauma
than those not exposed to the most severe victims.
Two direct measures of severity of physical injury (i.e.
unconsciousness at the time of the accident and per-
sistent medical problems at 3 months post-accident)
were related to PTSD severity at 3 months post-trauma
in a sample of MVA survivors assessed in the emer-
gency room immediately following the accident and
again at 3 months postaccident (Ehlers et al. 1998).
Comparable results were found when medical per-
sonnel completed an objective measure of injury 
severity following MVA. Severity of injury as assessed
by medical personnel predicted PTSD symptom sever-
ity and diagnosis between 1 and 4 months post-trauma
(Blanchard et al. 1995). Also, perceived life threat
assessed immediately after the MVA predicted PTSD
symptoms at 1 and 4 months postMVA (Blanchard 
et al. 1995). Similar results were found in a sample 
of women who survived physical assault; individuals
who perceived their lives to be in danger during the
assault were more likely to develop persistent PTSD
(Riggs et al. 1995). Earlier studies also support the
conclusion that individuals who have experienced
more severe traumatic events have a higher risk of
developing PTSD (e.g. McFarlane 1988; Kilpatrick 
et al. 1989).

Developmental factors

Several personal vulnerability factors have also been
implicated in the development of PTSD. In their earlier
retrospective study, Breslau et al. (1991) found that
early separation from parents, neuroticism, pretrauma
anxiety or depression, and family history of anxiety,
all predicted PTSD development following trauma
exposure. Again using a retrospective design, Davidson
et al. (1991) found that individuals with PTSD had
more family history of psychiatric illness, more job
instability, parental poverty, child abuse, and lower
subjective social support. As another indication of
early environmental stress, the parents of individuals
with PTSD were more likely to have separated or
divorced in their childhood (prior to the age of 10:
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Coping

Coping following the trauma may also increase the
risk for PTSD. For example, diagnosis of ASD and
high levels of re-experiencing and arousal symptoms
within the 1st month after crime exposure, inde-
pendently contributed to the prediction of PTSD 
at 6 months postcrime (Brewin et al. 1999). One 
coping factor which was found to be related to 
PTSD severity is anger. High anger was predictive 
of more severe PTSD symptoms in a veteran popula-
tion with chronic PTSD (Frueh et al. 1997). However,
since this sample was composed of chronic PTSD
patients, the results do not provide information
regarding anger’s contribution to the development 
of PTSD. In two prospective studies of female assault
survivors, initial anger was related to PTSD (Riggs 
et al. 1992; Feeny et al. 2000). Using a more ex-
tended follow-up in a sample of MVA survivors,
Ehlers et al. (1998) found that individuals who report
anger immediately following MVA were more likely 
to be diagnosed with PTSD at 3 and 12-months
postaccident.

The effects of other coping strategies on PTSD have
also been examined. Wishful thinking was related 
to higher PTSD symptoms at 3 months postassault 
in female sexual and nonsexual assault survivors
(Valentiner et al. 1996). Shame has also been implic-
ated in the development of PTSD. For instance, after
controlling for shame and anger at others as assessed
1-month post-trauma, shame at 6 months post-trauma
predicted PTSD symptom severity at 6 months post-
trauma in violent crime survivors (Andrews et al.
2000).

Reactions of others

Along with the survivors’ reactions to the trauma,
reactions of significant others may also increase the
risk of PTSD. The degree of reported interpersonal
friction shortly after assault was predictive of PTSD
severity at 3 months postassault while degree of posit-
ive social support was not related to later PTSD 
severity (Zoellner et al. 1999). Indeed, individuals who
experienced more stressful life events (including inter-
personal strain) in the 6 months following caring for
survivors of an air disaster were more likely to develop
PTSD (Epstein et al. 1998).

Dissociation and numbing during or shortly 
after the trauma

Dissociation and numbing during and immediately
after the traumatic event has been implicated in the
development of chronic PTSD. In retrospective stud-
ies, dissociative symptoms during or immediately after
other types of traumatic events (i.e. natural disasters,
combat, and MVA) have been found to predict later
PTSD (Koopman et al. 1994; Marmar et al. 1994;
Tichenor et al. 1996; Ehlers et al. 1998). In a sample 
of health care workers who cared for victims of an air
disaster, those individuals who experienced emotional
numbness immediately following the disaster were
more likely to develop PTSD (Epstein et al. 1998). In a
prospective study, Gilboa-Schechtman & Foa 2001)
found that participants with delayed peak reactions as
measured by severity of PTSD symptoms, depression,
and trait anxiety exhibited more psychopathology 12
weeks post-trauma than those with early peaks. While
numbing and dissociation were not directly assessed 
in this study, the authors suggested that lower levels 
of expressed distress shortly after the trauma may be
indicative of low emotional engagement, or dissoci-
ation. In another prospective study, dissociation within
2 weeks of physical assault was predictive of PTSD
symptoms at 3 months postassault† (Dancu et al. 1996).

Severe negative emotional reactions during 
the trauma

Focusing more broadly on severe emotional reactions,
Bernat et al. (1998) found that in addition to dissoci-
ation, retrospective report of intense negative emotional
reactions and panic symptoms during the trauma were
associated with greater PTSD symptoms severity at 
the time of assessment. Notably, this effect remained
significant after controlling for vulnerability factors
(gender and number of traumas) and objective charac-
teristics of the trauma (personal injury, life threat, and
other killed or injured). Consistent results have been
found in MVA survivor populations. MVA survivors’
ratings of perceived fright and dissociation during the
accident predicted PTSD symptom severity at 3 and 12
months postaccident (Ehlers et al. 1998).

†This was not true for sexual assault survivors who generally
reported more dissociation (Dancu et al. 1996).



abduction experiences are a homogeneous category does
not consider the variation in treatment of the victim
during the abduction. Sexual assault, physical assault,
and other experiences that can occur during abduction
may result in higher conditional probabilities of PTSD
and may be unevenly distributed between genders.
Therefore, while differences in exposure to high risk
traumatic events between men and women contribute
to the overall gender difference in PTSD observed in
this study, it does not entirely explain the results.

Women were twice as likely as men to develop PTSD
following trauma exposure in a young adult sample
gathered at an HMO in Detroit, MI, (Breslau et al.
1997). The magnitude of this difference decreased
after controlling for history of pre-existing anxiety 
disorders or depression, but was still significant. When
the trauma occurred in childhood, the gender differ-
ence was larger than when the trauma occurred in 
adolescence or later. Interestingly, women reporting
first trauma exposure prior to age 15 were more likely
to report their first traumatic event as rape or ongoing
physical and sexual abuse than men victimized prior to
this age. Men victimized prior to age 15 were more
likely to report serious accident or injury. These results
suggest that differences between men and women in
the likelihood of traumatic events with a high risk of
PTSD contributed to the observed gender difference in
PTSD prevalence in this study. Again, this may not
entirely explain the observed gender differences.

An alternate explanation for the observed gender
differences in PTSD prevalence is suggested by the find-
ing that PTSD symptoms may persist longer in women
than men (48 vs. 12 months) in a representative adult
sample (Breslau et al. 1998). If women experience
symptoms longer than men, they would be more likely
to meet diagnostic criteria for PTSD at any given time
than men. Inconsistent with this hypothesis is the 
findings by Ehlers et al. (1998) that gender predicted
PTSD symptom severity at 3 months, but not at 12
months. For a more complete discussion of gender dif-
ferences in PTSD rates see Tolin and Foa (unpublished
manuscript 2002).

Social impact of PTSD

As noted earlier, PTSD often exists with other prob-
lems, including depression, substance abuse or 
dependence, poor physical health, and poor social or
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Gender

Gender has been related to PTSD as women are twice
as likely to develop the disorder than men (e.g. Kessler
et al. 1995; Breslau et al. 1997; Breslau et al. 1999).
However, researchers have suggested that observed
gender differences are at least partially due to higher
prevalence of traumas with high likelihood of PTSD
among women. Also, women are thought to have
greater likelihood of perception of life threat during
physical attack than men (Kessler et al. 1995; Solomon
& Davidson 1997; Tolin & Foa, unpublished manu-
script, 2002). Support for this hypothesis came from
Kessler et al. (1995) who reported higher lifetime pre-
valence rates of PTSD in women (10.4%) than in men
(5.0%). Among those exposed to trauma, more women
(20%) than men (8%) developed PTSD in this adult
sample. However, while men were more likely than
women to experience trauma, women were more likely
than men to experience a trauma associated with a high
probability of PTSD, such as rape (Kessler et al. 1995).

While some studies suggest that gender difference
remains even after the type of trauma is controlled,
these studies have often not separated rape from other
personal violence. For example, Breslau et al. (1999)
found that 13% of women and 6.2% of men who
reported trauma exposure developed PTSD and sug-
gested that the higher risk of PTSD for women was 
primarily due to differences in likelihood of develop-
ing PTSD following exposure to assaultive violence.
Among those exposed to assaultive violence, 36% of
women and only 6% of men developed PTSD. How-
ever, the gender difference revealed in this category 
is primarily due to the high conditional probability 
of developing PTSD after rape (49%), an experience
reported primarily by women. The higher rates of
PTSD after rape than after other assaultive violence
and the higher rates of rape among women may account
for some portion of the observed gender difference 
in PTSD rates. However, rape was not the only type 
of assaultive violence in which gender differences were
apparent. Women also had a higher conditional risk of
developing PTSD following being kidnapped, tortured,
or captured than men (78% vs. 0%). Due to the low
rates of reported exposure to being kidnapped, tortured,
or captured in the overall sample of women and men
(2.0% and 1.7%, respectively), the conditional prob-
abilities associated with the small number of exposed
cases can be imprecise. Also, the assumption that
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occupational functioning. For an extensive review 
of the social impact of PTSD see Kessler (2000). While
little research has focused specifically on the financial
costs of PTSD, in the year 1990, the direct and indirect
costs of anxiety disorders in general were estimated 
to be US$46.6 billion. This constitutes 32% of the
mental health costs for that year in the US and rep-
resents an increase of 38% over estimates from 1985
(Dupont et al. 1996). Direct costs include increased
doctor visits, emergency rooms visits, psychiatric hos-
pitalization, and outpatient psychotherapy. Indirect
costs include missed work, decreased productivity,
and job loss.

PTSD and physical health

While several studies have examined increased somatic
symptoms and medical utilization among victims of
different traumatic experiences, few studies examined
these factors in PTSD and nonPTSD populations. One
study examining sexual assault survivors (Waigandt 
et al. 1990) found that in the 2 years following an
assault, women survivors reported more negative health
perceptions, more physical symptoms, more negative
health behaviors (e.g. smoking, lack of exercise), more
doctor visits per year, and more reproductive physio-
logy illnesses than women who had not been assaulted.
Women survivors of criminal assault incurred 2.5 times
the outpatient costs of nonvictims in the 2 years fol-
lowing the crime, including making twice as many
doctor visits. This rate of utilization significantly in-
creased relative to the 2 years prior to the crime. Also,
the degree of violence of the crime predicted more 
doctor visits (Koss et al. 1991). Increased somatic
complaints, poorer health perceptions, and increased
medical utilization have been reported up to 1 year 
following victimization in sexual assault victims versus
nonvictims (Kimerling & Calhoun 1994). Accordingly,
the medical costs of victimization appear to be extremely
high.

Studies that focus on PTSD compared to nonPTSD
populations, found the expected increased use of med-
ical services when the traumatic experience involved
physical injury. However, several studies have found
that PTSD was associated with increased use of med-
ical services irrespective of injury (for a full review see
Jaycox & Foa 1999). The majority of the available
studies comparing people with and without PTSD
have been conducted in veteran populations. Veterans

with PTSD had increased incidence of hypertension,
bronchial asthma, and peptic ulcers (Davidson et al.
1991) and used more inpatient medical services fol-
lowing discharge (Kulka et al. 1990) than veterans
without PTSD. Veterans with PTSD also had more
unfavorable lipid profiles compared to veterans with-
out PTSD (Kagan et al. 1999). Following a review 
of research examining the medical impact of PTSD,
Friedman and Schnurr (1995) concluded on the basis
of available studies, that PTSD is associated with
higher rates of cardiovascular morbidity.

In a sample of female veterans, PTSD was associated
with an increased likelihood of cardiovascular, gastro-
intestinal, gynecological, dermatological, opthalmolo-
gical, and pain problems even after controlling for 
war-zone exposure (Wolfe et al. 1994). In a follow-up
study, PTSD symptoms in women veterans predicted
both physical symptoms and reported health percep-
tions (Kimerling et al. 2000). Also, the hyperarousal
cluster predicted health complaints beyond the other
two symptom clusters. To address the hypothesis that
the health problems preceded PTSD, a prospective
design was used in a sample of male and female Gulf
War veterans. PTSD symptoms assessed immediately
upon returning from the war predicted self-reported
health problems 18–24 months later (Wagner et al.
2000). In a study comparing individuals with and
without PTSD in nonveteran, female survivors of
crime, PTSD severity predicted self-reported physical
symptoms beyond negative life events, anger, and
depression (Zoellner et al. 2000). Taken together, the
studies described above suggest that PTSD uniquely
contributes, either directly or indirectly, to negative
health and to increased health costs beyond what is
attributable to the traumatic experience per se.

PTSD and mental health

As mentioned earlier, comorbidity rates between PTSD
and depression are high with 26–68% of individuals
with PTSD having met criteria for major depression
and 34% having met criteria for dysthymic disorders
(Kilpatrick et al. 1987; Keane & Wolfe 1990; Kulka 
et al. 1990). Individuals with comorbid disorders are
likely to experience even greater difficulties in social
and occupational functioning than those with PTSD
alone. Indeed, more severely impaired functioning can
be apparent in an inability to care for children, marital
discord, and job loss resulting in high social costs.
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and dependence (e.g. crimes to pay for the substance,
loss of ability to care for children and self, etc.).

Conclusions

PTSD is an anxiety disorder precipitated by exposure
to an event which involves actual or threatened death
or serious injury or threat to the personal integrity of
self or others that causes intense fear, helplessness, or
horror. The defining symptoms include re-experiencing
aspects of the trauma, avoidance of trauma-related
stimuli, numbing, and arousal. PTSD often co-occurs
with other psychiatric diagnoses, most commonly MDD
and alcohol and substance abuse or dependence.

Several factors may be useful in identifying indi-
viduals most at risk for PTSD. First, individuals who
have experienced assaultive violence, especially rape
and physical assault, are more likely to develop PTSD
than other trauma populations. However, this does
not to mean that other traumatic experiences cannot
lead to PTSD. Indeed, unexpected loss of a loved one is
one of the most commonly reported precipitating
events for PTSD (Breslau et al. 1998, 1999). Second,
individuals who have experienced multiple traumatic
experiences are more likely to be diagnosed with
PTSD. Third, high levels of emotional reactions (such
as fear and anger), dissociation, and numbing are all
predictive of PTSD severity and development. Also,
more interpersonal stress following traumatic events is
predictive of PTSD severity. Finally, women are more
likely to be diagnosed with PTSD than men. Research
is necessary to clarify the specific nature of and reasons
for this observed difference.

Due to the extreme negative impact of PTSD on the
social and occupational functioning of individuals
with this disorder, PTSD extracts an extremely high
negative social impact. As such, continued research
into the factors which predict those most vulnerable 
to the development of PTSD, along with continued
examination of effective treatment strategies for PTSD
are imperative.
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Obsessive-compulsive Disorder
J. Zohar, Y. Sasson, M. Chopra, R. Amiaz & N. Nakash

during the course of the disorder, but not necessarily
during the current episode, the diagnosis requires for
the person to have recognized that the obsessions or
compulsions are excessive or unreasonable. However,
if during most of the current episode the patient does
not have this recognition, the diagnosis of OCD with
poor insight might be most appropriate.

If another Axis I disorder is present, it is mandatory
that the content of the obsessions or compulsions not
be restricted to it (e.g., preoccupation with food or
weight in eating disorders, or guilt ruminations in the
presence of major depressive episode). The disturbance
should not be due to the direct effects of a substance
(e.g., a drug of abuse or a medication), or a general
medical condition.

The DSM-IV diagnostic criteria for OCD are pre-
sented in Table 6.1.

Symptom clusters

The number and types of obsessions and compul-
sions are remarkably limited and stereotypical, and
can generally be classified into several major symptom
clusters.

The most prevalent obsession is concerned with 
contamination by dirt and/or germs; its accompanying
compulsion is washing. Such patients may spend 
several hours daily washing their hands, showering or
cleaning. Typically, they attempt to avoid sources of
“contamination” such as door knobs, electric switches
and newspapers. Paradoxically, some of these patients
are actually quite slovenly. While they recognize that
nothing will happen if they resist washing, they may
refuse to touch even their own bodies, knowing that if

Introduction

Obsessive-compulsive disorder (OCD) is a common,
chronic, and disabling disorder characterized by
obsessions and/or compulsions. These symptoms are
egodystonic and cause significant distress to patients
and their families. Up to the early 1980s, OCD was
considered a rare, treatment-refractory, chronic con-
dition, of psychological origin. Since then, however, 
several researchers have reported that the prevalence
of OCD is around 2% in the general population
(Robins et al. 1984; Weissman et al. 1994) and it is
almost equally distributed between males and females.

Clinical features

The diagnosis of OCD according to the Diagnostic
Statistical Manual, fourth edition (DSM-IV: American
Psychiatric Association 1994) is based on the presence
of either obsessions or compulsions. Obsessions are
recurrent, intrusive and distressing thoughts, images
or impulses, while compulsions are repetitive, seem-
ingly purposeful behaviors that a person feels driven to
perform. Obsessions are usually unpleasant and increase
a person’s anxiety, whereas carrying out compulsions
reduces it. Resisting carrying out a compulsion, however,
results in increased anxiety. The patient usually real-
izes that the obsessions are irrational and experiences
both the obsession and the compulsion as egodystonic.

The obsessions and compulsions cause marked dis-
tress, are time-consuming (more than 1 h per day) and
interfere significantly with the person’s normal routine
and social and occupational activities. At some point
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they do, they will not be at ease unless they carry out
extensive washing rituals.

Another symptom cluster is that of checking. These
patients are obsessed with doubt, usually tinged with
guilt, and are frequently concerned that if they do not
check carefully enough they will harm others. Yet
instead of resolving uncertainty, their checking often
only contributes to even greater doubt, which leads to
further checking. Often these patients will enlist the
help of family and friends to ensure they have checked
enough or correctly. By some inscrutable means, the
checker ultimately resolves a particular doubt, only to
have it replaced by a new one. Resistance, which in this
case involves the attempt to refrain from checking,
leads to difficulty in concentrating and to exhaustion
from the endless intrusion of nagging uncertainties.

Common examples of such doubts are the fear of
causing a fire, that leads to checking the stove (even 
to the extent that the patient cannot leave home), or
the fear of hurting someone while driving, leading to
repetitive driving back over the same spot after hitting
a bump in the road. Some checkers may not even be

sure why they are checking, merely led by the inexplic-
able “urge” to do so. Checkers may also engage in
related compulsive behaviors. Sometimes, uncertain
whether the checking is sufficient, patients may develop
“undoing” rituals such as counting to a certain num-
ber in their head, repeating actions a specific number
of times, or avoiding particular numbers.

Another symptom cluster is that of pure obsessions.
The pure obsessional patient experiences repetitive,
intrusive thoughts which are usually somatic, aggress-
ive, or sexual, and are always reprehensible to the
thinker. In the absence of what appears to be discrete
compulsion, these obsessions may be associated with
impulses or fearful images. When the obsession is an
aggressive impulse, it is usually directed at the one per-
son most valuable to the patient. The obsession may
also be a fear of acting on other impulses (e.g., killing
someone, robbing a bank, stealing), or a fear of being
held responsible for something terrible (e.g., fire,
plague). Often, there may be subtle rituals surrounding
these obsessive thoughts. For example, a mother who
is afraid she will stab her daughter may struggle with

Table 6.1 Diagnostic criteria for OCD (DSM-IV).

A. Either obsessions or compulsions
Obsessions as defined by 1, 2, 3 and 4:

1 Recurrent and persistent thoughts, impulses, or images
2 The thoughts, impulses, or images are not simply excessive worries about real-life problems
3 The person attempts to ignore or suppress such thoughts, impulses, or images, or to neutralize them
4 The person recognizes that the obsessional thoughts, impulses, or images are a product of his or her own mind (not imposed
from without as in thought insertion)

Compulsions are defined by 1 and 2:
1 Repetitive behaviors (e.g., hand washing, ordering, checking) or mental acts (e.g., praying, counting, repeating words
silently) that the person feels driven to perform
2 The behaviors or mental acts are aimed at preventing or reducing distress or preventing some dreaded event or situation

B. At some point during the course of the disorder, the person has recognized that the obsessions or compulsions are excessive or
unreasonable. Note: this does not apply to children

C. The obsessions or compulsions cause marked distress, are time consuming (take more than 1 h a day), or significantly inter-
fere with the person’s normal routine

D. If another Axis 1 disorder is present, the content of the obsessions or compulsions is not restricted to it (e.g., preoccupation
with food in the presence of an eating disorder; ruminations in the presence of major depressive disorder)

E. The disturbance is not due to the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a general
medical condition

Specify with poor insight if, for most of the time during the current episode, the person does not recognize that the obsessions and compulsions are
excessive or unreasonable.
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this impulse by avoiding sharp objects, then by avoid-
ing touching her daughter and ultimately by leaving
the house altogether.

Although such avoidant behavior may not appear as
an actual repetitive behavior or compulsion, it does
share other properties of compulsion in that it is an
intentional attempt to neutralize the obsession. Pa-
tients may seek treatment claiming they have a pho-
bia, when in fact their avoidance is motivated by
obsessions. Often, close examination of the patient
history will reveal the presence of other obsessions or
compulsions as well.

Sexual obsessions include forbidden or perverse 
sexual thoughts, images, or impulses that may involve
children, animals, incest, homosexuality, etc. Obses-
sional thoughts may also be of a religious rather than
sexual or violent nature. Such thoughts can lead to
repetitive silent prayer or confession or result in more
apparent rituals such as repeated bowing or trips to
temple, church or synagogue. Such behavior presents a
particular problem to both clinicians and clergy as
they attempt to draw the line between disorder and
devotion.

Obsessional slowness involves the obsession to have
objects or events in a certain order or position, to do
and undo certain motor actions in an exact way, or to
have things perfectly symmetrical or “just right.” Such
patients require an inordinate amount of time to com-
plete even the simplest of tasks; thus, merely getting
dressed may take a couple of hours. Unlike most 
obsessive-compulsive patients, these patients usually
do not resist their symptoms. Instead, they seem to be
consumed with completing their routine precisely.
Although this subtype of OCD is rare, aspects of slow-
ness often appear along with other obsessions and
compulsions, and may be the major source of interfer-
ence in daily functioning.

Another noncommon OCD subtype, where patients
also make little attempt to resist their symptoms is
hoarding behavior. These patients may refuse to throw
out junk mail, old newspapers or used tissues, for
example, because they fear throwing away something
important in the process.

Many OCD patients have a combination of symp-
toms, although one symptom type, be it washing,
checking, pure obsessions or obsessional slowness,
may predominate. In addition to the lack of pure 
subtypes is the phenomenon of symptom shifting. At
different points in the course of their illness, patients
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report that different OCD symptoms are predominant.
Thus, a patient who in childhood may have had pre-
dominantly washing rituals may have checking rituals
as an adult. The principal reason for noting this symp-
tom shift is not in terms of treatment but in order to
increase the level of confidence in making the OCD
diagnosis.

Recent dimensional approaches have been utilized
in order to analyse these characteristic subtypes, and
present the different symptoms in an innovative way.
Leckman et al. (1997) have examined the symptom
dimensions of OCD in two groups of OCD patients 
(N = 300) using factor analysis. Four factors emerged:
obsessions and checking, symmetry and ordering, clean-
liness and washing, and hoarding, in total accounting
for more than 60% of the variance.

Table 6.2 presents commonly occurring obsessions
and compulsions.

Pathogenesis of OCD

Serotonin reuptake inhibitors are effective in the treat-
ment of OCD while nonserotonergic reuptake inhibitors
do not display antiobsessional effects (Zohar et al.
1992). This drug-specific response renders OCD unique
among affective and anxiety disorders, which respond
to both serotonergic and nonserotonergic reuptake
inhibitors, and lends support to the serotonergic hypo-
thesis for this disorder (Zohar & Insel 1987).

Abnormality of the serotonin system and particularly
hypersensitivity of postsynaptic 5-HT receptors remains
the leading hypothesis for the underlying pathophysi-
ology of OCD. A number of lines of evidence support

Table 6.2 Commonly occurring obsessions and compulsions
(from Rasmussen 1986).

Obsessions % Compulsions %

Contamination 45 Checking 60
Pathological doubt 42 Washing 50
Somatic 36 Counting 36
Need for symmetry 31 Need to ask or confess 31
Aggressive impulse 28 Symmetry/precision 28
Sexual impulse 26 Hoarding 18
Other 13 Multiple compulsions 48
Multiple obsessions 60



other anxiety disorders. Reassessment after 8 weeks 
of treatment with either clomipramine or fluvoxamine
showed that 3H-imipramine density had significantly
increased over baseline towards normal values. This
suggests that the 5-HT transporter has a role in OCD
and may be linked to recovery and positive response to
serotonergic drugs.

The serotonergic hypothesis remains a necessary 
but not sufficient explanation for the pathogenesis of
OCD. Most evidence remains focused on the basal
ganglia and on a 5-HT/dopamine inter-relationship.
Given that the basal ganglia receive such rich enerva-
tion from both 5-HT and dopamine neurones it has
been postulated that OCD is subserved by a neuronal
dysfunction in the basal ganglia and orbitofrontal 
cortex circuit. However, other systems, such as the
neuropeptides arginine, vasopressin, oxytocin and
somatostatin have also been suggested. Clinical associ-
ation between obsessive-compulsive symptoms, auto-
immune diseases and D8/17 positive response in OCD
patients with childhood onset of OCD suggests the
presence of an autoimmune mechanism. An initial
attempt to utilize these findings in a clinical interven-
tion via plasmaphoresis in these cases was encouraging
(Perlmutter et al. 1999). Further studies are required 
to understand the relevance of the serotonergic and
nonserotonergic systems in different subtypes of OCD.

Epidemiology

In the last decade, the prevalence of OCD symptoms in
the general population has been found to be remark-
ably high. Until 1984, the most quoted figure was 0.05%
(Woodruff & Pitts 1969). However, since 1984, at
least three studies carried out in North America found
the prevalence of OCD in the general population to be
greater than 2%, which is 40 times higher than the 
earlier estimation from the 1950s. Robins et al. (1984)
found a prevalence figure of 2.5%, Bland et al. (1988)
found a prevalence figure of 3.0% and Karno et al.
(1988) found a prevalence figure of 2.5% of OCD in
the general population.

The prevalence of OCD in countries other than
North America has also been examined. A major study
carried out by Weissmann et al. (1994) in over four 
different continents examined the prevalence of OCD
across the globe. This study found OCD prevalence 
to be approximately 2% in the US, Canada, Latin

this serotonergic hypothesis, not least treatment studies
which demonstrated clearly and consistently that anti-
obsessional efficacy was a function of serotonin reup-
take inhibition (Zohar & Kindler 1992a). Studies of
markers and biological probes provided further evi-
dence: platelet studies, for example, linked reductions 
in 5-HT activity with clinical response (Flament et al.
1988), and treatment response was correlated with
decreased 5-hydroxyindoleacetic acid (5-HIAA) levels
within the cerebrospinal fluid of OCD patients (Thoren
et al. 1980). Added to this was the evidence from the
behavioral or physiological responses observed follow-
ing serotonergic challenge with the serotonin agonists
m-chlorophenylpiperazine (mCPP), a compound with
high affinity for 5-HT1A, 5-HT1D and 5-HT2C recep-
tors (Zohar et al. 1987).

As an array of 5-HT receptors subtypes have been
identified, researchers have endeavored to determine
which subtype might be primarily implicated in OCD
(Zohar & Kindler 1992b). Lesch et al. (1991) adminis-
tered the 5-HT1A receptor ligand ipsapirone to drug-
free patients and found that it induced hypothermia
and release of corticotrophin and cortisol but had no
effect on OCD symptoms. The study concluded that 
5-HT1A did not seem to be the likely candidate. Further-
more, a double blind buspirone augmentation study
by McDougle et al. (1993) found no added beneficial
effect of augmentation and hence supported the general
consensus regarding the limited therapeutic value of 
5-HT1A agonists in OCD.

Administration of MK-212, a serotonin agonist
with a high affinity for 5-HT1A and 5-HT2C receptors,
similarly had no effect on behavior in OCD patients 
or controls (Bastani et al. 1990). Taken together, these
challenge studies suggest that 5-HT2C and 5-HT1D
receptors may be possible candidates. A pilot study
with the specific 5-HT1D agonist sumatriptan in
patients with OCD supports a potential role for the 
5-HT1D receptor in some OCD patients (Stern et al.
1998). Further support for the role of 5-HT1D in
OCD has emerged from the genetic study by Mundo 
et al. (2000).

Although attention has been focused on the post-
synaptic serotonin receptor, presynaptic mechanisms
may also be implicated. Marazziti et al. (1993) reported
a decreased number of platelet 3H-imipramine and
3H-paroxetine binding sites, peripheral markers of the
presynaptic 5-HT transporter in drug-free OCD pati-
ents compared with healthy controls and patients with
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However, it should be noted that not all the authors
agree with these figures. For example, Nelson and Rice
(1997) and Stein et al. (1997) have suggested that diag-
nosis of OCD by the Diagnostic Interview Schedule
and by laypersons may lead to over-diagnosis, and
proposed lower prevalence rates of 1–2%.

Cultural aspects

The universality of obsessive-compulsive symptoms
poses the question of what role culture plays in the
content of obsessions. Thomsen (1995) found only a
few cross-cultural differences in obsessive-compulsive
symptoms between Denmark and the US. Various
studies carried out among OCD sufferers in the US,
India, England, Japan, Denmark and Israel found the
content of obsessions to be relatively similar across
locations (Greenberg & Wtzum 1994; Okasha et al.
1994; Foa & Kozak et al. 1995; Sasson et al. 1997). The
most common obsession across these six countries,
regardless of cultural background, appears to be the
obsession about dirt or contamination. The second most
common obsession is harm or aggression, the third is
somatic, the fourth is religious, and the last is sexual
obsessions. It appears therefore that the content of
obsessions is remarkably similar regardless of cultural
or geographic location. The commonly occurring obses-
sions, according to country, are presented in Table 6.4.

Additional demographic findings from the Cross-
National Collaborative Study (Weissmann et al. 1994)
show the mean age of onset of OCD to be roughly in the
twenties; female : male ratio to be roughly 1 : 2; and
the course of OCD to be usually chronic. The preva-
lence of OCD among children and adolescents appears
to be as high as among adults (Flament et al. 1988).

America and Puerto Rico. The findings were the same
in Europe and New Zealand, while in Asia and Korea,
OCD prevalence was found to be 1.9%, and in Taiwan
0.7%. Therefore, with the exception of Taiwan, where
the prevalence of all psychiatric disorders is relatively
low, OCD prevalence worldwide is approximately 2%.
With these findings, OCD has been placed prevalence-
wise between major depressive disorder and schizo-
phrenia. They also define OCD as a global problem, as
the estimated total number of patients who suffer from
the disorder worldwide appears to be at least 50 mil-
lion. Table 6.3 presents data regarding the worldwide
prevalence of OCD.

Table 6.3 OCD prevalence worldwide.

Study Location Prevalence (%)

Robins et al. (1984) US 2.5
Bland et al. (1988) Canada 3.0
Karno et al. (1988) US 2.5
Sasson et al. (1997) Israel 3.6*
Reinherz et al. (1993) US 2.1*
Chen et al. (1993) Hong Kong 2.1
Lindal and Stefannson Iceland 2.0

(1993) US 2.3
Canada 2.3

Weissman et al. (1994) Puerto Rico 2.5
Germany 2.1
Taiwan 0.7
Korea 1.9
New Zealand 2.2

Valleni-Basile et al. (1994) US 3.0

*Adolescent population.

Dirt/ Harm/
Country contamination aggression Somatic Religious Sexual

US (N = 425) 38 24 7 6 6
India (N = 410) 32 20 14 5 6
UK (N = 86) 47 27 a 5 10
Japan (N = 61) 39 12 13 a 5
Denmark (N = 61) 34 23 18 8 6
Israel (N = 34) 50 20 3 9 6

Table 6.4 Content of obsessions in 
different countries (%).



Therefore, in order to identify an OCD sufferer,
every mental status examination should include five
specific questions about OCD. These questions are as
follows:
1 Do you wash or clean a lot?
2 Do you check things a lot?
3 Is there any thought that keeps bothering you that
you would like ot get rid of but can’t?
4 Do your daily activities take a lot of time to 
complete?
5. Are you concerned about orderliness or symmetry?
If these five questions are not asked, it is likely the 
diagnosis of OCD patients will elude the clinician,
since, unless they are questioned directly, these patients
will probably not reveal their symptoms. The crucial
importance of diagnosing OCD lies in the fact that
with appropriate treatment many patients will show
substantial improvement, not only in their obsessive
compulsive symptoms but also in their quality of life
(Koran et al. 1996) and will experience a significant
decrease in suffering as well.

Differential diagnosis

Certain patients with OCD may appear to resemble
simple or social phobic individuals. Patients with
obsessions about contamination may even describe
their problem as “germ phobia.” Although in indi-
vidual cases it may be difficult to distinguish between
OCD and phobia, unlike the phobic patient, the OCD
patient’s fear often involves harming others rather
than the self. Furthermore, the “phobic” OCD patient
is usually concerned with avoiding a stimulus that is
unavoidable, such as germs, dirt, or a virus, rather
than “classic” phobic objects such as crowds, bridges
or tunnels.

According to the DSM-IV, another Axis I disorder
may be present. However, the content of the obsession
should be unrelated to it (e.g., guilty thoughts in the
presence of major depressive disorder, or thoughts
about food in the presence of a eating disorder should
not be considered symptoms of OCD).

OCD behaviors which are engaged in excessively,
with a sense of compulsion, such as pathological gam-
bling, overeating, alcohol or drug abuse and sexuality,
can also be distinguished from true compulsions, as to
some degree they are exerienced as pleasurable, while
compulsions are not.

Diagnostic issues

The DSM-IV classifies OCD as part of the anxiety 
disorders which include phobias (specific and social),
panic disorder (with and without agoraphobia), post-
traumatic stress disorder, generalized anxiety disorder,
anxiety disorder due to medical condition or substance
abuse, and acute stress disorders.

However, there are some important differences
between OCD and other anxiety disorders. They include:
age of onset (younger in OCD patients than in those with
panic disorder), sex distribution (equal distribution of
males and females among OCD patients compared to
greater prevalence among females for other anxiety
disorders), responses to anxiogenic and anxiolytic
compounds, and selective responsivity of serotonergic
medications (cf. Zohar & Pato 1991).

Although both obsessions and compulsions are 
found in a variety of psychiatric disorders, as well as in
normal mental life, OCD is distinguished by two prin-
cipal features. First, the symptoms are egodystonic
athe individual attempts to ignore or suppress them
and recognizes these preoccupations to be excessive or
unreasonable. Second, the obsessions and the compul-
sions cause marked distress, are time consuming (should
occupy more than 1 h per day, according to the DSM-
IV), and lead to significant interference in functioning.

Although OCD is an anxiety disorder in the DSM-IV
classification, according to the International Classifica-
tion of Diseases, 10th edition (ICD-10: World Health
Organization 1993) it belongs to the “Neurotic, stress-
related and somatoform disorders” group as a stand-
alone disorder (and not to the “Anxiety disorders”
group). According to this classification, the obsessions
or compulsions (or both) should be present for a
period of at least 2 weeks. Otherwise, the diagnostic
criteria and clinical features are quite similar to those
in the DSM-IV.

Reasons for underestimation of OCD

If OCD is indeed the second most prevalent psychiatric
disorder, why we do not diagnose OCD more often?
The answer to this question lies in the egodystonic
nature of the disorder. Patients will often attempt to
disguise their symptoms due to the shame or embar-
rassment associated with the disorder. Thus, they will
not reveal their obsessive-compulsive symptoms unless
asked about them directly.
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There may be some similarities in the diagnosis of
OCD, an Axis I disorder in DSM-IV, and of obsessive-
compulsive personality disorder (OCPD), an Axis II
disorder in DSM-IV. Compulsive personality disorder
refers to individuals afflicted with perfectionism, order-
liness, and rigidity, for whom these traits are ego-
syntonic. Both disorders reveal a preoccupation with
aggression and control, both use the defenses of reac-
tion formation, undoing, intellectualization, denial and
isolation of affect. The psychoanalytic formulation
suggests that OCD develops when these defenses fail
to contain the obsessional character’s anxiety. In this
view, OCD is often considered to be on a continuum
with OCPD pathology.

However, epidemiological evidence reveals that a
concurrent diagnosis of OCPD is neither necessary 
nor sufficient for the development of OCD on Axis I, 
in most OCD patients. Moreover epidemiological 
evidence reveals that a substantial number of pati-
ents with OCD do not exhibit premorbid compulsive
traits (Rasmussen & Tsuang 1986; Black et al. 1993;
Mavissakalian et al. 1993; Thomsen & Mikkelsen
1993). These two disorders are not on a continuum,
and thus, if an individual meets the criteria for both
disorders, both diagnoses should be recorded.

Another source of diagnostic difficulty may arise in
very severe OCD patients who may briefly relinquish
the struggle against their symptoms. At such times the
obsessions or compulsions may appear to shift from an
egodystonic intrusion to a psychotic delusion. Since
follow-up data reveal that such psychotic-like decom-
pensations may occur in patients with OCD who never
go on to develop schizophrenia, Insel and Akiskal
(1986) suggested that these patients should be con-
sidered as having “obsessive-compulsive psychosis,”
analogous to the association between psychotic depres-
sion and depression. Indeed, the DSM-IV includes the
subtype “with poor insight” which specifically refers
to this status.

Prognosis and life course

OCD is characterized by a slow onset of symptoms
and it may take years for symptoms to become full-
blown. However, a rapid onset of symptoms may
occur, sometimes associated with a traumatic event,
such as pregnancy or loss. Due to the secretive nature
of the disorder, there is often a delay of more than 

10 years before patients come to psychiatric attention
(Hollander et al. 1996). However, this delay may be
shortened by the increasing public awareness regard-
ing the disorder, through a proliferation of articles,
books and movies on the subject. The course is usually
long, with most patients experiencing a chronic course,
while others experience a fluctuating one (Sasson et al.
1997).

A poor prognosis is indicated by yielding to (rather
than resisting) compulsions. Further indications include
childhood onset, bizarre compulsions, the need for
hospitalization, coexisting major depressive episode,
delusional beliefs, the presence of overvalued ideas
(that is, some acceptance of the obsessions and com-
pulsions), and the presence of a personality disorder
(especially schizotypal personality disorder). A good
prognosis is indicated by good social and occupational
adjustment, the presence of a precipitating event, 
and an episodic nature to the symptoms. Obsessional
content does not appear to be related to prognosis.
However, further research is needed in order to 
examine the nature and determinants of prognosis 
in OCD.

Comorbidity

Coexisting Axis I diagnoses in primary OCD are major
depressive disorder (67%), simple phobia (22%), social
phobia (18%), and eating disorder (17%) (Rasmussen
& Eisen 1990). Major depressive disorder, which as
we have noted is the most prevalent coexisting Axis 
I diagnosis with primary OCD, may develop as a 
secondary disorder among individuals who find them-
selves wasting long hours each day washing or check-
ing, or obsessing on a persistently recurring thought,
which prevents them from leading fully productive
lives.

OCD and tic disorder

The comorbidity with tic disorders suggests interesting
pathophysiological and therapeutic implications. In
juvenile OCD the rate of tic disorders reaches up to
40% of cases and there is a substantial increase in the
prevalence of Tourette’s syndrome among relatives of
OCD patients (Pauls 1992). Tic-related OCD may
constitute a separate OCD phenotype, on the basis of
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(Zohar & Insel 1987b; Gross et al. 1998), and selective
responsivity of serotonergic medications (cf. Zohar &
Pato 1991).

OCD and phobia

Phobias are distinguished from OCD by the absence of
a relation between the phobic objects and the obsessive
thoughts or compulsive behaviors. The fears in OCD
often involve harm to others rather than harm to one-
self. In addition, the OCD patient when “phobic,” is
usually afraid of a stimulus that is unavoidable (i.e.,
virus, germs or dirt) as opposed to the classic phobic
objects, like tunnels, bridges or crowds.

OCD and OCPD

The relationship between OCD and OCPD has been a
focus of debate. This is due to the presence of certain
similarities in the diagnosis of OCD, an Axis I disorder
in DSM-IV, and of OCPD, an Axis II disorder in DSM-
IV. Both disorders reveal a preoccupation with aggres-
sion and control, both use the defences of reaction
formation, undoing, intellectualization, denial and
isolation of affect. The psychoanalytic formulation
suggests that OCD develops when these defences fail
to contain the obsessional character’s anxiety. In this
view, OCD is often considered to be on a continuum
with OCPD pathology.

Diagnostic confusion can be lessened if one remem-
bers that OCD symptoms are usually egodystonic,
while compulsive character traits are egosyntonic and
rarely provoke resistance. Moreover, OCPD does not
have the degree of functional impairment character-
istic of OCD.

OCD and schizophrenia

About 10–25% of chronic schizophrenia patients 
may also present with OCD symptoms (range 5–45%)
(Berman et al. 1995), and 15% may qualify for the
diagnosis of OCD. As in OCD, the OCD symptoms in
these patients will not necessarily surface unless specific
questions are asked. Many patients with schizophrenia
can distinguish the egodystonic OC symptoms, per-
ceived as coming from within, from the egosyntonic

symptom profiles, sex ratio, age of onset, family and
genetic data, neurochemical and neuroendocrine find-
ings, and patterns of response to treatment.

OCD and depression

Depression is the most common complication of OCD
and, by recognizing this relationship, DSM-IV no
longer excludes a diagnosis of OCD if depression is
present. Instead, it stipulates that the obsession may
not be related in content to the guilt-ridden rumination
of major depression. However, a precise definition of
the relationship between OCD and depression remains
elusive. At the clinical level, the illnesses often seem
inseparableaone worsening or improving in syn-
chrony with the other. However, in some clinical
cases, OCD symptoms may remain in remission while
depression recurs. Although researchers have reported
some similarities in the biological markers for depres-
sion and OCD, the differences between the two out-
weigh their similarities (see Zohar & Insel 1987 for
review).

The most striking difference is that antidepress-
ants with excellent efficacy, such as the norardenergic
reuptake inhibitor desipramine, appear to be totally
ineffective in the treatment of OCD (Goodman et al.
1990). Only medications possessing serotonergic pro-
perties, such as clomipramine, fluoxetine, fluvoxamine,
paroxetine, sertraline and citalopram, have consistent
efficacy in decreasing OCD symptoms. Other differ-
ences relate again to the lack of therapeutic effect 
of electroconvulsive therapy or lithium augmentation
in OCD, as compared to their proven efficacy in
depression (McDougle et al. 1991; Jenicke & Rauch
1994).

OCD and other anxiety disorders

Despite the DSM-IV classification of OCD as an anxi-
ety disorder, there are some important differences
between OCD and other anxiety disorders. These
include: age of onset (younger in OCD patients as
compared to those with panic disorder), sex distribu-
tion (equal distribution of males and females among
OCD patients as compared to greater prevalence among
females of other anxiety disorders), lack of response to
nonserotonergic, anxiogenic and anxiolytic compounds
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delusions perceived as intruding from the outside.
Follow-up studies demonstrate diagnostic stability
over time and it seems that the presence of OCD in
schizophrenia predicts a poor prognosis (Fenton &
McGlashan 1986; Berman et al. 1995). Several studies
among patients with schizophrenia and OCD reported
an improvement in OCD symptomatology after the
addition of a specific antiobsessive medication (Zohar
1997).

Due to the different (poorer) prognosis of patients
with schizo-obsessive symptoms, as well as prelimin-
ary data regarding their response to specific therapeutic
intervention (i.e., the combination of antipsychotic
and antiobsessive medications), and taking into account
the high prevalence of this presentation, several re-
searchers have suggested that a “schizo-obsessive” 
category may be considered (Zohar 1997).

Social and economic costs

While the introduction of effective pharmacological
treatments for OCD has considerably improved course
and outcome for the disorder, recent studies have
shown OCD to have an acute effect on psychosocial
functioning and on quality of life (Stein et al. 1996,
1997). Frequently reported consequences of obsessive-
compulsive symptoms include decreased self esteem,
lowered career aspirations, a troubled relationship
with one’s spouse, having fewer friends and decreased
academic achievement (Hollander et al. 1997). OCD
has also been shown to have a negative impact on
other family members, who often become involved in
the patient’s symptoms. OCD may also interfere with
family members’ social and work function.

With regard to quality of life, obsessive-compulsive
symptoms can lead to substantial distress and to crit-
ical interference in numerous areas of functioning,
including family relations, socialization and work and
study (Hollander et al. 1997; Stein et al. 1997). Thus,
OCD can have a widespread effect on patients, fam-
ilies, friends and employers.

Pharmacoeconomic studies have indicated that
OCD can cost billions of US dollars to the world’s
economy (DuPont et al. 1995; Stein et al. 1997). The
majority of costs associated with OCD result either
from underdiagnosis or misdiagnosis and the receipt
of ineffective treatment, or, indirectly, as a result of
work loss and absenteeism (Hollander et al. 1997).

The estimated direct cost of OCD in the US, according
to cost studies, is approximately US$2 billion per year,
including medications, professional service fees, health
care use (inpatient and outpatient), housing/nursing
home costs, social welfare, and support. Hollander et al.
(1997) reported in their study that 41% of patients were
unable to work due to obsessive-compulsive symptoms,
with a mean work time loss of 2.5 years. In addition,
suicide attempts were reported in 12% of patients.

In summary, it is clear from these findings that OCD
can have staggering emotional, social and financial
costs, accenting the great need for appropriate diag-
nostic, treatment, and educational interventions.
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Social Anxiety Disorder
P.L. du Toit & D.J. Stein

psychotherapeutic approaches for treating social anxi-
ety disorder. The present chapter aims to review the
clinical features, diagnosis, pathogenesis and social
impact of social anxiety disorder.

Clinical features

Social anxiety disorder is characterized by the fear of
humiliation or embarrassment in social or performance
situations as well as the avoidance of such social and
performance situations. The diagnostic criteria for
DSM-IV social anxiety disorder and for International
Classification of Diseases, 10th edition (ICD-10; WHO
1993) social anxiety disorder are presented in Table 7.1.

Feared situations

The extent of situations feared by people with social
anxiety disorder ranges from fear of a single, discrete
setting, such as performing on stage, to a fear of virtu-
ally all forms of interpersonal contact. Generally, most
people with social anxiety disorder fear a number of
social situations (Holt et al. 1992). Public speaking
tends to be the most commonly feared social situation
(Rapee et al. 1988; Holt et al. 1992; Schneier et al.
1992; Turner et al. 1992) followed by situations such
as meetings, social events (e.g. parties) and interacting
with authority figures (Rapee et al. 1988). Women
report experiencing greater fear across a range of social
situations when compared to men (Turk et al. 1998).

In a recent study, Faravelli et al. (2000) found that
86.9% of patients with social anxiety disorder had
more than one fear, with the most common fear being
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Introduction

Social anxiety disorder (also known as social phobia),
once a “neglected anxiety disorder” (Liebowitz et al.
1985), has been gaining recognition as a chronic psy-
chiatric problem associated with considerable func-
tional impairment. Although the Diagnostic Statistical
Manual, fourth edition (DSM-IV; American Psychiatric
Association [APA] 1994) recognizes both social pho-
bia and social anxiety disorder as descriptors for the
condition, many patients and advocacy groups feel
that the term social phobia trivializes the disorder and
that social anxiety disorder better describes the con-
dition (Liebowitz et al. 2000). The patients with this
condition can have social anxiety and either have no
avoidance, endure social situations with considerable
distress but do not avoid them, or have varying levels
of phobic avoidance (Ballenger 1998). For these rea-
sons, the term social anxiety disorder will be preferred
over social phobia in the present chapter.

With a lifetime prevalence of about 13% and a 1
month prevalence rate of 4.5%, social anxiety disorder
is the most prevalent of the anxiety disorders (Magee
et al. 1996) and the third most frequently occurring
disorder after depression and generalized anxiety dis-
order (GAD) (Goldberg & Lecrubier 1995; Kessler 
et al. 1994). However, epidemiological studies indicate
that less than 5% of people with social anxiety disorder
seek treatment for their disorder (Schneier et al. 1992;
Magee et al. 1996). Despite the under-recognition and
under-reporting of social anxiety disorder, recent years
have seen major advances in the development of a
number of effective pharmacotherapeutic as well as
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Fear response

Somatic symptoms
Most people with social anxiety disorder experience
some somatic symptoms, although a number experi-
ence only self-consciousness and fear. Patients with
social anxiety disorder are more likely than patients
with panic disorder to report blushing, twitching 
and stammering (Amies et al. 1983; Solyom et al.
1986). Panic disorder symptoms such as dizziness and
dyspnea are less common in social anxiety disorder.
Some somatic symptoms such as palpitations, sweat-
ing, trembling, muscle-tension and gastrointestinal

speaking in public (89.4%), followed by entering a
room occupied by others (63.1%) and meeting with
strangers (47.3%). Although researchers have inves-
tigated whether distinct clusters of feared situations 
can be distinguished (e.g. the distinction between 
performance-related concerns and concerns relating 
to social interaction) (Liebowitz 1987; Turner et al.
1992), such distinctions have arguably not received
conclusive empirical support (Rapee 1995). It has 
been noted that the degree of fear experienced in social
anxiety disorder is moderated by a number of vari-
ables (e.g. the degree of formality of the situation and
the size and gender of an audience) (Rapee 1995).
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Table 7.1 ICD-10 and DSM-IV criteria for social anxiety disorder.

SP ICD-10
(A) SP is centred around a fear of scrutiny by other people in comparatively small groups (as opposed to crowds), usually leading
to avoidance of social situations*
(B) SP is usually associated with low self-esteem and fear of criticism*
(C) May present as complaint of blushing, tremor, nausea, or urgency of micturition. These symptoms may progress to panic
attacks*
(D) The feared situation is avoided whenever possible or endured with dread. Avoidance is often marked and in extreme cases
may result in almost complete social isolation*
(E) Anxiety must be restricted to or predominate in particular social situations*
(F) If the distinction between SP and agoraphobia is difficult, precedence should be given to agoraphobia. Panic disorder should
only be diagnosed in the absence of phobia*
(G) Psychological, behavioral or autonomic symptoms must be primary manifestations of anxiety and not secondary to other
symptoms such as delusions or obsessional thoughts*
(H) May be discrete (restricted to eating in public, public speaking, encounters with the opposite sex) or diffuse (involving almost
all social situations)*

DSM-IV
(A) Marked and persistent fear of one or more social or performance situations in which the person is exposed to unfamiliar 
people or possible scrutiny by others, and fearing he/she will act or show anxiety symptoms that will be humiliating or 
embarrassing
(B) Exposure to the feared situation provokes anxiety, which may take the form of a situationally bound/predisposed panic
attack
(C) The person recognizes that the fear is excessive and unreasonable
(D) The feared situations are either avoided or endured with intense anxiety or distress
(E) The person has marked distress about having the phobia or the avoidance, anticipatory anxiety, or distress in the feared situ-
ation(s) interferes significantly with the person’s normal routine, occupational or academic functioning, or social relationships
(F) For individuals younger than 18 years, the duration is at least 6 months
(G) The fear or avoidance behavior is not better accounted for by another mental disorder, e.g. panic disorder with or without
agoraphobia or body dysmorphic disorder
(H) If medical or other psychiatric condition coexists, the fear is unrelated to that condition

SP, social phobia.
*Generalized social anxiety disorder is specified as a fear of most social situations.
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discomfort are common to both social anxiety dis-
order and other anxiety disorders. In social anxiety
disorder, these somatic symptoms are usually clearly
related to an actual social or performance situation or
to the recollection or anticipation of such situations.

Behavioral symptoms
Avoidance behaviors are often the greatest source of
impairment in social anxiety disorder and range from
relatively subtle in-situation safety behaviors (e.g. avoid-
ing eye contact) to the avoidance of all interpersonal
contact outside the patient’s immediate family. In-
situation safety behaviors and avoidance of social 
situations prevent exposure to feared situations and their
consequences, and may, paradoxically, make feared
outcomes more likely (Clark & Wells 1995).

Actual performance and social skills

Although it has been hypothesized that social anxiety
disorder is associated with certain deficits in social 
and performance-related skills, the evidence for such
deficits is mixed (Rapee 1995). Various studies have
not found differences in social or performance-related
skills between normal controls and patients with social
anxiety disorder (Clark & Arkowitz 1975; Pilkonis
1977b; Rapee & Lim 1992). Other studies have found
differences between socially anxious and nonanxious
people on global measures of performance, but not on
specific social skills (e.g. eye contact) (Beidel et al.
1985). These differences may reflect the inhibition of
social skills within feared situations rather than being
indicative of actual skills deficits (Rapee 1995).

Clinical subtypes

Two subtypes of social anxiety disorder have been dis-
tinguished on the basis of the number of situations
feared by patients with social anxiety disorder, namely
generalized or diffuse social anxiety disorder (fear of
most social and performance situations) and non-
generalized social anxiety disorder (fear of only two or
three social or performance situations). Also, it has
been suggested that public-speaking social anxiety dis-
order (in which only public speaking situations are
feared) represents a distinct subtype of social anxiety
disorder (Kessler et al. 1998; Stein et al. 1998a). Both
DSM-IV and ICD-10 recognize the distinction between
generalized and nongeneralized social anxiety disorder

and a number of studies have offered support for the
distinction between the two subtypes of social anxiety
disorder (Heimberg et al. 1990; Turner et al. 1992;
Stein et al. 1998a).

People with generalized social anxiety disorder are
less well educated, are more likely to be unemployed
and are more likely never to have married than people
with nongeneralized social anxiety disorder (Heimberg
et al. 1990; Mannuzza et al. 1995). The age at onset of
generalized social anxiety disorder is generally also
younger than in nongeneralized social anxiety disorder
(Mannuzza et al. 1995; Wittchen et al. 1999), although
not all data are consistent (Weinshenker et al. 1996). 
A number of studies have found that people with gen-
eralized social anxiety disorder reported more severe
anxiety symptoms, higher general levels of distress,
greater functional impairment, and greater lifetime
comorbidity with other disorders than people with the
nongeneralized subtype (Heimberg et al. 1990; Turner
et al. 1992; Mannuzza et al. 1995; Wittchen et al.
1999).

Mannuzza et al. (1995) reported that the rate of
social anxiety disorder was significantly greater in first-
degree relatives of patients with generalized versus
nongeneralized social phobia; however, the prevalence
rates of social anxiety disorder were identical for 
relatives of patients with nongeneralized social anxiety
disorder and healthy controls. Stein et al. (1998a) per-
formed a direct-interview family study to investigate
differences in the rates of generalized, nongeneralized,
and discrete social anxiety disorder in the first-degree
relatives of patients with generalized social anxiety 
disorder and healthy controls. It was found that 
first-degree relatives of probands with generalized
social anxiety disorder had an approximately 10-fold
greater risk for generalized social anxiety disorder 
and for avoidant personality disorder when compared
to first-degree relatives of healthy controls and of 
patients with discrete or nongeneralized social anxiety
disorder.

The existing data therefore seems to confirm that
there may be some validity in distinguishing between
generalized and nongeneralized subtypes of social 
anxiety disorder.

Social anxiety disorder in children

In DSM-IV, social anxiety disorder in childhood/
adolescence replaced avoidant and overanxious 
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child’s opportunities to develop the social skills neces-
sary for later academic, social and work-related func-
tioning. In addition, adult sufferers of social anxiety
disorder report a significantly higher incidence of
problem behaviors (e.g. fighting, running away from
home, and stealing) during adolescence than do healthy
controls (Davidson et al. 1993a). Social anxiety disorder
during adolescence also commonly leads to truancy
(Beidel 1998). These problem behaviors may not be
recognized as secondary problems resulting from social
anxiety disorder and may themselves have deleterious
developmental outcomes.

Cultural variations in the presentation of social
anxiety disorder

Clinicians need to be sensitive to differences in the 
presentation of social anxiety disorder. The well-
documented psychiatric syndrome “taijin kyofusho”
(TKS)ameaning “fear of facing other people”ashares
a number of characteristics with social anxiety disorder
and occurs commonly in certain East Asian societies
(Chang 1984; Prince 1993; Ono et al. 1996). Indi-
viduals suffering from TKS experience intense shame
about, and persistent irrational fears of, causing others
offense, embarrassment or even harm, through some
perceived personal inadequacy or shortcoming. Com-
mon specific manifestations of TKS include fear of
blushing (erythrophobia), fear of emitting body odor
(dysosmophobia), and fear of displaying unsightly
body parts (dysmorphophobia) (Chang 1984). Whereas
DSM-IV criteria for social anxiety disorder tend to
focus on patients’ concern with the negative evaluation
of their behavior, patients with TKS are more con-
cerned about the offense that they may cause to others.
One of the interesting things about TKS is that insight
can be poor, this raises the question of whether poor
insight can be found in Western social anxiety disorder
patients.

Diagnostic thresholds

Shyness and social anxiety disorder
It has been suggested that social anxiety disorder may
be an extreme on a putative continuum of shyness
(Heckelman & Schneier 1995; Hirshfeld-Becker et al.
1999). If shyness is defined as the fear of social or per-
formance situations involving exposure to strangers or
scrutiny by others, then per definition, all people with

disorder. Children and adults show similarities in the
types of social situations feared as well as in the somatic
symptoms associated with social anxiety disorder
(Beidel et al. 1999). The behavioral manifestations of
social anxiety disorder in children and adolescents
may differ according to the developmental level of 
the child and include behaviors such as clinging and
crying in younger children (Albano et al. 1995) as 
well as school refusal, vague somatic complaints, 
stuttering, fidgeting, and test-anxiety in addition to
manifestations typical in adults with social anxiety 
disorder (Beidel 1991; Albano et al. 1995; Schneier &
Welkowitz 1996).

There exists a strong association between selective
mutism, i.e. the consistent failure to speak in specific
social situations but not in others, and social anxiety
disorder in children (Black & Uhde 1992). In a study
of 50 children with selective mutism, Dummit et al.
(1997) found that all of the children included in their
sample had comorbid DSM-III-R (APA 1987) social
phobia or avoidant disorder.

In diagnosing social anxiety disorder in children,
attention has to be paid to developmental processes
(Kaminer & Stein 1999). Furthermore, there must be
evidence that the child is capable of establishing age-
appropriate social relationships with familiar people.
The clinician also needs to establish that social anxiety
is not limited to interactions with adults (since many
children fear such interactions) but also occurs in social
interactions with peers. Children may lack the cogni-
tive sophistication to recognize the unreasonable and
excessive nature of their social anxiety. Since children
and adolescents may experience transient shyness and
social evaluative fears during particular developmental
periods, DSM-IV requires that social anxiety disorder-
symptoms have a duration of at least 6 months in people
younger than 18 years.

As in adults, social anxiety disorder is associated
with considerable comorbidity in children (Last et al.
1992; Strauss & Last 1993; Beidel et al. 1999). Social
anxiety disorder in children and adolescents is also
associated with considerable distress and impairment
(Beidel 1998; Beidel et al. 1999; Kaminer & Stein
1999). Social anxiety disorder during childhood and
adolescence may interfere with the normal develop-
ment of the child thus contributing to the functional
impairment associated with social anxiety disorder in
adults. For instance the avoidance of social situations
during childhood and adolescence may decrease the
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social anxiety disorder suffer from excessive shyness in
some contexts. However, shyness is a heterogeneous
concept often poorly defined and operationalized in
research (Heckelman & Schneier 1995; Hirshfeld-
Becker et al. 1999). Certain similarities exist between
shy individuals and patients with social anxiety disorder:
Similar physical symptoms are experienced by people
with self-defined shyness as well as people with social
anxiety disorder (Ludwig & Lazarus 1983; Kagan et al.
1988), both groups experience fear of negative evalu-
ation and may show certain social skills deficits (see
Turner et al. 1990 for a review). Whereas the prevalence
rates of self-described shyness are 20–40% (Turner et al.
1990), prevalence rates of social anxiety disorder range
from 3% to 13% (Kessler et al. 1994). Further research
into the relationship between shyness and social anxiety
disorder is necessary in order to determine whether
qualitative differences exist between shy individuals
and people with social anxiety disorder, and whether
social anxiety disorder and avoidant personality disor-
der form part of a putative shyness continuum.

Test-anxiety and social anxiety disorder secondary to
another psychiatric or medical illness
A number of studies have reported a positive relation-
ship between test-anxiety (i.e. the intense anxiety in
anticipation of and response to tests or evaluations of
knowledge or skills) and social anxiety or social anxiety
disorder (Pilkonis 1977a; Turner et al. 1986; Beidel
1988). The DSM-IV workgroup on social phobia
(Schneier et al. 1996) recommended that test-anxiety
should be diagnosed as a form of discrete social anxiety
disorder providing it meets DSM-IV criteria for social
anxiety disorder.

In addition, the DSM-IV workgroup on social phobia
recommended that the diagnosis of social anxiety 
disorder excludes social fears secondary to medical
conditions such as stuttering and benign tremor and
psychiatric conditions such as Parkinson’s disease, 
and classifies them under “Anxiety disorder not other-
wise specified” (APA 1994). However, patients with
such medical and psychiatric conditions often report
significant social anxiety symptoms. For instance, it has
been found that people with stuttering suffer signific-
ant impairment due to their social fears and thataif the
DSM-IV exclusion criteria is waivedaa large proportion
of such patients qualify for a DSM-IV diagnosis of
social anxiety disorder (Stein et al. 1996; Schneier et al.
1997). In addition, it has been shown that patients with

social anxiety disorder secondary to disfiguring or dis-
abling medical conditions, may respond to the monoam-
ine oxidase inhibitor (MAOI) phenelzine (Oberlander
et al. 1994). Since DSM-IV exclusion criteria may hinder
the identification and treatment of these disorders, 
a number of researchers have suggested that social
anxiety disorder secondary to medical conditions and
certain psychiatric conditions should be conceptualized
as social anxiety disorder and treated accordingly
(Stein et al. 1996; Schneier et al. 1997).

Clinical course of the disorder

Age at onset
The mean age at onset of social anxiety disorder is
around the mid to late teen years (Mannuzza et al.
1990). This is later than is found for many specific pho-
bias, but considerably earlier than age at onset of panic
disorder (Marks & Gelder 1966; Öst 1987). In the
subgroup of subjects with uncomplicated social anxiety
disorder included in the US Epidemiologic Catchment
Area (ECA) study, the overall age of onset occurred in
a bimodal distribution with mean reported age of 15.5
years and peaks at the interval between 0 and 5 years
and at 13 years. As many as 47% of patients with
social anxiety disorder report that the disorder had
been present for their whole lives or, at least, had an
onset before the age of 10 (Schneier et al. 1992). In 
the early developmental stages of psychopathology
(EDSP) study conducted among young German sub-
jects, the generalized subtype of social anxiety disorder
appeared to have a significantly lower median age at
onset (males: 11.5 years; females: 12.5 years) than non-
generalized social anxiety disorder (males: 14 years;
females: 15 years) (Wittchen et al. 1999).

Since there may exist inaccuracies in retrospective
self-reported age at onset (Rapee 1995), it may well be
that social anxiety disorder has an earlier age at onset
than is generally reported. Certainly, social anxiety
disorder is commonly diagnosed in children below the
age of 10 (Beidel 1991). Furthermore, unlike other
childhood fears, social fears often appear to be non-
transitory (Beidel 1999).

Age at presentation
The mean age at presentation for treatment of social
anxiety disorder appears to be about 30 years (Rapee
et al. 1988; Heimberg et al. 1990). This is perhaps earl-
ier than that of patients with other anxiety disorders
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Pelissolo 1999). For instance, differences between ICD
and DSM criteria sets as well as changes in the criteria
sets of these two classification systems may contribute
to differences found in the estimates of the prevalence
of social anxiety disorder.

Studies determining the lifetime prevalence of DSM-
III social anxiety disorder in community samples using
the Diagnostic Interview Schedule (DIS) (Robins et al.
1981), have found lifetime prevalence rates of DSM-III
(APA 1980) social anxiety disorder to range from
0.5% to 3.5% (Hwu et al. 1989; Wells et al. 1989; Lee
et al. 1990; Schneier et al. 1992; Weissman et al. 1996).
The DIS may have had a higher diagnostic threshold
than the DSM, since it requires that social anxiety 
disorder-symptoms must interfere with life and activities,
whereas DSM-III, DSM-III-R and DSM-IV require
that the anxiety symptoms cause significant distress or
are associated with significant interference in activities
(Walker & Stein 1995). In addition, the version of the
DIS used in these surveys covered only a limited range
of social fear situations (Davidson et al. 1993a; Walker
& Stein 1995; Magee et al. 1996).

More recently, studies determining the prevalence 
of DSM-III-R social anxiety disorder as assessed by the
CIDI have found considerably higher lifetime preva-
lence rates. In the National Comorbidity Survey (NCS)
(Kessler et al. 1994) DSM-III-R social anxiety disorder
had a lifetime prevalence rate of 13.3%. Using the
CIDI, Wacker et al. (1992) found lifetime prevalence
rates of 16.0% for social anxiety disorder as defined by
the DSM-III-R, and 9.6% for social anxiety disorder
as defined by the ICD-10 in a community study in
Switzerland.

As part of the EDSP study, Wittchen et al. (1999)
investigated the prevalence rate of DSM-IV social 
anxiety disorder and social fears in a community 
sample of 3021 14–24 year-old Germans by means of
a computerized version of the CIDI. The total lifetime
prevalence of DSM-IV social anxiety disorder was
7.3% and the 12-month prevalence of social anxiety
disorder for the total sample was 5.2%, indicating a
significant degree of persistence in symptoms. Social
anxiety disorder had a lifetime prevalence of 9.5% 
in females and 4.9% in males and about one-third of
the total sample met the criteria for generalized social
anxiety disorder (Wittchen et al. 1999).

A number of studies have shown that social anxiety
disorder has high prevalence rates in patients attending
general medical clinics (Fifer et al. 1994; Sherbourne 

(Amies et al. 1983; Solyom et al. 1986; Rapee et al.
1988). However, most people with social anxiety dis-
order present for treatment between 15 and 25 years
after the onset of their disorder; this is a considerably
longer duration of illness than is found in people with,
say, panic disorder (Solyom et al. 1986). This delay
could be ascribed to less public awareness of the 
disorder and treatment options. In addition, people
with social anxiety disorder may be more likely to
ascribe symptoms to intractable personality traits than
are people with other anxiety disorders (Rapee 1995).

Clinical course
Concern over social threat appears to be relatively 
stable across the lifespan (Lovibond & Rapee 1993;
Campbell & Rapee 1994). Davidson et al. (1993a)
reported a 1-year recovery rate of 27% in social anxiety
disorder at the Duke site of the ECA study. Good prog-
nostic predictors that emerged were: onset of social
anxiety disorder after age 11, absence of psychiatric
comorbidity, and higher levels of education. As part of
the longitudinal study by the Harvard/Brown Anxiety
disorders Research Project (HARP) (Reich et al. 1994a),
a sample of 140 patients with a DSM-III-R diagnosis
of social anxiety disorder was monitored on the Psy-
chiatric Status Rating, a standardized measure of the
severity of the disorder, for a period of 65 weeks. The
mean duration of illness was about 18 years, and only
39% of patients had uncomplicated social anxiety 
disorder. The probability of good outcome during the
65-week follow-up period was only 11% for complete
remission, 25% for partial remission and 43% for
minimal remission. The probability for remission was
the same for the generalized and specific subtypes of
social anxiety disorder (Reich et al. 1994b).

In summary, social anxiety disorder is unlikely to
remit spontaneously; it is a chronic condition with a
relatively stable course that typically has its onset by the
mid-teens and that has an average duration of 20 years
at the time of presentation (Davidson et al. 1993a;
Wittchen & Beloch 1996).

Epidemiology

In the past two decades, numerous studies have inves-
tigated the prevalence of social anxiety disorder. A
number of definitional as well as methodological dif-
ferences exist between the various surveys (Lépine &
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et al. 1996; Schonfeld et al. 1997). Weiller et al. (1996)
reported a lifetime prevalence rate of 14.4% and a 1-
month prevalence rate of 4.9% for DSM-III-R social
anxiety disorder in a study of 2096 consecutive primary
care patients, whereas a slightly higher prevalence rate
in DSM-IV social anxiety disorder (7%) was reported
by Stein et al. (1999) in their study of 511 primary care
patients.

Cross-cultural differences in epidemiology

A number of studies assessing DSM-III social anxiety
disorder with the DIS in East Asian countries have
reported significantly lower lifetime prevalence rates
than studies conducted in Western countries. In a
Korean study, Lee et al. (1990) found a lifetime preva-
lence of 0.53% of DIS/DSM-III social anxiety disorder
and Hwu et al. (1989) reported a lifetime prevalence of
0.6% for DSM-III social anxiety disorder in a Taiwan-
ese study. The lower rates of social anxiety disorder 
in Taiwan may, however, reflect the lower rates of 
psychiatric disorders in general in Taiwan. In a cross-
national study conducted in the US, Canada, Puerto
Rico and Korea, Weissman et al. (1996) found that the
prevalence rates of social anxiety disorder differed by
country: from 2.6% in the US to as low as 0.5% in
Korea, although there were similar rates in most coun-
tries. In addition, there were cross-national differences
in the expression of social anxiety disorder symptoms
(Weissman et al. 1996).

Differences in the cross-cultural prevalence of social
anxiety disorder may derive from cultural differences
with regard to the willingness to divulge information
assessed in structured clinical interviews. In addition,
assessment instruments such as the DIS may not be
adequately sensitized to nonWestern expressions of
psychiatric disorders such as social anxiety disorder
(Chapman et al. 1995). For instance, as noted earlier,
TKS is a psychiatric syndrome that may be quite com-
mon in East Asia (Ono et al. 1996).

Gender ratio

In epidemiological studies of social anxiety disorder 
in the general population, social anxiety disorder is
generally found to be more prevalent in women than 
in men. In the ECA study, the female : male ratio was
about 1.5 : 1, with DSM-III social anxiety disorder
having a lifetime prevalence of 3.1% of females and

2.0% of males (Schneier et al. 1992). The female :
male ratio found in the NCS was about 1.4 : 1; DSM-
III-R social anxiety disorder had a lifetime prevalence
of 15.5% among females and 11.1% among males
(Kessler et al. 1994). In general, the female : male ratio
for the lifetime prevalence of social anxiety disorder
varies between 1.5 and 2 females for 1 male. In clinical
settings, though, social anxiety disorder is more or less
equally common in males and females (Solyom et al.
1986; Rapee et al. 1988; Weiller et al. 1996). It there-
fore seems that, as is the case with other anxiety dis-
orders, females are more likely than males to suffer
from social anxiety disorder, but males may be more
likely to seek treatment.

Pathogenesis

Biological factors

Evolutionary perspective
Seligman proposed that human and nonhuman primates
may have an evolutionary predisposition to acquire
fears and phobias that once facilitated the survival of
their evolutionary ancestors (Seligman 1971). Support
for the preparedness theory has been provided by (a)
studies that indicate a higher than expected prevalence
of certain phobias (snakes, heights, places of restricted
escape) (McNally 1987) that may be related to com-
mon environmental threats to human and nonhuman
primates, and (b) the ease of conditioning fears in
humans and primates to certain specific phobic stimuli
(e.g. snakes) and not to others (e.g. flowers) (Mineka
& Zinbarg 1995). Research suggests that humans are
biologically prepared to fear angry, threatening or
rejecting faces (Öhman 1986; Öhman et al. 1989) and
scrutiny or evaluation by others (Rosenbaum et al.
1994). These social fears may have facilitated survival
of human and nonhuman primates in a dominance
hierarchy (Öhman 1986; Mattick & Lampe 1995). In
dominance hierarchies, less dominant members display
fear and submissive behaviors in the presence of more
dominant members, thereby remaining affiliated with
the group and the benefits associated with this affilia-
tion. Human blushing speculatively serves as an ana-
logue of appeasement displays in other species, so that
social anxiety disorder can be conceptualized in terms
of a false appeasement display (Stein & Bouwer 1997).
The existence of a specific social alarm would be sup-
ported if pathological absence could be found. Indeed,
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A similar proportion of social anxiety disorder and
panic disorder patients, greater than that of controls,
experience panic attacks in response to the administra-
tion of caffeine (480 mg) (Tancer et al. 1991).

Challenge studies have suggested the involvement 
of cholecystokinin (CCK) in social anxiety disorder.
McCann et al. (1997) found that pentagastrin, a CCK
agonist, produces anxiety and panic in 64% of pati-
ents with panic disorder, 47% of patients with social
anxiety disorder, and 11% of healthy controls. van
Vliet et al. (1997) found that pentagastrin was anxi-
ogenic in 71% of social anxiety disorder patients and
29% of healthy controls. Although further research is
needed to determine the mechanisms involved, these
findings suggest that the CCK system is involved in the
genesis of anxiety in both panic disorder and social
anxiety disorder. Bouwer and Stein (1998) reported
that administration of nicotinic acid (100 mg), a 
substance which induces vasodilation by increasing 
the synthesis of prostaglandins, was associated with
increased flushing, anxiety, autonomic activity and
temperature in patients with social anxiety disorder
compared with normal controls.

Studies examining the anxiogenic effects of epi-
nephrine, have shown that epinephrine challenges do 
not induce anxiety in most patients with social anxiety
disorder (Papp et al. 1988) and that the rate of epi-
nephrine induced panic attacks is the same in patients
with panic disorder and social anxiety disorder (Veltman
et al. 1996). Similarly, although it has been shown 
that sodium lactate is panicogenic in panic disorder
(Liebowitz et al. 1984), significantly fewer patients
with social anxiety disorder experience panic attacks
in response to sodium lactate when compared to patients
with panic disorder and patients with agoraphobia
with panic attacks (Liebowitz et al. 1985a).

In summary, the existing literature suggests that
patients with social anxiety disorder show hypersensi-
tivity to CO2, caffeine, pentagastrin, and nicotinic acid,
but not to epinephrine and lactate.

Neurochemistry

Dopaminergic function The increased prevalence of
social anxiety disorder in patients who later developed
Parkinson’s disease as well as the exacerbation of social
anxiety disorder in response to dopamine blockers and
the clinical observation of increased anxiety in patients
on neuroleptics, offer indirect evidence for an association

patients with Williams syndrome (a nonhereditary
genetic disorder caused by a microdeletion of the elastin
gene on chromosome 7) are characterized by a range 
of physical, behavioral, psychological and develop-
mental features including hypersociability and impaired
social judgement (Gosch & Pankau 1997; Davies et al.
1998).

Biological perspective

A number of different methodologies have been used in
the investigation of the role of neurobiological factors
in social anxiety disorder. These methodologies in-
clude: pharmacological challenge studies, naturalistic
challenges, and neuroimaging studies. Psychoneuro-
endocrine assessment studies of the hypothalamic–
pituitary–adrenal and hypothalamic–pituitary–thyroid
axes have been largely unrevealing (Potts et al. 1996;
see Mendlowicz & Stein 1999 for a review).

Pharmacological challenge studies
Various pharmacological compounds have been admin-
istered to patients with social anxiety disorder in order
to investigate provocation of anxiety symptoms. These
paradigms have also been used to investigate possible
differences between neurochemical factors in social
anxiety disorder and other anxiety disorders such as
panic disorder. Although there is still a relative paucity
of challenge studies in social anxiety disorder when
compared to other anxiety disorders, the existing liter-
ature indicates that carbon dioxide (CO2), caffeine,
pentagastrin, and nicotinic acid are anxiogenic in social
anxiety disorder and that epinephrine (adrenaline) and
lactate are not.

Patients with panic disorder have been shown to 
be hypersensitive to CO2 challenge (Gorman et al.
1984; Griez et al. 1987). In contrast, patients with
social anxiety disorder have fewer panic attacks and
less intense anxiety symptoms than patients with 
panic disorder in response to low concentrations of
CO2 (Holt & Andrews 1989). However, higher con-
centrations of CO2 (35%) may induce panic attacks 
in comparable proportions in both patient groups
(Gorman et al. 1990; Caldirola et al. 1997). The com-
mon hypersensitivity of social anxiety disorder and
panic disorder to CO2 might indicate that these dis-
orders form part of a putative panic-social anxiety 
disorder spectrum distinct from anxiety disorders with
normal sensitivity to 35% CO2 (Caldirola et al. 1997).
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between dopaminergic dysfunction and social anxiety
disorder (Liebowitz et al. 1987; Mendlowicz & Stein
1999). Using a levodopa-challenge, Tancer (1993)
failed to demonstrate differences in dopaminergic 
dysfunction in people with social anxiety disorder 
versus healthy controls. However, Tiihonen et al. (1997)
found lower striatal dopamine reuptake site densities
in people with social anxiety disorder. Furthermore,
Schneier et al. (2000) found that people with social
anxiety disorder showed significantly lower mean D2
receptor binding than controls. Notably, Rowe et al.
(1998) found evidence for an association between a
particular polymorphism of the dopamine transporter
gene (DAT1) and social anxiety disorder. Taken
together with trials showing the efficacy of MAOIs in
social anxiety disorder, these studies suggest that the
dopamine system may well play a role in mediating the
symptoms of social anxiety disorder.

Serotonergic function The effectiveness of various
serotonin reuptake inhibitors (SSRIs) in the treatment
of social anxiety disorder (e.g. van der Linden et al.
2000), seems to suggest that the serotonin system may
play a role in mediating some of the symptoms of
social anxiety disorder.

Studies examining differences between patients with
social anxiety disorder and normal controls have failed
to demonstrate differences in 5-HT2 binding to platelets.
Stein et al. (1995) reported no significant differences
between patients with social anxiety disorder, patients
with panic disorder and healthy controls in the density
and affinity of 3H-paroxetine binding sites. Similarly,
Chatterjee et al. (1997) did not find differences between
20 patients with social anxiety disorder and a normal
comparison group in platelet 5-HT2 receptor density.

On the other hand, challenge studies have provided
some evidence for serotonergic dysfunction in social
anxiety disorder. When compared to controls, pati-
ents with social anxiety disorder show a significantly
greater cortisol response to fenfluramine (a nonspecific
serotonin-releasing agent) (Tancer et al. 1994). Hollander
et al. (1998) reported that, compared to healthy con-
trols, patients with social anxiety disorder showed
increased cortisol responses to orally administered m-
chlorophenylpiperazine (m-CPP), a partial serotonin
agonist.

With regard to molecular genetics, Stein et al. (1998b)
reported no genetic link between generalized social
anxiety disorder and either the serotonin transporter

protein [5-HTT] gene or the 5-HT2 receptor gene.
However, other 5-HT receptor subtypes or indirect
modulatory effects of 5-HT on other neurotransmitters
remain to be studied (Stein et al. 1998).

Adrenergic function The presence of autonomic symp-
toms (e.g. blushing, sweating and tremor) associated
with increased activation of peripheral β-receptors as
well as the efficacy of β-blockers in treating these symp-
toms in patients with social anxiety disorder, suggest
that the adrenergic system is involved in social anxiety
disorder. A number of studies involving public speak-
ing challenges have indicated that patients with non-
generalized social anxiety disorder (but not patients with
generalized social anxiety disorder) exhibit increased
cardiovascular reactivity in response to public speaking
challenges (Heimberg et al. 1990; Hofmann et al. 1995).
Patients with social anxiety disorder also show increased
blood pressure responsivity to the Valsalva maneuver,
exaggerated vagal withdrawal in response to isometric
exercise, and a smaller immediate fall in blood pressure
upon standing (Stein et al. 1994; Coupland et al. 1995).
Abnormalities in plasma levels of epinephrine and nor-
epinephrine (noradrenaline) in people with social anx-
iety disorder have not been conclusively demonstrated.

GABA function Nutt et al. (1999) have suggested 
that gamma-aminobutyric acid (GABA) dysfunction
may be associated with social anxiety disorder. Benzo-
diazepines, which have proven efficacy in the amelior-
tion of symptoms associated with social anxiety
disorder, enhance GABA neurotransmission. However,
a recent study that investigated the effects of flumaze-
nil, a benzodiazepine antagonist on people with social
anxiety disorder, failed to show differences between
social anxiety disorder and control subjects in the rate
of panic attacks and the severity of panic symptoms fol-
lowing the flumazenil challenge (Coupland et al. 2000).
This contrasts with the situation in panic disorder where
flumazenil is highly anxiogenic (Nutt et al. 1990).

Neuroanatomy
A number of neuroimaging studies have been conducted
on patients with social anxiety disorder, providing more
information on structural and functional abnormalities
in social anxiety disorder.

Proton-localized magnetic resonance spectroscopy
(MRS) has revealed significant differences in signal-to-
noise ratios (SNRs) between patients with social anxiety
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tion analysis, cerebral blood flow patterns in patients
with social anxiety disorder were compared to patterns
previously observed in conditioned anxiety. Increases
in blood flow in the anterior cingulate and the insulae
were found in both social anxiety and conditioned
anxiety. However, increases in blood flow in the right
dorsolateral prefrontal cortex and in the left parietal
cortex were found only in social anxiety disordera
these areas involve functions associated with social
anxiety disorder namely awareness of body position as
well as planning of affective responses (Nutt et al.
1999).

Tillfors et al. (2001) conducted a symptom provoca-
tion study of 18 people with social anxiety disorder
and a healthy comparison group using 15O-water PET.
The social anxiety disorder group reported a greater
increase in subjective anxiety during public versus 
private speaking. It was found that increased anxiety
was associated with enhanced regional cortical blood
flow (rCBF) in the amygdaloid complex in socially
anxious subjects relative to healthy subjects. Interest-
ingly, subjects with social anxiety disorder showed a
decrease in rCBF whereas comparison subjects showed
an increase in rCBF during public speaking (as
opposed to private speaking) in the orbitofrontal 
and insular cortices as well as in the temporal pole. 
The increase in rCBF was also less in subjects with
social anxiety relative to the comparison group, in 
the parietal and secondary visual cortices. Increases 
of rCBF in the perirhinal and retrosplenial cortices
occurred in the comparison group but not in subjects
with social anxiety disorder. Tillfors et al. (2001)
interpreted the relatively increased cortical rather 
than subcortical perfusion in the comparison group 
as indicating that cortical evaluation may be taxed 
by public performance situations. In contrast, people
with social anxiety disorder respond to symptom 
challenge with increased subcortical activation.

In summary, functional neuroimaging studies suggest
that patients with social anxiety disorder differ from
normals with regard to the processing of social-threat
related stimuli and conditioned aversive stimuli.

Genetic risk factors
Family studies (Reich & Yates 1988; Fyer et al. 1993,
1995; Chapman et al. 1995) and twin studies (Kendler
et al. 1992) have provided evidence for a heritable
component to social anxiety disorder. Reich and Yates

disorder and healthy controls with regard to cortical
gray matter as well asato a lesser degreeasubcortical
gray matter (caudate, thalamus and putamen) (David-
son et al. 1993b; Tupler et al. 1997). In a magnetic reson-
ance imaging (MRI) study, Potts et al. (1994) found 
no significant difference between patients with social
anxiety disorder and normal controls with respect to
total cerebral, caudate, putamen and thalamic volumes,
although patients with social anxiety disorder showed
a greater age-related reduction in putamen volume.

Stein and Leslie (1996) found no significant differ-
ence between patients and healthy subjects in regional
cerebral blood flow using single photon emission 
computerized tomography (SPECT). More recently,
Van der Linden et al. (2000) studied patients with
social anxiety disorder with SPECT before and after 
an 8-week trial of pharmacotherapy with the SSRI
citalopram. Post-treatment SPECT indicated signifi-
cantly reduced activity in the anterior and lateral part 
of the left temporal cortex; the anterior, lateral and
posterior part of the left mid frontal cortex; and the 
left cingulum. Furthermore, nonresponders showed
higher activity at baseline in the anterior and lateral
part of the left temporal cortex and the lateral part of
the left mid frontal regions than responders.

Birbaumer et al. (1998) used fMRI to investigate 
differential activation of the amygdala in patients 
with social anxiety disorder and healthy controls in
response to slides of neutral faces as well as aversive
odor stimuli. Only patients with social anxiety dis-
order showed selective activation of the amygdala 
during the presentation of the face stimuli. Schneider 
et al. (1999) examined differences between patients
with social anxiety disorder and healthy controls in brain
activity in subcortical and cortical regions involved 
in the processing of negative affect during presenta-
tion of paired conditioned stimuli (neutral facial
expressions) and unconditioned stimuli (negative odor
vs. unmanipulated air). For patients with social anxiety
disorder, the presentation of neutral facial stimuli
associated with negative odor led to signal increases in
both the amygdala and hippocampus, whereas healthy
subjects showed decreases in activity in the amygdala
and hippocampus.

Bell et al. (1999) investigated neural activation using
15O-water blood flow positron emission tomography
(PET) in patients with social anxiety disorder in a
symptom provocation study. Using formal conjunc-
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(1988) found that first-degree relatives of probands
with uncomplicated social anxiety disorder had a
higher incidence of social anxiety disorder (6.6%)
than first-degree relatives of probands with panic 
disorder (0.4%) or healthy controls (2.2%). Fyer et al.
(1993) found that a significantly greater proportion of
the relatives of patients with social anxiety disorder
had social anxiety disorder (16%; relative risk = 3.12),
than did relatives of healthy controls (5%). Mannuzza
et al. (1995) reanalysed their initial family study find-
ings (Fyer et al. 1993) in order to determine whether
differences exist between generalized and nongener-
alized social anxiety disorder with regard to familial
transmission. They found that prevalence rates of
social anxiety disorder were significantly higher in
first-degree relatives of patients with generalized social 
anxiety disorder than in nongeneralized social anxiety
disorder and normal controls. Furthermore, relatives
with either generalized or nongeneralized social anxiety
disorder were more likely to have nongeneralized
social anxiety disorder (Mannuzza et al. 1995).

Similarly, Stein et al. (1998a) found that generalized
social anxiety disorder “bred true.” They found that
the rate of generalized social anxiety disorder, but not
nongeneralized or discrete (performance situations only)
social anxiety disorder was approximately 10 times
higher (26.4% vs. 2.7%) among the first-degree relatives
of probands with generalized social anxiety disorder
than among the first-degree relatives of comparison
subjects.

Furthermore, in a high risk study, Mancini et al.
(1996) found that children of adults with social anxi-
ety disorder have a higher incidence of social anxiety
disorder as well as other anxiety disorders that reported
community prevalences of these disorders (Mancini 
et al. 1995).

Although these studies have provided evidence for
familial transmission of social anxiety disorder, they
do not indicate whether such transmission is due to
genetic factors or to family environmental factors
(Hirshfeld-Becker et al. 1999). In contrast, twin studies
provide data on the relative role of genetics versus 
family environment. In a study of 654 twins who met
criteria for agoraphobia, social anxiety disorder, animal
phobia and situational specific phobia, Kendler et al.
(1992) found that the concordance rate for social 
anxiety disorder was 24.4% in monozygotic and 15.3%
in dizygotic twins. They estimated that the heritability

of social anxiety disorder was 30% and that general
familial environmental factors did not play a signific-
ant role in the transmission of social anxiety disorder.
Kendler et al. (1992) postulated that, instead, more
specific, individual life experiences may account for
nongenetic factors in the etiology of social anxiety dis-
order. More recently, Kendler et al. (1999) obtained
two assessments, 8 years apart, of lifetime history of
agoraphobia, social anxiety disorder, situational and
animal and blood-injury phobia in a community 
sample of 1708 female twins. Findings indicated that
the estimated total genetic heritability of social anxiety
disorder was 51%. It was also found that individual-
specific environmental differences, and not familial-
environmental factors, play an important role in the
etiology of social anxiety disorder and other phobic
conditions.

Transmission of general anxiety-proneness or anxiety
diathesis may play a role in the etiology of social anxiety
disorder (Barlow 1988; Rosenbaum et al. 1991;
Turner et al. 1991; Rosenbaum et al. 1994; Hirshfeld-
Becker et al. 1999). Thus, in the study by Kendler et al.
(1992), it was found that both a general risk for anxi-
ety proneness as well as disorder specific genetic risks
account for the genetic transmission of social anxiety
disorder. Further support for a general anxiety dia-
thesis in social anxiety disorder derives from studies
that found an increased risk for social anxiety disorder
in the first-degree relatives of probands with panic 
disorder (Goldstein et al. 1994; Horwarth et al. 1995).
Further research is necessary to clarify the contribu-
tion of a general anxiety diathesis and social anxiety
disorder-specific genetic risk factors in the etiology of
social anxiety disorder.

The role of temperament
Various researchers have suggested that the tem-
peramental factor, behavioral inhibition (BI) to the
unfamiliar, may predispose individuals to the develop-
ment of social anxiety disorder (Rosenbaum et al. 1991;
Hayward et al. 1998; Mick & Telch 1998; Hirshfeld-
Becker et al. 1999; Schwartz et al. 1999). Children
with BI towards the unfamiliar demonstrate retreat,
avoidance and fear, or restraint when confronted with
unfamiliar situations, objects, people or events (Kagan
et al. 1988a). Kagan and Snidman (1999) estimate that
about 20% of healthy children are behaviorally inhib-
ited towards the unfamiliar and that about a third 
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development of social anxiety disorder, namely direct 
conditioning, vicarious (or observational) learning, and
information transfer.

Some researchers have reported that about half of
patients with social anxiety disorder are able to iden-
tify a specific negative social experience (e.g. negative
performance situations or embarrassing social inter-
actions) that initiated or exacerbated the onset of 
their social anxiety (Öst 1985; Stemberger et al. 1995).
Direct conditioning may also play a role in erythro-
phobia (fear of blushing). In addition to single-trial
direct conditioning, repetitive, less dramatic noxious
experiences (e.g. teasing by peers) may also eventually
lead to social anxiety and avoidance (Beidel & Turner
1998).

Indirect or vicarious learning may also be involved
in the acquisition of social fears. Vicarious learning
involves the acquisition of fears through the observa-
tion of the fearful reaction of another person in response
to a specific stimulus or situation (Rachman 1991).
Öst and Hugdahl (1981) reported that 13% of people
with social anxiety disorder included in their study,
reported the acquisition of social fears after seeing
another person undergo traumatic social experiences.
Information transfer, in which information regard-
ing social situations is verbally or nonverbally trans-
mitted, accounted for only 3% of the acquisition of
social anxiety disorder in the study by Öst and Hughdal
(1981).

These studies have relied on retrospective recall of
traumatic events and may reflect memory biases asso-
ciated with social anxiety disorder (Mattick & Lampe
1995; Hirshfeld-Becker et al. 1999). Additionally,
numerous variables (including genetic vulnerability
and experiential factors) influence the degree to which
specific fears are conditioned and maintained (Mineka
& Zinbarg 1995).

Cognitive and behavioral factors
Cognitive–behavioral theories of social anxiety dis-
order emphasize the role of certain cognitive processes
(e.g. biases in processing social cues and performance-
related deficits, anticipatory and postevent process-
ing, self-focused attention), cognitive content (e.g. 
negative expectations, dysfunctional assumptions and
self-schemas) and behaviors (e.g. avoidance and in-
situation safety behaviors) in the maintenance of social
anxiety (Heimberg & Barlow 1991; Clark & Wells
1995; Wells et al. 1995; Otto 1999).

of these children will develop serious social anxiety.
Precursors to BI have been identified in children as
young as 4 months, although BI is usually identified
from about 2.5 years (Kagan 1997).

Longitudinal studies have provided evidence for the
preservation of these temperamental characteristics:
compared to less inhibited infants, behaviorally inhib-
ited infants are more likely to be timid, reticent and
socially avoidant throughout childhood (Kagan 1989;
Kagan 1994). Twin studies have provided evidence for
the heritability of BI (Emde et al. 1992; Robinson et al.
1992; DiLalla et al. 1994). Primate studies have con-
firmed the existence and persistence of BI similar to
that found in humans in nonhuman primates (Mineka
& Zinbarg 1995; Suomi 1997).

Mick and Telch (1998) investigated the association
between a retrospective self-report measure of BI and
anxiety symptomatology in 76 undergraduates with
social anxiety, generalized anxiety, comorbid social and
generalized anxiety, and minimal social and generalized
anxiety. They found that BI was a specific risk-factor
for social anxiety disorder, but not for GAD. Hayward
et al. (1998) reported a four-fold higher risk for devel-
oping social anxiety disorder in high-school students
with features of BI (as measured by retrospective self-
report) compared to students without BI features.

Using  the Diagnostic Interview Schedule for Children
(DISC; Costello et al. 1985) as well as behavioral
observation, Schwartz et al. (1999) assessed 79 13 year
olds who were classified as inhibited or uninhibited at
21 and 31 months (Kagan et al. 1988). They found
that adolescents who were classified as being behav-
iorally inhibited at 21 and 31 months, had a sig-
nificantly higher prevalence rate of generalized social
anxiety disorder (34%) than adolescents who were
classified as uninhibited as infants (9%). However, the
inhibited and uninhibited groups did not differ
significantly with regard to the prevalence of specific
fears, performance anxiety or separation anxiety.

It has been suggested that the increased physiolo-
gical arousal present in some children with BI could
make these children more prone to conditioning by
adverse experiences (Nickel & Uhde 1995), thereby
placing such children at greater risk for developing
social anxiety disorder (Hirshfeld-Becker et al. 1999).

Behavioral influences
From a behavioral perspective, it has been proposed
that three main processes may play a role in the 
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The anticipatory anxiety often reported by people
with social anxiety disorder, may be related to their
tendency to overestimate the possibility of negative
outcomes and to underestimate the possibility of posi-
tive outcomes for social events (Foa et al. 1996). When
people with social anxiety disorder enter into social
situations, these negative expectations lead to a hyper-
vigilance for potential signs of threat. Such attentional
biases involve a hypersensitivity to somatic reactions
that are likely to be viewed as particularly conspicuous
to others (Clark & Wells 1995). People with social
anxiety disorder also show a negative bias towards
detecting negative audience responses while disregard-
ing positive audience responses (Veljaca & Rapee 1998)
and tend to interpret ambiguous social scenarios as
negative when compared to people with other anxiety
disorders and normal controls (Amin et al. 1998).
Studies using information-processing paradigms such as
the modified Stroop task have shown hypervigilance to
social-threat related words in people with social anxiety
disorder compared to healthy controls, thus provid-
ing further evidence for threat-related information-
processing biases in this condition (Cloitre et al. 1992;
Mattia et al. 1993).

An increase in self-focused attention is also charac-
teristic of people with social anxiety disorder (Ingram
1990). When compared to healthy controls, people
with social anxiety disorder report making more nega-
tive self-evaluative comments in social or performance
situations (Stopa & Clark 1993) and devote excessive
attention to aspects of their self-representation (in-
creased public self-consciousness) (Rapee & Heimberg
1997). This self-focused attention as well as the atten-
tional focus on social threat cues seem to exacerbate
social anxiety (Woody 1996) and to contribute to
actual deficits in social performance (Stopa & Clark
1993). In addition, people with social anxiety disorder
tend to have various unconditional dysfunctional
beliefs about themselves and about social performance
and evaluation (Clark & Wells 1995). These cognitive
contents and processes result in a vicious cycle, which
has various behavioral consequences beyond single
social or performance situations.

People with social anxiety disorder tend to avoid
social situations and also tend to engage in subtle in-
situation safety behaviors (e.g. avoiding eye contact),
thereby reducing the opportunities for testing dysfunc-
tional cognitive contents, for lowering social anxiety
through continued exposure, and for improving social

skills (Clark & Wells 1995). Cognitive-behavioral
interventions are aimed at modifying those cognitive
processes and content as well as decreasing avoidance
behaviors in order to break the vicious cycle involved
in sustaining social anxiety disorder.

Diagnosis and differential diagnosis

History of social anxiety disorder diagnosis

Although there has long been an interest in studying
fears relating to social interaction (e.g. erythrophobia
athe fear of blushing in front of others), the term
“social phobia” was first used by Janet (1903) to
describe patients who feared being observed while
speaking, playing the piano, or writing. In the first and
second editions of the DSM (APA 1952, 1968), all
phobias were grouped together on the basis of the psy-
choanalytic assumption that all phobias were related
to unacceptable instinctual urges (Freud 1926, 1961).
However, on the basis of findings by Marks and Gelder
(1966) that provided evidence for considering the dif-
ferent phobias to be discrete diagnostic entities, social
anxiety disorder emerged as a distinct disorder with
the advent of DSM-III (APA 1980).

As defined in the DSM-III, social anxiety disorder
was characterized by an excessive fear of observation
or scrutiny in discrete, performance related situations
accompanied by significant distress. Patients who met
criteria for avoidant personality disorder (i.e. who
feared multiple situations) did not receive a diagnosis
of social anxiety disorder. The most deleterious effect 
of the arbitrary exclusion from social anxiety disorder
of individuals with multiple social fears, was that such
individuals were less likely to receive pharmacotherapy
for their disorder than patients who met the criteria 
for DSM-III social anxiety disorder (Liebowitz et al.
1985). Consequently, criteria for DSM-III-R (APA
1987) social anxiety disorder were revised and broad-
ened to include a generalized subtype of social anxiety
disorder. In addition, DSM-III-R social anxiety dis-
order no longer excluded individuals with avoidant
personality disorder. The subtype of social anxiety 
disorder characterized by more specific situational
fears was referred to as “nongeneralized,” “circum-
scribed,” “discrete,” or “specific” (Heimberg et al.
1993). Although the DSM-IV task force examined the
reliability and validity of alternative subtyping systems,
it was decided that more research was needed before
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losing control or going mad (Page 1994). Typically,
blushing, muscle twitching and stammering are more
commonly found in patients with social anxiety dis-
order (Amies et al. 1983; Solyom et al. 1986; Reich 
et al. 1988). Furthermore, uncued panic attacks or
nocturnal panic attacks while sleeping occur only rarely
in patients with social anxiety disorder (Heckelman 
& Schneier 1995; Stein et al. 1993). In patients with
comorbid panic disorder and social anxiety disorder,
social anxiety disorder usually precedes the onset of
uncued panic attacks by several years (Yu Moutier &
Stein 1999). Patients with social anxiety disorder gen-
erally report feeling less anxious when alone, whereas
patients with panic disorder with agoraphobia and
patients with agoraphobia generally report feeling
safer in the company of others (Heckelman & Schneier
1995). Panic disorder with agoraphobia tends to have
its onset in the mid-twenties, whereas social anxiety
disorder has an onset in the mid-teen years (Mannuzza
et al. 1990).

Avoidant personality disorder

The degree of comorbidity between avoidant personal-
ity disorder and social anxiety disorder is particularly
high, with more than half the patients with either diag-
nosis qualifying for a diagnosis of the other comorbid
condition (Reich et al. 1994a). The high degree of over-
lap may be ascribed to similarities between DSM-III-R
and DSM-IV criteria sets for these conditions. Social
anxiety disorder and avoidant personality disorder
further share onset by mid-teens and chronic and 
stable course. In addition, although intensive psycho-
therapy has traditionally been recommended in patients
with avoidant personality disorder, these patients have
been shown to respond to briefer cognitive-behavior
therapy (see Heimberg & Juster 1995 for a review) as
well as to pharmacotherapy (Liebowitz et al. 1992).

Individuals with comorbid avoidant personality 
disorder and social anxiety disorder exhibit a greater
degree of psychiatric comorbidity and social impair-
ment than people with uncomplicated social anxiety
disorder (Herbert et al. 1992). This has led to the 
proposal that social anxiety disorder and avoidant
personality form part of a single continuum of psy-
chopathology, with avoidant personality representing
a severe form of social anxiety (Schneier et al. 1991;
Herbert et al. 1992; Turner et al. 1992).

implementing changes to the DSM-III-R classification
of social anxiety disorder subtypes.

However, based on the recommendations of the
DSM-IV task force, it was decided to recognize the
continuity of social anxiety disorder from childhood
into adulthood (Beidel 1991) by including features
specific to the childhood presentation of social anxiety
disorder. In addition, DSM-IV no longer included
avoidant and overanxious disorders of childhood.

The major difference between ICD-10 and DSM-IV
criteria sets (see Table 7.1) is that the DSM-IV diagnosis
requires persistent fear of social situations, fear of
humiliation and avoidance, whereas the ICD-10 requires
only one of these criteria to be present. In addition,
ICD-10 does not consider fear of public speaking in
front of large audiences as a pathological phobic con-
dition and specifies that the fear of scrutiny should 
be related to small groups of people (and not crowds).
The DSM-IV specifies that social anxiety disorder
should be associated with significant functional impair-
ment, whereas ICD-10 does not. Furthermore, DSM-
IV includes child specifiers and ICD-10 does not.
Finally, DSM-IV does not specify somatic anxiety
symptoms associated with social anxiety disorder,
whereas ICD-10 does.

Panic disorder with agoraphobia

Avoidance of certain social situations is a common fea-
ture in panic disorder with agoraphobia, agoraphobia
without a history of panic disorder, and social anxiety
disorder. In addition, panic attacks related to interac-
tion fears may occur in social anxiety disorder. Patients
with panic disorder with agoraphobia and patients with
social anxiety disorder can, however, be distinguished
on the basis of their feared situations, their feared 
outcomes and the nature of the symptoms experienced
during panic attacks (Page 1994). In social anxiety 
disorder, social situations are directly associated with
a fear of embarrassment and negative evaluation by
others, whereas the social fears of patients with panic
disorder with agoraphobia are secondary to fears of
panic attacks and the possible consequences of such
attacks (losing control, dying, collapsing).

In addition, patients with panic disorder with agora-
phobia are more likely to experience symptoms of
paraesthesias, choking sensations, feelings of dizziness
and feelings of faintness in addition to fears of dying,
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Depressive disorders

Patients with depressive disorders (perhaps particu-
larly patients with atypical depressive disorder) may
also show symptoms of social withdrawal and social
isolation. It has been found that atypical depression
has a higher prevalence rate (54.8%) in patients with
comorbid avoidant personality disorder and social
anxiety disorder compared to patients with neither
social anxiety disorder nor avoidant personality dis-
order (31.1%) (Alpert et al. 1997).

Atypical depression is characterized by hypersensi-
tivity to rejection and criticism and has been shown to
have a preferential response to MAOIs over tricyclic
antidepressants (Liebowitz et al. 1992). However, unlike
social anxiety disorder, social avoidance in depressive
disorders is usually not associated with intense fears 
of scrutiny and negative evaluation by others. Instead,
depressed patients are usually socially withdrawn
because of anhedonia or a lack of energy. In addition,
although some people with depressive disorders ex-
perience true social fears, such fears usually co-occur
with depressive episodes and remit between depressive
episodes (Disalver et al. 1992). In cases where both a
depressive disorder and social anxiety disorder are
present, it is therefore advisable to ascertain whether a
history of social anxiety disorder predates the onset of
the depressive disorder (Heckelman & Schneier 1995).

Generalized anxiety disorder

Although patients with GAD may have worries about
social situations in addition to nonsocial worries, social
anxiety disorder can be distinguished from GAD by
the presence of significant fear of scrutiny or negative
evaluation. However, it may be necessary to conduct a
thorough diagnostic interview in order to determine
whether worries reflect underlying fears of social inter-
action, in which case a diagnosis of social anxiety dis-
order may be more appropriate. Certain symptoms may
also help to distinguish GAD from social anxiety dis-
order; patients with GAD may experience insomnia,
headaches and fears of dying more frequently than
patients with social anxiety disorder (Reich et al. 1988).

Anxiety disorder not otherwise specified

DSM-IV excludes the diagnosis of social anxiety dis-

order in patients whose social fears and avoidance is
secondary to other psychiatric illnesses (e.g. Parkinson’s
disease) or medical problems (e.g. benign tremor and
stuttering). Such “secondary social phobia” (Liebowitz
et al. 1985b) is currently classified under “anxiety dis-
order not otherwise specified” in DSM-IV. However,
patients with social anxiety secondary to disfiguring 
or disabling medical conditions experience significant
social anxiety and avoidance, and since such symptoms
have been shown to respond to the MAOI phenelzine
(Oberlander et al. 1994), clinicians should treat social
anxiety and avoidance in such patient groups (Yu
Moutier & Stein 1999).

Obsessive-compulsive disorder

Generally, it is not problematic to distinguish between
obsessive-compulsive disorder (OCD) and social anxiety
disorder. However, certain obsessions and compulsions
of patients with OCD may be associated with consider-
able social fears and social avoidance. In such cases it is
important to determine whether the manifested social
fears and avoidance behaviors are secondary to the
anxiety associated with the compulsions and obsessions
or whether fears of scrutiny and negative evaluation by
others are distinct from the symptoms of OCD.

Body dysmorphic disorder

Social anxiety disorder has relatively high comorbidity
with body dysmorphic disorder (Wilhelm et al. 1997;
Zimmerman & Mattia 1998). Clinicians must deter-
mine whether the social avoidance and fear is directly
related to the patient’s imagined defect in appearance.

Recently, it has been suggested that olfactory refer-
ence syndrome, a psychiatric condition characterized
by persistent preoccupations with body odor accom-
panied by persistent shame and embarrassment (Pryse-
Phillips 1971), shares various phenomenological
features with body dysmorphic disorder (Stein et al.
1998). However, olfactory reference syndrome may
also overlap significantly with social anxiety disorder,
in particular with culture-bound expressions of social
anxiety disorder such as TKS. Additional research is
required to determine whether olfactory reference 
syndrome can be conceptualized as lying somewhere
between social anxiety disorder and body dysmorphic
disorder.
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disorder in children with selective mutism (Dummit 
et al. 1997), i.e. the consistent failure to speak in specific
social situations but not in others, it has been sug-
gested that selective mutism may be a variant of social
anxiety disorder in children (Black & Uhde 1992). In
addition, some studies indicate that selective mutism
responds to pharmacotherapy used in treating social
anxiety disorder (Dummit et al. 1996; Golwyn & Sevlie
1999). In cases where children meet criteria for both
social anxiety disorder and selective mutism, both
diagnoses may be assigned (Albano et al. 1995). When
differentiating between social anxiety disorder and
specific phobia, it is necessary to determine whether
the child’s social fears and avoidance of social situ-
ations are associated with a fear of embarrassment and
scrutiny or negative evaluation by others. Furthermore,
children with social anxiety disorder may show more
severe impairment and higher levels of comorbid
depression than children with specific phobia (Last 
et al. 1992).

Assessment

A number of inventories and interview schedules are
available for diagnosing social anxiety disorder and
for determining the severity of the condition. Some of
these measures are presented in Table 7.2 (see pp. 111
& 112).

Comorbidity

The majority of people with social anxiety disorder
report the lifetime prevalence of at least one other 
psychiatric disorder (Schneier et al. 1992; Magee et al.
1996). Schneier et al. (1992) reported that 69% of
people with DSM-III social anxiety disorder included
in the ECA study had at least one additional lifetime
disorder. In the NCS, 81% of people with social 
anxiety disorder reported a lifetime history of at least
one additional DSM-III-R disorder (Magee et al.
1996). Interestingly, findings from the EDSP study
revealed that the high degree of comorbidity between
DSM-IV social anxiety disorder and other disorders
was mainly attributable to generalized social anxiety
disorder, whereas ORs for lifetime comorbidity were
lower in nongeneralized DSM-IV social anxiety dis-
order (Wittchen et al. 1999).

Other conditions

Although certain psychotic disorders such as schizo-
phrena and a number of schizophrena spectrum dis-
orders (such as schizotypal personality disorder) may be
associated with social fears and avoidance behaviors,
such fears and avoidance behaviors are mostly due 
to avolition or delusional fears. In contrast to people
with social anxiety disorder, people with delusional
disorders show an inability to recognize the excessive
and unreasonable nature of their fears.

Schizoid personality disorder is characterized by 
a pervasive pattern of detachment from social rela-
tionships and a restricted range of expression of 
emotions in interpersonal contexts. In schizoid per-
sonality disorder, social situations are avoided because 
of a lack of interest in interpersonal interaction. In
contrast, people with social anxiety disorder do not 
have a profound lack of interest in social contact
(indeed, they may desperately yearn for such inter-
action). Rather, people with social anxiety disorder
avoid social situations because of their intense social
anxiety.

Differential diagnosis of social anxiety 
disorder in children

Clinicians need to consider additional differential
diagnoses and developmental factors in diagnosing
social anxiety disorder in children. In order to rule out
misdiagnoses of social anxiety disorder in children
with pervasive developmental disorders or mental
retardation, it is necessary to establish that the child
displays the capacity for age-appropriate social inter-
action and interpersonal relationships. For instance,
Asperger’s disorder is characterized by marked impair-
ment in social interaction. However, in contrast to
social anxiety disorder, children with Asperger’s dis-
order do not display the capacity for age-appropriate
social interactions. Furthermore, the social avoidance
and social fears must not be transient shyness or fear of
negative evaluation by others associated with a par-
ticular developmental stage (i.e. symptoms must have
a duration of at least 6 months). It is also necessary to
establish that the social fears and avoidance behaviors
do not occur only in relation to interaction with adults,
but also occur in peer settings.

In the light of the high prevalence of social anxiety
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SOCIAL ANXIETY DISORDER

Anxiety disorders

Other anxiety disorders are frequently comorbid with
social anxiety disorder. In their analysis of the ECA
data, Schneier et al. (1992) reported that the anxiety
disorders with the highest increased rates of co-
occurrence with social anxiety disorder were agora-
phobia (OR = 11.81), simple phobia (OR = 9.44) and
obsessive compulsive disorder (OR = 4.36). In patients
with DSM-III social anxiety disorder, the most com-
monly occurring comorbid conditions were simple
phobia (59%) and agoraphobia (44.9%) (Schneier 
et al. 1992).

Similarly, Magee et al. (1996) reported that people
with DSM-III-R social anxiety disorder included in 
the NCS had a higher risk for having any other anxiety
disorder in their lifetime than for developing any 
substance abuse, dependence, or mood disorder. In
addition, the disorders with the highest increased 
rate of co-occurrence with social anxiety disorder 
were agoraphobia (23.3%; OR = 7.06) and simple
phobia (37.6%; OR = 7.75). In 46.5% of those 
with agoraphobia and 44.5% of simple phobia had 
a lifetime prevalence of DSM-III-R social anxiety 
disorder. Social anxiety disorder generally precedes 
agoraphobia, whereas simple phobia and social 
anxiety disorder both seem to have relatively early ages
at onset (Magee et al. 1996). The lifetime prevalence
rate of GAD in DSM-III-R social anxiety disorder
patients included in the NCS was 13.3% (OR = 3.77)
(Magee et al. 1996). Although comorbidity rates as
high as 32% have been found for GAD and social 
anxiety disorder (Yonkers et al. 1996), other clinical
studies have not found significant associations
between GAD and social anxiety disorder (Lecrubier
& Weiller 1997).

Mood disorders

A number of community and clinical studies have found
that social anxiety disorder is significantly comorbid
with mood disorders (Schneier et al. 1992; Lecrubier
& Weiller 1997; Kessler et al. 1999). Social anxiety
disorder and avoidant personality disorder have high
prevalence rates among patients with major depressive
disorder (MDD) and dysthymia (Sanderson et al. 1990,
1992, 1994; Magee et al. 1996). As mentioned earlier,
social anxiety disorder may well have a particularly

strong relationship with atypical depression (Mannuzza
et al. 1995; Alpert et al. 1997).

Schneier et al. (1992) found increased rates of co-
occurrence between DSM-III social anxiety disorder and
dysthymia (12.5%; OR = 4.3), bipolar disorder (4.7%;
OR = 4.09) and major depressive disorder (16.6%;
OR = 4.41). Of people with social anxiety disorder
included in the NCS study, 41.4% (OR = 3.74) reported
the lifetime prevalence of any other mood disorder.
Major depressive disorder was found to occur in 37.2%
(OR = 3.65) of people with social anxiety disorder and
dysthymia was found to occur in 14.6% (OR = 3.15)
(Magee et al. 1996). More recently, Kessler et al.
(1999) reported that the ORs between social anxiety
disorder and lifetime mood disorders are 2.9 for major
depression, 2.7 for dysthymia, and 5.9 for bipolar dis-
order. In addition, pure public speaking social anxiety
disorder was associated with lower ORs than other
forms of social anxiety disorder, indicating that the
type of social fear as well as the number of social fears
influence comorbidity with other disorders.

In the majority of patients with social anxiety 
disorder and comorbid mood disorder, social anxiety
disorder comes before the mood disorder (Schneier 
et al. 1992; Merikangas et al. 1996; Regier et al. 1998).
Schneier et al. (1992) found that social anxiety disorder
comes before the mood disorder in 70.9% of social
anxiety disorder patients included in the ECA study. 
In an analysis of NCS data, Kessler et al. (1999) also
found that social anxiety disorder preceded comorbid
mood disorders in 68.5% of respondents, whereas
21.9% of respondents reported social anxiety disorder
temporally secondary to mood disorders. In 9.6% of
respondents, social anxiety disorder and mood dis-
orders had an onset in the same year. Social anxiety
disorder was temporally primary in 71.9% of patients
with comorbid major depression and 76% of patients
with comorbid dysthymia; however, onset of social
anxiety disorder preceded the onset of bipolar disorder
in only 47% of respondents with comorbid bipolar
disorder (Kessler et al. 1999). In addition, Kessler 
et al. (1999) also found that temporally primary social
anxiety disorder was associated with severity and per-
sistence of comorbid mood disorders, a finding consis-
tent with earlier studies (Alpert et al. 1997). The data
indicate that social anxiety disorder is an extremely
important risk factor for developing major depressive
disorder.

113



Social and economic impact

A number of factors contribute to the morbidity 
associated with social anxiety disorder. Social anxiety
disorder has a relatively early onset and chronic course
and patients with social anxiety disorder often develop
comorbid conditions such as depression and substance
abuse. Furthermore, the symptoms of social anxiety
disorder intrinsically affect social interactions and
relationships in a range of settings.

In an important paper, Schneier et al. (1994) used
the Disability Profile and the Liebowitz Self-Rated
Disability Scale, two disorder measures of current and
lifetime functional impairment in social anxiety disor-
der to investigate functional impairment in 32 patients
with social anxiety disorder and 14 controls. More
than half of the patients with social anxiety disorder
reported at least moderate impairment at some time in
their lives of this was due to social anxiety and avoid-
ance in a number of domains, including education,
employment, family relationships, marriage/romantic
relationships, friendships/social network, and other
interests. Patients with social anxiety disorder were
more impaired than normal controls on both the 
clinician-rated and well as the patient-rated scales.

People with social anxiety disorder are significantly
more likely to report troubled relationships or dissatis-
faction with interpersonal relationships (Schneier et al.
1994; Stein & Kean 2000). People with social anxiety
disorder are also more likely to be unmarried (Schneier
et al. 1992; Magee et al. 1996). Furthermore, elevated
rates of social anxiety disorder have been reported in
widowed, separated or divorced subjects (Lépine &
Lellouch 1995).

Wittchen and Beloch (1996) compared 65 patients
meeting DSM-III-R social anxiety disorder-criteria
and 65 matched controls (patients with a history of
herpes infection as a control for chronicity of illness)
on the Social Function Survey (SF-36), a 36-item ques-
tionnaire developed for the Medical Outcomes Study
(Ware et al. 1994). Patients with social anxiety dis-
order had significantly lower quality of life, particularly
in the domains of mental health, general health, vitality,
role limitations and social function. Differences between
people with social anxiety disorder and matched con-
trol subjects on the subscales of the SF-36 are shown in
Fig. 7.1.

On scores for mental health, 23.1% of patients 
with social anxiety disorder were severely impaired

Substance use disorders

Community studies have generally found high preval-
ence rates of substance abuse dependence, particularly
alcohol abuse/dependence, in respondents with social
anxiety disorder. In an analysis of the ECA data,
Schneier et al. (1992) found a lifetime prevalence rate
of 18.8% (OR = 2.20) for alcohol abuse and 13.0%
(OR = 2.85) for drug abuse in people with social anxi-
ety disorder. In the NCS study, 39.6% (OR = 2.01) of
respondents with social anxiety disorder reported the
presence of a lifetime substance use disorder with
23.9% (OR = 2.17) reporting lifetime alcohol depend-
ence and 10.9% (OR = 1.20) reporting alcohol abuse
(Magee et al. 1996). In addition, 14.8% (OR = 2.56)
of respondents with social anxiety disorder reported
drug dependence and 5.3% (OR = 1.24) reported drug
abuse (Magee et al. 1996). In a study by Regier et al.
(1998), it was found that 14.3% of respondents with
social anxiety disorder reported having a comorbid
substance use disorder and that 6.2% of respondents
with substance use disorders reported having comor-
bid social anxiety disorder in a 1-year period.

In clinical settings, the rates of substance use disor-
ders have been somewhat lower than in community
surveys, varying between about 2% (Turner et al.
1991, 1992; Herbert et al. 1992) and 16% (Schneier 
et al. 1989).

Social anxiety disorder is usually temporally primary
to substance use disorders (Schneier et al. 1992; Magee 
et al. 1996; Regier et al. 1998). Schneier et al. (1992)
reported that social anxiety disorder preceded alcohol
abuse in 85% and drug abuse in 76.7% of community-
based respondents with these comorbid conditions.
Conversely, Magee et al. (1996) found that alcohol
dependence or abuse was temporally primary in only
6.4% of community-based respondents with comorbid
social anxiety disorder, and drug dependence or abuse
in only 3.8% of respondents.

A recent study investigating the effects of alcohol
versus placebo utilizing a public-speaking challenge
showed that alcohol does not directly reduce social
anxiety in patients with social anxiety disorder, although
the belief that one has received alcohol was associated
with a reduction in social anxiety (Himle et al. 1999).
Indeed, patients with social anxiety disorder may be
more prone to develop substance use disorders, since
they may attempt to self-medicate their social anxiety
with such substances.

CHAPTER 7
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SOCIAL ANXIETY DISORDER

and 24.6% were significantly impaired, whereas only
4.5% of controls were impaired. In addition, patients
with social anxiety disorder showed a reduction in
work productivity of around 12% compared with
control subjects; 11% of patients with social anxiety
disorder (vs. 3% of controls) were unemployed and
23% reported that social anxiety disorder symptoms
were associated with substantially impaired work 
performance. Patients with social anxiety disorder
indicated that the worst affected areas of functioning
were partner and family relationships, education and
career development, and household or work manage-
ment as measured by the Liebowitz Self-Rated Disabil-
ity Scale.

Bech and Angst (1996) reported on the quality of life
of people with DSM-III social anxiety disorder drawn
from a community study originally conducted in 1978
in Zurich (Angst et al. 1984). The quality of life of 
people with social anxiety disorder and people with
subthreshold social anxiety disorder as measured by the
Zurich Quality of Life Scale, was significantly poorer
than people with mood disorders or other anxiety dis-
orders such as panic disorder. The domains of quality
of life that were most affected were work, relation-
ships (partners and friends) and retrospective percep-
tions of childhood (Bech & Angst 1996). In the EDSP
study (Wittchen et al. 1998) conducted in Munich
among adolescents and young adults, it was found that

social anxiety disorder had a considerable impact on
work, school and household management.

Despite the high level of impairment, patients with
social anxiety disorder are less likely than people with
other anxiety disorders (e.g. agoraphobia) to seek help
for their psychiatric problems. In the Duke ECA study,
it was found that although 32.6% of the respondents
with social anxiety disorder reported having seen 
their physicians for psychological problems, only 3%
reported seeking help for social anxiety (Davidson 
et al. 1993a). Similarly, in the NCS, when people with
social anxiety disorder were compared to people with
agoraphobia, it was found that significantly fewer 
people with social anxiety disorder had sought profes-
sional help (19% vs. 41%) or had ever used medica-
tion (6.2% vs. 21.6%) (Magee et al. 1996). Similar
results have been obtained in clinical settings. As 
part of the WHO’s study on psychiatric disorders 
in primary care, Weiller et al. (1996) assessed 2096
patients with the General Health Questionnaire (GHQ;
Goldberg & Williams 1988) and conducted structured
diagnostic interviews with 405 patients. Compared 
to patients without social anxiety disorder, patients
with social anxiety disorder had higher scores on the
GHQ, more alcohol-related problems, and a greater
tendency to have suicidal ideation. Despite these 
problems, only 5% of patients with uncomplicated
social anxiety disorder consulted their physicians for
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Fig. 7.1 Comparison of SF-36
dimensions of quality life in patients
with social anxiety disorder and
matched controls. Healthy controls,

Social anxiety disorder. (Adapted
with permission from Wittchen &
Beloch 1996, p. 19.)



less than a quarter of costs associated with anxiety 
disorders were for the treatment of these disorders,
whereas three-quarters of costs were attributable to
lost or reduced work productivity. Compared to con-
trols, people with social anxiety disorder are more
likely to be unemployed, show reduced work per-
formance and are more absent from work due to social
anxiety disorder (Wittchen et al. 2000; Katzelnick 
et al. 2001).

Conclusion

Social anxiety disorder had the third highest lifetime
prevalence rate of all psychiatric disorders in the NCS
(Kessler et al. 1994). This disorder has been shown 
to have high degrees of comorbidity with other psy-
chiatric disorders and leads to considerable functional
impairment. There is a growing body of data on the
pathogenesis of social anxiety disorder, and an inte-
grated account that incorporates neurobiological, tem-
peramental, cognitive-behavioral, and cultural factors
is gradually being consolidated. Fortunately, there is
also growing evidence that certain pharmacological
and psychotherapeutic interventions can be effective in
the management of this disorder; it is therefore crucial
that the current underrecognition and undertreatment
of this disorder are tackled.
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Sleep Aspects of Anxiety Disorders
T.A. Mellman

less encumbered by direct environmental influence,
relative to wake behaviors. Normal sleep features a
well-characterized progression of discrete psychophy-
siologic states. Basic aspects of the neuroanatomical
and neurochemical regulation of these states are
known. Thus, investigations utilizing sleep as a “win-
dow” into psychopathologic conditions has been the
most extensively applied in researching depression.
Studies of sleep in depression have evaluated endocrine
secretion, response to neurochemical challenges and,
recently, functional brain activation, in addition to the
most common method, polysomnography (PSG) (Gillin
et al. 1984). In the anxiety disorders, with the exception
of a limited number of challenge studies, the labora-
tory methodology has been limited to PSG.

PSG studies of anxiety disorders provide informa-
tion regarding measurable objective disturbances in
sleep initiation and maintenance, as well as the pres-
ence of primary sleep pathology. PSG studies also
address the structure of sleep (e.g. sleep architecture
which usually refers to the percentage of sleep com-
prised of specific sleep stages, and the timing and 
intensity of rapid eye movement [REM] sleep). These
parameters can be informative as to the function of the
neurobiological systems implicated in sleep regulation
that are also important to the regulation of mood and
arousal (i.e. locus coeruleus, pontine cholinergic nucleii;
noradrenergic and cholinergic activity). A more unique
focus in panic and post-traumatic stress disorders,
relates to the core paroxysmal events that can manifest
in relation to sleep (e.g. panic attacks, nightmares). The
goal for the remainder of the chapter, is to review and
summarize the current state of knowledge of subjective
complaints, PSG evaluations of sleep disturbances and
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Introduction

Other chapters in this volume document the consider-
able recent advances in delineating phenomenology,
probing pathophysiology, and the development of
effective treatments for anxiety disorders. There has
been parallel progress in advancing the nosology, 
basic understanding and treatment efficacy for sleep
disorders. Disorders of sleep, most notably insomnia, 
and anxiety appear to have considerable overlap.
Insomnia populations typically manifest anxiety. Sleep
disturbances are included among the diagnostic fea-
tures of two of the six categories for anxiety disorders
in the Diagnostic Statistical Manual, fourth edition
(DSM-IV; American Psychiatric Association [APA]
1994)apost-traumatic stress disorder and generalized
anxiety disorderaand are commonly associated with
others (e.g. panic disorder). Interventions designated
as targeting insomnia and other sleep disorders and
those targeting worry, tension and other manifesta-
tions of anxiety often employ similar approaches (e.g.
relaxation, cognitive restructuring, benzodiazepine
medications).

There are also theoretical links between anxiety 
and sleep disorders. Sleep is a necessary and restorative
state of diminished cortical arousal. Anxiety and fear
states manifest with heightened cortical and peripheral
arousal. Increased arousal is also implicated when sleep
initiation or maintenance are disturbed. Thus, insights
on mechanisms of arousal regulation would be dually
applicable to anxiety and sleep disorders (and their
overlapping features).

Sleep has been a productive focus for biologically
orientated research of psychiatric conditions. Sleep is

8



Sleep in generalized anxiety disorder

Sleep disturbance, further defined as difficulty initiat-
ing or maintaining sleep, or sleep that is restless and
unsatisfying, is one of the six features that are associ-
ated with chronic worry in the DSM-IV criteria for
generalized anxiety disorder (GAD) (three are needed
to establish a diagnosis). Two of the other features,
fatigue and irritability, can be consequences of sleep
loss. The core cognitive feature of GAD, “excessive
worry (apprehensive expectation)” is commonly im-
plicated in the genesis and maintenance of insomnia
problems. The several PSG studies of GAD support the
occurrence of impaired initiation and maintenance of
sleep relative to healthy controls. These studies also
provide evidence that GAD can be differentiated from
major depression in terms of not being associated with
a reduction in the latency to REM sleep (Papdimitriou
et al. 1988; Arriaga & Paiva 1990; Saletu-Zyhlarz 
et al. 1997). Thus, despite the frequent comorbidity of
GAD and major depression, a well-established marker
of endogenous major depression does not appear 
characteristic of GAD.

The overlap of issues that appear to underlie GAD
and chronic insomnia appears to be relevant to inter-
vention. There is documentation of utilizing the same
benzodiazepine treatment to target comorbid GAD
and insomnia, and evidence for differential combined
efficacy related to the active duration of the agents
(Saletu et al. 1994). The potential efficiency of inte-
grating psychotherapeutic interventions that target
excessive generalized worries, and worries about sleep,
warrants exploration.

Sleep in panic disorder

Sleep complaints appear to be a salient feature of panic
disorder. Clinical data document a high frequency of
sleep complaints in panic disorder populations. Panic
attacks, which are the core feature of the disorder, 
can emerge directly from sleep. Panic attacks in panic
disorder generally feature sudden episodes of severe
anxiety that at times occur unpredictably, including
under circumstances where arousal is not increased or
is diminished. This illness phenomenology is suggest-
ive of disturbed mechanisms of arousal regulation.
Thus, there is a conceptual link between panic disorder
and sleep regulation, which involves a discrete pro-
gression of states of diminished arousal.

structure, and symptomatic events that occur in rela-
tion to sleep among the anxiety disorders.

Sleep in specific and social phobias

The key feature of phobic disorders is fear and avoid-
ance of situations. As these situations are encountered
in the environment when awake, sleep disturbances
are not typically considered core or commonly associ-
ated features of these conditions. Agoraphobia when it
occurs with panic disorder is an exception that will be
considered later. It is possible that individuals with
phobic disorders experience anticipatory anxiety that
would impact on their sleep and dreams. In fact, the
one report identified that specifically focused on sub-
jective sleep in patients with social phobia found reports
of poorer sleep quality, longer sleep latency, and more
frequent sleep disturbance and daytime dysfunction
compared to controls (Stein et al. 1993c). The one pilot
study of social phobia identified utilizing PSG, how-
ever, reported normal findings (Brown et al. 1994).

Investigations relating sleep to specific phobias are
also quite limited. Sleep architecture was not found 
to be different in depressed patients with and without
simple phobias (the term that predated DSM-IV)
(Clark et al. 1995). A study investigating parasomnias
(sleep terrors and sleepwalking) in adolescents found
increased comorbidity with simple phobias as well as
other anxiety disorders (Gau & Soong 1999).

Sleep in obsessive-compulsive disorder

Similar to the nonpanic phobic disorders, neither the
core syndromal manifestations nor prominent associ-
ated features of obsessive-compulsive disorder (OCD)
include sleep disturbances. Reasons to consider sleep
aspects of OCD include sleep disturbance as an index
of general distress, and a means of evaluating biological
relationships with major depression. An early study
that employed PSG did find evidence for impaired
sleep maintenance, as well as reduced latency to REM
sleep in a group with OCD. These findings were pre-
sented as supporting a link between OCD and affective
illness. A majority of these cases were reported to 
feature histories of abnormal sleep patterns (Insel et al.
1982). Two more recent PSG studies of OCD patients
have not replicated these findings and have concluded
sleep patterns of OCD patients are essentially normal
(Hohagan et al. 1994; Robinson et al. 1998).
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Survey studies document increased complaints of
insomnia in panic disorder patients compared to 
control populations (Mellman & Uhde 1989a; Stein 
et al. 1993a). Most PSG studies (Lydiard et al. 1989;
Mellman & Uhde 1989b; Arriaga et al. 1996; Sloan 
et al. 1999), but not all (Stein et al. 1993b; Uhde et al.
1984) have found decreased sleep efficiency and sleep
duration with panic disorder. Greater motor activity
during sleep as evidenced by increased epochs of move-
ment time has also been reported with panic disorder
(Uhde et al. 1984). The two studies not finding impaired
sleep duration and maintenance are noteworthy for
specifying exclusion of comorbid depression. Survey
data noted a high correlation of sleep complaints and
depression comorbid with panic disorder (Stein et al.
1993b). This suggested relationship and possible de-
pendence of sleep disturbance on depression with panic
disorder can be interpreted in several ways. The most
straightforward is that much of the associated sleep
disturbance is a function of depressive illness that is
commonly comorbid with panic disorder. However, at
least one of the “positive” studies excluded depressive
illness and it is not clear that depression accounts for all
of the sleep disturbance documented in the remaining
positive studies. Another consideration is that depres-
sion may serve as a marker of a more severe variant 
of panic disorder. A third possibility is that depression
is more likely to evolve as a comorbid condition when
panic disorder features disturbed sleep.

Several surveys and studies of populations with
panic disorder have documented the occurrence of
panic attacks emerging from sleep as a not uncommon
feature of the disorder. Eighteen percent of panic attacks
were found to occur during sleep hours (Taylor et al.
1986) and 33–71% of panic disorder populations
report sleep panic (Craske & Barlow 1989; Mellman
& Uhde 1989a; Krystal et al. 1991; Shapiro & Sloan
1998). These episodes are often described as being
awakened “like a jolt” out of sleep with the experience
of apprehension and somatic symptoms that are also
characteristic of panic attacks from wake states. Two
studies have captured the occurrence of sleep panic
attacks with PSG recording. The two studies were con-
sistent in reporting that the sleep panic attack episodes
were preceded by either stage 2 or stage 3 sleep (Hauri
et al. 1986; Mellman & Uhde 1989b). This association
can be further understood as suggesting a relationship
between diminishing arousal during nonREM sleep (i.e.
transition into early slow wave sleep) and the onset of

sleep panic attacks. The paradoxical triggering of panic
from states of diminished arousal has been suggested
to have implications regarding the nature of panic dis-
order. It is more straightforward to conceptualize
crescendo-like occurrences of severe anxiety evolving
from states of already heightened arousal (e.g. when
encountering a feared situation). Sleep panic attacks
would therefore seem to implicate a more endogenous,
physiological mechanism for triggering anxiety. Specific
mechanisms that have been proposed include sensitiv-
ity to subtle increases in blood carbon dioxide levels
(Klein 1993) and irregular breathing (Stein et al. 1995)
during slow wave sleep, and a rebound increase of
noradrenergic activity (Mellman & Uhde 1989b; Sloan
et al. 1999). Data have also been elicited in support 
of a role for cognitive factors related to sensitivity to 
interoceptive stimuli (Craske & Barlow 1989).

Clinical implications of sleep panic include recogni-
tion of their status as a not uncommon component 
of the disorder and not necessarily indicative of an
additional medical condition. (One should nonetheless
be thorough and there have been cases reported where
sleep panic occurred in association with sleep breath-
ing disorders: Enns et al. 1995.) Reports of sleep panic
being associated within panic disorder populations
with early illness onset, higher symptom load, depres-
sion and suicidal ideation are collectively suggestive 
of their marking a more severe variant of the illness
(Krystal et al. 1991; Labbate et al. 1994). Preliminary
observations support that sleep panic attacks are
responsive to antidepressant/antipanic medications
(Mellman & Uhde 1990).

The link to salient clinical phenomenology in panic
disorder to sleep appears to have influenced the devel-
opment of research that utilizes sleep states as a means
of reducing the influence of cognitive expectancy and
environmental stimuli. Koenigsberg and colleagues have
demonstrated elicitation of panic attacks from slow
wave sleep by caffeine infusions. That the more fully
elaborated attacks were preceded by a period of lighter
sleep prior to awakening was suggested to support 
a mixture of physiological and cognitive influences 
on sleep panic (Koenigsberg et al. 1998). This group
has also demonstrated greater cardiac and respiratory
response to lactate infusion during sleep (Koenigsberg
et al. 1994). Subgroups with sleep panic have also been
shown to demonstrate greater heart rate variability
during nonREM sleep consistent with sympathetic/
noradrenergic activation (Sloan et al. 1999).
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of sleep disordered breathing and sleep movement 
disorders.

It seems intuitive that sleep would be disrupted in
the acute aftermath of trauma and that common
sequellae of sleep loss would contribute to the symp-
tom profile of PTSD. PSG studies from more acute
stages of trauma response are very limited. However,
PSG findings from three acute combat fatigue cases
were described to include marked fragmentation of
sleep (Schlosberg & Benjamin 1978). In a study con-
ducted 6–8 months after a natural disaster, subjects
with PTSD did demonstrate some tendencies toward
impaired sleep continuity (Mellman et al. 1995a). In
our recent, presently unpublished, study of severely
injured patients recorded within a month of the 
traumatic incident, sleep duration and maintenance did
not differ between injured subjects developing versus
not developing PTSD.

The prominence and specificity of nightmare com-
plaints in PTSD and the strong association of the REM
state and dream mentation (Foulkes 1962) has focused
interest on REM sleep variables. The variance between
the “stereotypic, replicative” nightmare in PSTD (Ross
et al. 1989) and the more typical REM-related dream
report which features mixtures of past and present,
and does not conform to actual memories (Dow et al.
1996; Hobson et al. 1998) is also an issue of interest.

Nightmares in PTSD subjects have been reported in
association with both REM and nonREM sleep stages
(van der Kolk et al. 1984; Kramer & Kinney 1988).
The preponderance of reports, however, suggests that
PTSD nightmares most typically arise from REM sleep
(Hefez et al. 1987; Ross et al. 1994a; Mellman et al.
1995b; Woodward 2000). Overall studies have not
revealed consistent abnormalities regarding the timing
or amount of REM sleep in PTSD (Hefez et al. 1987;
Glaubman et al. 1990; Ross et al. 1994a; Dow et al.
1996; Mellman et al. 1997). Two studies of combat
veterans with chronic PTSD have reported increases in
the frequency of eye movements within REM periods
(REM density) (Ross et al. 1994a; Mellman et al. 1997).
Increased phasic muscle activation during REM sleep
with PTSD has also been reported (Ross et al. 1994b).
Symptomatic awakenings with and without dream recall
were found to more commonly have been preceded by
REM than other sleep stages (Mellman et al. 1995b).
These observations preliminarily suggest greater arousal
during REM sleep and the possibility of REM sleep
sometimes being disrupted with chronic PTSD.

Sleep in post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) features two
distinct (albeit possibly inter-related) types of sleep
complaints. These are denoted in the diagnostic 
criteria for the disorder by nightmares that replicate
traumatic events, and impairment in initiating and
maintaining sleep. Thus, there are two main domains
of sleep disturbance in PTSD, one featuring insomnia
categorized as an arousal symptom, and the other
relating to patterns of memory activation and recall
from sleep. Survey studies confirm that insomnia 
complaints are very common symptoms of PTSD;
however, nightmares are more specific manifestations
of the disorder (Green 1993; Neylan et al. 1998).
Clinical and survey data further suggest that sleep
manifestations of heightened arousal in PTSD also
include excessive motor activity and awakenings with
somatic anxiety symptoms (Inman et al. 1990; Mellman
et al. 1995b).

Almost all of the initial PSG studies of PTSD sub-
jects have featured male combat veterans during a
chronic phase of the disorder. Findings are mixed with
respect to the presence of impaired sleep initiation 
and maintenance. Several studies reported reduced
sleep time or efficiency, or increased awakenings in 
the PTSD patients (Hefez et al. 1987; Glaubman et al.
1990; Mellman et al. 1995b; Dow et al. 1996). In 
other studies measures of sleep maintenance did not
differ between PTSD patients and controls (Dagan 
et al. 1991; Ross et al. 1994a; Hurwitz et al. 1998). A
“paradoxical” finding of increased thresholds to arouse
from sleep to white noise have also been reported and
replicated (Dagan et al. 1991; Lavie et al. 1998). There
are two published studies that tend to corroborate the
complaint of excessive motor activity by documenting
frequent limb or gross body movement during sleep
(Mellman et al. 1995b; Brown & Boudewyns 1996).
Several of the aforementioned studies have found sub-
groups of PTSD patients to have evidence of sleep
breathing disorders. In a recent study of civilian 
PTSD sleep breathing disorders were present in all but
four of the 44 subjects (Krakow et al. 2001). Thus
studies of chronic PTSD present a somewhat confusing 
and contradictory picture. Questions raised include
why there are negative PSG findings in subgroups 
with prominent sleep complaints, what accounts for
the deeper sleep suggested by the arousal threshold
data, and the true base rates, and causal relationships
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With respect to the limited available information on
REM sleep activity in the acute aftermath of trauma,
the aforementioned case study of combat fatigue noted
very brief periods of REM sleep. In our recent study 
of early trauma reactions, the group that manifested
PTSD symptoms 2 months after the trauma (approxim-
ately 1 month after the PSG recording) had a greater
number of discrete REM periods and shorter average
duration of continuous (uninterrupted) REM sleep.
Thus the development of PTSD was associated with 
a more fragmented REM sleep. Consistent with the
diagnostic criteria, the group with PTSD was also more
likely to report recall of disturbing dream content that
was similar to the traumatic incident (Mellman et al.
2001). While preliminary, the data suggest that the
development of PTSD may be contributed to by activa-
tion of relatively unaltered memories of the traumatic
event and a more fragmented pattern of REM sleep.
These findings are also suggestive of the possibility of
adaptive functions for (less disrupted) REM sleep in
emotional adaptation that has been supported by
other research (Cartwright et al. 1991).

Summary and conclusions

In the preceding sections, associations of each anxiety
disorder with sleep complaints, the evidence for sleep
disturbances from PSG studies, conceptual links between
anxiety, sleep and arousal regulation, and investigations
of sleep in anxiety that are focused on mechanisms
were reviewed. The main findings are also summarized
in Table 8.1. Common themes are discussed and inte-
grated in this closing section.

The introduction pointed out the overlap of phe-
nomenology, conceptual frameworks, and treatment
between anxiety disorders and insomnia. Clinical sur-
veys of social phobia, GAD, panic, and PTSD docu-
ment associations with subjective reports of difficulty
with sleep initiation and maintenance, and/or non-
restorative sleep. These associations are incorporated
into the DSM-IV diagnostic criteria for GAD and
PTSD. Studies specifically relating specific phobias and
OCD to insomnia were not identified in a Medline
search. The not infrequent occurrences of panic attacks
and re-experiencing trauma from sleep are also of clin-
ical significance.

There are a number of implications of these relation-
ships for clinical management. The first is recognition

of the likelihood of many cases of anxiety disorders
experiencing distress about sleep disturbance and 
that sleep loss and disruption may be exacerbating
daytime symptoms. Interventions specifically targeting
insomnia such as sleep hygiene education and/or use of 
hypnotic medications may be useful to include in the
management of many patients with anxiety disorders.
The overlap of interventions for anxiety and insomnia
suggests potential therapeutic efficiencies. For example,
the approach of addressing maladaptive cognitions that
is widely utilized in anxiety disorder treatment, has also
been demonstrated to be useful for treating insomnia
(Edinger et al. 2001). Medications that are marketed
for insomnia versus anxiety are typically from the
same therapeutic class. In addition to benzodiazepines
and related novel compounds, antidepressants that 
are increasingly considered first-line interventions for
chronic anxiety disorders can directly benefit sleep.
Direct sleep effects of antidepressant medication vary,
however (Rush et al. 1998).

A challenge to a more straightforward interpreta-
tion of relationships of anxiety and insomnia has been
the somewhat inconsistent documentation of shortened,
or otherwise disrupted or altered sleep patterns by PSG
studies. This discrepancy is not unique as insomnia liter-
ature also has long documented discrepancies between
subjective sleep complaints and objective findings. A
recent study that utilized modern techniques for ana-
lyzing EEG frequency spectra provides a novel per-
spective on subjective-objective discrepancies regarding
sleep. The relative power for beta frequency (a relatively
high frequency spectra reflecting greater cortical arousal)
was increased in association with the degree of “sleep-
state misperception” (Perlis et al. 2001). The one study
identified that applied this technology to an anxiety
disorder suggests complex relationships of cortical
arousal during sleep and chronic PTSD. The patients
did exhibit greater power for beta frequencies in REM
relative to nonREM sleep, compared to the controls
(Woodward et al. 2000).

Another issue that might relate to the variable pres-
ence of objective sleep disturbance on PSG studies is
the potential effect of the laboratory environment.
Conditioned apprehension related to environmental
cues is a feature of insomnia and anxiety disorders.
Thus, the absence of typical environmental stimuli 
and the safety of being observed might bring about a
salutary effect of a laboratory environment in some
cases. Finally, it may simply be that it is a subset of
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viewed with greater skepticism during previous decades.
Reduced latency to the onset of REM sleep is one of 
the best-established “markers” of major depression,
particularly the melancholic subtype (Gillin et al.
1984). With a few exceptions that have been subse-
quently contradicted, the studies have demonstrated
that reduced REM latency is not a feature of primary
anxiety disorders. One might further postulate that
mechanisms inferred to be related to reduced REM
latency in major depression such as a phase advance
mechanism and/or cholinergic hypersensitivity are not
similarly applicable to anxiety disorders, individually,
or as a group. Another parameter where mood and

patients, and a subset of those who perceive sleep dis-
turbance, manifest measurable physiological indices of
sleep disruption. These subgroups of people with anxi-
ety disorders may manifest disturbances of arousal
regulation that are more autonomous in nature than
individuals whose symptoms are more dependent on
an environmental context.

One of the main initial rationales for applying PSG
technology to anxiety disorders was to evaluate bio-
logical relationships of anxiety and mood disorders.
Anxiety and mood disorders often occur in the same
individuals and have overlapping pharmacological
treatments. The validity of their distinctiveness was
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Table 8.1 Sleep aspects of anxiety disorders.

Disorder

Panic/agoraphobia

Social phobia

Specific phobias

Generalized anxiety

Obsessive-compulsive

Post-traumatic stress

PSG, polysomnography; REM, rapid eye movement.

Paroxysmal events

Panic attacks arising
from sleep are
common feature of
disorder
Above associated
with non-REM sleep

Trauma-related
nightmares
Above most often
noted as arising from
REM sleep but can
also occur from other
sleep stages
Night terrors, sleep
startle or panic also
noted

Alterations of sleep
architecture or REM

REM latency not
reduced

No difference from
controls

No difference in
depression with and
without phobia

Normal REM
latency

One-third of studies
only

No consistent
abnormalities of
sleep architecture,
REM latency
Increased REM
density reported by
two research groups

Sleep disturbance
documented by PSG

Mixed evidence for
increased sleep latency
and reduced sleep
efficiency
Possible increased
movement time

No difference from
controls

No difference in
depression with and
without phobia

Impaired sleep
initiation and
maintenance

One-third of studies
only

Data are mixed with
four of seven studies
reporting reduced sleep
efficiency or sleep time
Increases in motor
activity during sleep
also reported

Subjective sleep
disturbances

Insomnia complaints
common
Panic attacks can be
triggered during sleep

One study documents
sleep complaints

Perhaps comorbid with
parasomnias

Frequent insomnia
complaints

Not well studied

Insomnia complaints
very common
Nightmares related to
trauma experience also
common and specific to
disorder
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anxiety disorders appear to diverge is the response to
sleep deprivation. In contrast to melancholic subtypes
of depression where mood can paradoxically improve,
anxiety disorders do not benefit, and can worsen from
experimental sleep deprivation (Roy-Byrne et al. 1986;
Labbate et al. 1997; Labbate et al. 1998).

The use of sleep as a “window” into basic mech-
anisms underlying psychopathological states has not
been exploited in anxiety disorders to the same extent
that it has been in affective illness. Nonetheless, invest-
igations focused on sleep have revealed some import-
ant insights. That the core feature of panic disorder,
panic attacks, can be triggered from a state of dimin-
ished arousal during which cognitive activity is at a rel-
ative low point has implications for conceptualizing
the disorder. A limited number of challenge studies
suggest that heightened sensitivities associated with
panic disorder are demonstrable from sleep as well 
as wake states. It has been difficult to definitively pin
down patterns of abnormality underlying the dream
disturbance of PTSD. Some findings are suggestive 
of greater activation and/or disruption of the REM
state. Putative adaptive functions of REM sleep may
apply to responses to trauma and impaired functions
contribute to the development of PTSD. Despite the 
limited number of definitively established findings,
better understanding of anxiety disorders through 
the “window” of sleep remains a worthwhile goal.
Advances in functional brain imaging, molecular 
biology and the cognitive neurosciences are being
increasingly applied in sleep research. Application of
these emerging perspectives and tools to sleep aspects
of anxiety disorders could provide promising direc-
tions for future research.
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Childhood Antecedents of Adult
Anxiety Disorders
S.J. Fredman, D.R. Hirshfeld-Becker, J.W. Smoller & 
J.F. Rosenbaum

individuals may arrive at the same outcome through
multiple pathways (equifinality). For example, equifinal-
ity is evident in the observation that genetic influences,
temperament, parenting styles, or their combination
may all contribute to later anxiety states. However, the
field also recognizes the concept of multifinality, the
idea that the same influences do not necessarily result
in the same outcome. For example, not all children
who are at increased genetic risk for anxiety disorders
will suffer from adult anxiety disorders, suggesting
opportunities for change and adaptation at multiple
points in time. Consequently, the identification of risk
factors that may serve as markers of later anxiety, as
well as any moderating factors, offers tremendous
potential for intervention.

We will use the framework of developmental psy-
chopathology to review what is known about child-
hood precursors of adult anxiety disorders. Because
the area of adult anxiety disorders is broad, we will
focus mainly on antecedents of panic disorder and
social phobia and will devote less attention to other
disorders. We will review hypothesized precursors such
as childhood anxiety disorders, temperamental features,
genetic factors, cognitive biases, and influences of par-
ents, life events, and peers. Our discussion will include
findings from family studies, prospective studies of at-
risk children, retrospective studies of anxious adults,
and studies of environmental factors that may increase
the risk of experiencing anxiety disorders in adult-
hood. The identification of potential risk factors and
their associated vulnerability processes will serve as
the basis for discussing potential opportunities for
intervention that may shift an individual’s trajectory
from risk to resilience.

Introduction

In many cases, adult anxiety disorders do not appear
de novo. Instead, there is an earlier manifestation of
anxiety that precedes them, most notably in childhood.
In some cases, this may be the childhood expression of
the same symptoms in adulthood (e.g. an adult with
generalized anxiety disorder recalls excessive and uncon-
trollable worry as a child). In others, the marker may
appear as a different anxiety disorder altogether (e.g.
an adult with panic disorder recalls being anxious 
in response to separation as a child long before 
experiencing a panic attack). Alternatively, the early
expression may not be in the form of an anxiety disor-
der per se but rather may manifest itself as anxious
temperament or behavioral inhibition (e.g. an adult
with social phobia recalls being shy and withdrawn in
new situations as a child). In each of these cases, the
anxious adults may be seen as possessing a pre-existing
risk for the development of later anxiety, though the
specific nature of the risk and the mechanism through
which it develops into adult psychopathological states
may vary.

The field of developmental psychopathology hypo-
thesizes that there is a link between early and later
functioning, suggesting that at-risk individuals develop
along a trajectory that may result in either psychopath-
ology or successful adaptation. During development,
risk may be moderated by vulnerability or protective
factors which interact with child characteristics, envir-
onmental variables, or their combination (Sroufe &
Rutter 1984; Cicchetti & Cohen 1995). Consistent with
this idea of dynamic and multidetermined develop-
ment, developmental psychopathology recognizes that
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adolescent anxiety disorders may predispose children
to develop other disorders, such as depression (Orvaschel
et al. 1995; Cole et al. 1998), and increase the risk for
anxiety disorders and depression in adulthood (Klein
& Last 1989; Pine et al. 1998).

A number of retrospective studies have found that
childhood anxiety disorders precede adult anxiety 
disorders, panic disorder in particular. Based on the
observation that separation-anxious children fear
being apart from their parents and that agoraphobic
individuals need the comfort of a familiar companion
in order to feel safe, it has been hypothesized that 
separation anxiety disorder in childhood may be a
specific risk factor for the development of adult 
panic disorder with agoraphobia (Klein 1964, 1981).
However, more recent work suggests that although
separation anxiety disorder may be a childhood pre-
cursor of adult agoraphobia, it does not appear to 
be uniquely associated with later panic disorder 
with agoraphobia (Silove & Manicavasagar 1993).
Moreover, it has been observed that separation anxi-
ety disorder, social phobia, and overanxious disorder
are all common in the childhood histories of adults
with panic disorder with agoraphobia (Aronson &
Logue 1987; Otto et al. 1994). For example, Otto and
colleagues (Otto et al. 1994) found that 55 of 100
panic disorder patients met the criteria for at least 
one childhood anxiety disorder based on structured
retrospective interviews. Social phobia (36%) and over-
anxious disorder (28%) were the most frequently diag-
nosed disorders of childhood in this sample. Children
with agoraphobia also tend to show a prior history of
anxiety disorders. In a large sample of clinically referred
children and adolescents (N = 472), Biederman and
colleagues (Biederman et al. 1997) observed that ago-
raphobic children tended to show histories of simple
phobia, avoidant disorder, and separation anxiety 
disorder prior to the onset of agoraphobia.

A prior history of childhood anxiety disorders is 
not unique to individuals with panic disorder and/or
agoraphobia. For example, many adults with GAD
recall being worriers for as long as they can remember
(Rapee 1985), and a study found that rates of child-
hood separation anxiety disorder were comparable
between adults with GAD and those with panic dis-
order (Silove & Manicavasagar 1993). Similarities
have also been observed between adults with social
phobia and those with panic disorder. Rapee and
Melville conducted a retrospective study comparing

Childhood anxiety disorders

One potential precursor to adult anxiety disorders is
the presence of anxiety disorders in childhood. Evi-
dence for this association derives from retrospective
studies of anxious adults, a few prospective studies of
anxious children and adolescents, and studies of the
offspring of adults with anxiety disorders.

The phenomenologic similarities between childhood
and adult anxiety disorders have been acknowledged
in the latest edition of the Diagnostic and Statistical
Manual (DSM-IV; American Psychiatric Association
[APA] 1994). Children may now be diagnosed with
any of the adult anxiety disorders, including panic 
disorder, agoraphobia, generalized anxiety disorder
(GAD), social phobia, specific phobia, obsessive-
compulsive disorder (OCD), and post-traumatic stress
disorder (PTSD). Whereas the DSM-III-R (APA 1987)
had labeled socially anxious children with the diag-
nosis of avoidant disorder of childhood, the DSM-IV
now subsumes childhood social anxiety under the 
category of social phobia. Similarly, overanxious dis-
order, previously a diagnosis that could be assigned
only in childhood, is now eliminated and replaced by
GAD. Separation anxiety disorder currently remains
the only anxiety disorder diagnosed exclusively in
childhood, although it has been suggested that some
adults also meet these criteria (Manicavasagar et al.
2000). This nosological shift, as seen in the changes
from the DSM-III-R to the DSM-IV, has been empir-
ically validated (Kendall & Warman 1996; Spence
1997) and is consistent with the recognition by clinical
researchers that childhood anxiety disorders are symp-
tomatically more similar to adult anxiety disorders
than they are different. Further research is needed to
determine whether anxiety disorders diagnosed in 
children differ etiologically from the corresponding
adult disorders, and in which cases these disorders 
are continuous with their adult counterparts.

Course and outcome of childhood anxiety disorders

For many children, anxiety disorders remit within 
several years (Last et al. 1996). However, in a number
of cases, the disorders remain chronic or are followed
by the emergence of new anxiety disorders in child-
hood or adolescence (Keller et al. 1992; Cohen et al.
1993; Orvaschel et al. 1995; Last et al. 1996). Pro-
spective studies have also found that childhood and
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the childhood histories of clinically referred socially
phobic adults and adults with panic disorder (Rapee 
& Melville 1997). They found that both groups
reported higher rates of introverted and anxious
behaviors in childhood and fewer friends in childhood
than nonclinical controls. This pattern was confirmed
by reports from the mothers of the clinical subjects,
although the pattern was more consistent for the soci-
ally phobic individuals. Phobic adults also commonly
report that their specific phobias began in childhood
(Öst 1987).

A history of childhood anxiety among anxious
adults also appears to have implications for the sever-
ity of adult anxiety, particularly with respect to panic
disorder. Otto and colleagues (Otto et al. 1994) com-
pared adults with panic disorder who had childhood
histories of anxiety disorders to adult panic patients
without a history of anxiety in childhood. They found
that those with a history of childhood anxiety devel-
oped panic attacks and phobic avoidance earlier, were
more likely to develop agoraphobia, and were more
likely to suffer from comorbid anxiety disorders as
adults compared to those without a history of child-
hood anxiety disorders. The same investigators also
found that anxiety disorders in childhood were associ-
ated with comorbid depression among adults with
panic disorder (Pollack et al. 1996). In another retro-
spective study, Lipsitz and colleagues reported that
childhood separation anxiety disorder conferred an
increased risk for comorbidity of anxiety disorders 
in adulthood (Lipsitz et al. 1994). Prospective studies
of anxious children are needed to further test the
hypothesized connection between child and adulthood
disorders.

It is important to note, in keeping with the principles
of equifinality and multifinality, that not all anxious
children develop adult disorders, nor do all anxious
adults have childhood histories of anxiety disorders.
For example, a prospective study of children with 
separation anxiety and school refusal found that only
a small proportion (fewer than 10%) developed panic
disorder by early adulthood (Klein & Last 1989).
Nonetheless, there appears to be a subset of anxious
children who are at increased risk for experiencing
anxiety in adulthood. Additional prospective studies
that follow anxious children into adulthood may help
to clarify the extent to which childhood anxiety serves
as a specific risk factor for the presence of anxiety dis-
orders in adulthood.

Familiality of childhood anxiety disorders

Besides following anxious children to adulthood, or
querying anxious adults about their childhood, another
way to test the hypothesized connection between child
and adulthood anxiety disorders is to examine the off-
spring of parents with anxiety disorders. Since these
children are presumably at increased genetic risk for
the adulthood disorders, the disorders they manifest
may represent early prodromes of adulthood disorders.
Moreover, if the sequence of disorders manifested by
the offspring parallels those reported retrospectively
by their parents, this lends further support to the hypo-
thesis that the childhood disorders are the antecedents
of the adulthood disorders.

Numerous studies have found that children of par-
ents with anxiety disorders are at increased risk for a
spectrum of anxiety disorders (Weissman et al. 1984;
Sylvester et al. 1987; Turner et al. 1987; Biederman
et al. 1991; Last et al. 1991; Capps et al. 1996; Mancini
et al. 1996; Beidel & Turner 1997; Merikangas et al.
1998; Unnewehr et al. 1998; Biederman et al. 2001).
Rates of any childhood anxiety disorder among young
offspring of parents with anxiety disorders (in most
studies either panic disorder or agoraphobia) range
from 21% to 42%, compared with rates in the 2–10%
range among children of comparison parents without
anxiety disorders.

In some instances, there is concordance between
specific parental and offspring anxiety disorders. For
example, in a large prospective study of German ado-
lescents aged 14–17, Lieb and colleagues found that
the adolescents who were at the highest risk for social
phobia were those whose parents had social phobia
(Lieb et al. 2000). Another German study, conducted
by Unnewehr and colleagues (Unnewehr et al. 1998),
compared the rates of psychopathology in the off-
spring of parents with panic disorder, animal phobia,
and no psychiatric disorder. The children of parents
with panic disorder had higher rates of panic disorder
or agoraphobia than did the other groups, and the 
children of parents with phobias had significantly
higher rates of phobias than did the children of control
parents. Interestingly, in 67% of the cases in which the
children of phobic parents had phobias themselves, the
phobic children and parents had identical phobias.

In other cases, offspring of parents with specific anxi-
ety disorders such as panic disorder or social phobia
are found to have increased rates of several different
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Behavioral inhibition is estimated to occur in approxi-
mately 10–15% of middle-class Caucasian children
(Kagan et al. 1988a), and it appears to be a moder-
ately stable temperamental disposition (Asendorpf
1994; Kagan 1994; Caspi & Silva 1995; Scarpa et al.
1995; Gest 1997; Fordham & Stevenson-Hinde 1999;
Goldsmith & Lemery 2000). Using laboratory meas-
ures, behavioral inhibition has been observed in 
children of preschool age and younger. The tempera-
mental tendency manifests differently during different
developmental stages. For instance, the tendency to be
irritable and highly reactive during infancy, shy and
fearful during toddlerhood, and cautious and intro-
verted during school years are all believed to reflect 
the same temperamental trait. For example, children
selected in toddlerhood as extremely fearful, distressed
and clinging to mothers when presented in the labor-
atory with novel people, situations, and objects were
more likely to be inhibited and avoidant with an un-
familiar adult or peer at age 4, and to be reticent with 
a group of peers at age 7 (Kagan et al. 1988a). When
they examined children younger than toddlers, Kagan
and colleagues found associations between high reac-
tivity (high distress and motor activity in response to a
battery of standard stimuli) at 4 months and anxiety
symptoms (of all types) at age 7 (based on mother and
teacher reports). The highly reactive children were also
more subdued with an unfamiliar examiner at age 7
(Kagan et al. 1999). The highly reactive children who
had shown more fears at age 21 months in laboratory
observations with unfamiliar examiners were the ones
most likely to have high anxiety symptoms at age 7.

Kagan and colleagues have hypothesized that
behavioral inhibition reflects a lower threshold for
arousal in the amygdala, hypothalamus and other
brain regions that mediate arousal and fear responses,
particularly when an individual is faced with unfamil-
iar situations (Kagan et al. 1987). Moderate support
for this hypothesis comes from the observation that
behavioral inhibition is associated with a number of
biological correlates reflecting increased arousal, includ-
ing increased sympathetic nervous system activation
and increased noradrenergic function (see Hirshfeld
et al. 1999 for a review).

Inhibited behavior in response to novel situations is
not limited to humans. Suomi and colleagues describe
similar behaviors in rhesus monkeys (Suomi et al. 1981;
Suomi 1984, 1986, 1997, and unpublished papers
[1986, 1996]), noting that 15% of rhesus monkeys are

anxiety disorders (Weissman et al. 1984; Capps et al.
1996; Mancini et al. 1996). A recent study by Biederman
and colleagues found evidence for both specific and
nonspecific transmission of anxiety disorders (Biederman
et al. 2001). The investigators compared the rates 
of psychopathology among the children of parents
with comorbid panic disorder and depression, panic
disorder only, depression only, and neither panic dis-
order nor depression. They found that parental panic
disorder, with or without comorbid depression, was
associated with increased risk for panic disorder and
agoraphobia in offspring and that parental depression
with or without comorbid panic disorder was associ-
ated with increased risk for depression, social phobia,
and disruptive disorders in children. Panic disorder and
major depression were each associated with increased
risk for separation anxiety disorder and multiple anxi-
ety disorders in the offspring.

We may conclude from these studies that children of
parents with anxiety disorders, particularly panic dis-
order, agoraphobia, and social phobia, are at height-
ened risk for developing childhood anxiety disorders
themselves. Children of parents with major depression
may be similarly at risk. To the degree that these off-
spring are at risk for the parental disorders, the studies
also add to the suggestion that childhood disorders may
be precursors of adulthood anxiety disorders. However,
studies that follow these children prospectively to
adulthood are needed to clarify the course of psycho-
pathology in these at-risk children and the extent to
which parental psychopathology predicts specific forms
of offspring adult psychopathology.

Temperament: focus on behavioral
inhibition

Research suggests that certain temperamental markers
may reflect the tendency to become anxious prior to
the onset of clinically meaningful anxiety per se. One
potential marker of an early predisposition to anxiety
is “behavioral inhibition to the unfamiliar,” which has
been extensively investigated and described by Kagan
and colleagues (Garcia-Coll et al. 1984; Reznick et al.
1986; Kagan et al. 1987, 1984, 1988a,b, 1989, 1998;
Gersten 1989; Kagan 1989, 1994; Snidman 1989; Kagan
& Snidman 1991a,b). Behavioral inhibition refers 
to the tendency to be cautious, quiet, and introverted
in response to novel situations, events, or people.
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more likely than their peers to demonstrate behavior-
ally inhibited behaviors (e.g. diminished exploration and
an increase in retreat behaviors) in the face of environ-
mental stressors, such as repeated separation. This 
tendency is similar to that of behaviorally inhibited
children who withdraw in the face of new people or 
situations and is consistent with the hypothesis that
certain organisms may be biologically predisposed to
experience extreme physiological reactivity and dis-
comfort in the face of environmental change.

Behavioral inhibition as a marker for anxiety

Given the similarities among the descriptions of school-
aged inhibited children and retrospective descrip-
tions of adult agoraphobics’ childhoods, Rosenbaum,
Biederman, and colleagues hypothesized that beha-
vioral inhibition may represent an early marker for 
a predisposition to develop later anxiety, particularly
among offspring of adults with panic disorder. Several
converging lines of evidence support this association,
as we will discuss in this section. However, it should be
noted that the association between behavioral inhibi-
tion in offspring and psychopathology in parents does
not appear to be unique to panic and other anxiety dis-
orders, since children of depressed parents are also
characterized by high rates of behavioral inhibition
(Kochanska 1991; Rosenbaum et al. 2000).

Several different research groups have found an
association between behavioral inhibition and anxi-
ety. In particular, studies have found elevated rates of
behavioral inhibition in the offspring of adults with
panic disorder (Rosenbaum et al. 1988; Manassis et al.
1995; Battaglia et al. 1997; Rosenbaum et al. 2000).
These findings converge with those from “bottom-up”
studies of inhibited or extremely shy children, which
have revealed elevated rates of anxiety disorders in the
parents, social phobia in particular (Rosenbaum et al.
1991; Cooper & Eke 1999). Cross-sectional studies
reveal that inhibited children themselves are at an
increased risk for anxiety. In a small, controlled study
of children of parents with panic disorder, Biederman
and colleagues (Biederman et al. 1990) observed that
behaviorally inhibited children had higher rates of
multiple anxiety disorders (two or more), overanx-
ious, and phobic disorders, than did children who 
were not behaviorally inhibited. At 3-year follow-up,
rates of anxiety disorders were significantly higher in
children who were classified as inhibited at baseline

than among those who were not inhibited, and rates 
of anxiety disorders in inhibited children increased
significantly from baseline to follow-up (Biederman 
et al. 1993). In a larger controlled study, the same
investigators found that behavioral inhibition in chil-
dren was exclusively associated with increased risk 
for social phobia and avoidant disorder and that this
association was most pronounced for children of 
parents with panic disorder with or without comorbid
depression (Biederman et al. 2001).

Inhibited children from a nonclinical, longitudinal
study conducted by Kagan and colleagues were also at
elevated risk for anxiety disorders compared to chil-
dren who were not behaviorally inhibited (Biederman
et al. 1990). Examination of the children from age 21
months through age 7 suggested that those children
who were consistently inhibited over time were at the
greatest risk for the development of anxiety (Hirshfeld
et al. 1992). When these children (and others from 
a second cohort selected at age 31 months) were fol-
lowed through age 13, the children who were classified
as inhibited at age 2 were at significantly greater risk
for generalized social anxiety than were the children
who were classified as uninhibited. These findings
were more robust for girls than for boys (Schwartz
et al. 1999).

The assessments of behavioral inhibition discussed
above used laboratory assessments on samples of young
children. Recently, Muris and colleagues (Muris et al.
1999, 2001) have reported that behavioral inhibition,
assessed in older children and adolescents using self-
report measures, is also related to the presence of 
anxiety and depression. They observed that 12–14-
year-old children who classified themselves as high in
behavioral inhibition had higher self-reported levels 
of worry, depression, and anxiety. Their measure of
self-reported behavioral inhibition was most highly
correlated with the social phobia subscale of a self-
report questionnaire of anxiety symptomatology, but
significant associations were also found with the 
subscales for panic disorder, GAD, separation anxiety
disorder, OCD, and blood-injection-injury phobia
(Muris et al. 1999). The association among self-reported
behavioral inhibition, anxiety, and depression was
replicated in a second study of adolescents aged
12–18, and it appeared that the association between
behavioral inhibition and depression was mediated by
the presence of anxiety (Muris et al. 2001). A recent
prospective study of more than 2000 ninth graders in
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and at least moderately heritable (Smoller & Tsuang
1998; Smoller et al. 2000). Estimates of the excess risk
to first degree relatives of affected individuals ranges
from about three-fold to seventeen-fold for panic dis-
order (Crowe et al. 1983; Noyes et al. 1986; Maier
et al. 1993; Goldstein et al. 1997), three-fold to ten-
fold for social phobia (Fyer et al. 1993, 1995; Stein 
et al. 1998), two-fold to three-fold for specific phobias, 
and five-fold for GAD (Noyes et al. 1987) and OCD
(Pauls et al. 1995; Nestadt et al. 2000). The estimated
heritability (or proportion of population phenotypic
variance due to genetic factors) of these disorders has
typically ranged from 30% to 50% (Kendler et al.
1992, 1993, 1999, 2001; True et al. 1993; Jonnal 
et al. 2000), suggesting that environmental factors 
are at least as influential. However, there is conflicting
evidence about the relative importance of family and
nonfamily environmental factors. For example, in a
prospective longitudinal study by Lieb and colleagues
(Lieb et al. 2000), parental anxiety and parenting 
style were associated with the development of social
phobia in offspring. However, using model-fitting tech-
niques in their large population-based twin sample,
Kendler and colleagues (Kendler et al. 1999) found
that individual-specific environment contributed to
social phobia liability, but shared family environment
appeared to have little impact.

Although the evidence that genes influence anxiety
disorders is compelling, the specific identity of the genes
involved remains unknown. Molecular genetic studies
of the anxiety disorders have implicated several chro-
mosomal regions and candidate genes, but none has
been established (see Chapter 13, for review). Thus
far, the most intriguing findings have been reported for
panic disorder/agoraphobia and OCD. For example,
genome scans of panic disorder/agoraphobia have 
provided evidence of possible linkage to regions of
chromosomes 1 (Gelernter et al. 2001), 3 (for agora-
phobia) (Gelernter et al. 2001), 7p (Knowles et al.
1998; Crowe et al. 2001), 11p (Gelernter et al. 2001),
12q (Smoller et al. 2001b), and 13q (Weissman et al.
2000). An interstitial duplication of chromosome 15q
has recently been reported to be associated with panic
and phobic anxiety disorders in combination with
joint laxity (Gratacos et al. 2001). These findings and
associations of candidate genes such as the MAO-A
gene (Deckert et al. 1999) await replication. For OCD,
several candidate genes have been associated with the
disorder in independent samples, including the genes

the US found that self-reported behavioral inhibition as
recalled from the elementary school years was signific-
antly related to the subsequent development of social
phobia by the end of high school (Hayward et al. 1998).

The association between behavioral inhibition in
childhood and later psychopathology is also supported
by retrospective studies in which adults report the
extent to which they were behaviorally inhibited dur-
ing the elementary school years (Reznick et al. 1992).
Reznick and colleagues found that adult patients 
who had been successfully treated for either panic dis-
order or depression had significantly higher behavioral 
inhibition scores than did adults who had never been
diagnosed with either disorder. In another study, 
retrospectively reported behavioral inhibition was sig-
nificantly higher among college undergraduates with
social anxiety than among those with generalized anxi-
ety or controls with minimal social anxiety (Mick &
Telch 1998).

Despite evidence that suggests an association between
behavioral inhibition and anxiety disorders, it should
be emphasized that behavioral inhibition is likely nei-
ther a necessary nor sufficient risk factor for anxiety.
For example, not all inhibited children develop social
phobia or other anxiety disorders and not all anxious
adults were inhibited as children. As reviewed earlier,
the link between behavioral inhibition in childhood
and the development of anxiety disorders appears to
be strongest among those children who remain consist-
ently inhibited throughout early childhood. Longitud-
inal studies are needed to clarify the role that other
child characteristics or environmental influences may
play in determining how behavioral inhibition may or
may not lead to later psychopathology.

Genetic influences on anxiety disorders
and anxiety-related traits

The observation that anxiety disorders and behavioral
inhibition are more common among children of par-
ents affected with anxiety disorders leads naturally to
the question of what role genes play in this familial
transmission. The genetics of anxiety disorders are
reviewed in detail in Chapter 13, but we summarize
several pertinent findings here as well.

Family and twin studies have demonstrated that all
of the major DSM-IV anxiety disorders are familial
(with the exception of PTSD, for which data are limited)
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encoding catechol-O-methyltransferase (Karayiorgou
et al. 1997, 1999), MAO-A (Karayiorgou et al. 1999;
Camarena et al. 2001) and the serotonin transporter
(McDougle et al. 1998; Bengel et al. 1999). Again,
however, the precise role of these genes remains uncer-
tain. Another area of uncertainty concerns the speci-
ficity of genetic influences on anxiety. Do genes
influence risk for specific anxiety disorders, or do they
impact a quantitative “anxiety proneness” that, in the
extreme, may be expressed as a variety of clinical syn-
dromes? Evidence for the specificity of gene effects
comes from family studies that have suggested that
panic and phobic disorders “breed true” (Fyer et al.
1995). That is, relatives of probands with panic disor-
der appear to be at greatest risk for panic disorder and
relatives of probands with social phobia are at greatest
risk for social phobia. On the other hand, the studies of
high-risk children reviewed earlier are more consistent
with the notion that a more general anxiety proneness
is transmitted in families and can be expressed as sev-
eral anxiety disorders and comorbid disorders. Other
family and twin studies have indicated that there are
shared genetic influences between panic and phobic
disorders (Kendler et al. 1995), between panic and
GAD (Scherrer et al. 2000), between OCD, GAD and
agoraphobia (Nestadt et al. 2001), and among the dif-
ferent phobic disorders (social, specific, agoraphobia)
(Kendler et al. 1999). Moreover, anxiety-related traits
and temperaments appear to be more pronounced in
relatives of probands with panic and phobic disorders
(Perugi et al. 1998; Rosenbaum et al. 2000; Stein et al.
2001). Finally, molecular genetic studies have suggested
that specific genetic loci may influence liability to mul-
tiple anxiety disorders (Gratacos et al. 2001; Smoller
et al. 2001b). The most striking example of this is a
recent report by Gratacos and colleagues (Gratacos et
al. 2001) that a genomic duplication on chromosome
15q was strongly associated with a phenotype that
included panic disorder, phobic disorders, and joint
laxity. One interpretation of such findings is that there
are latent, heritable anxiety traits underlying these dis-
orders and that these traits cut across diagnostic cat-
egories. The boundaries among the phenotypes defined
as anxiety disorders, then, may not be so distinct as
implied by DSM-IV.

In addition to behavioral inhibition (Kagan et al.
1984), a number of anxiety-related traits and tempera-
ments have been described including “neuroticism”
(Eysenck 1967), “harm avoidance” (Cloninger 1986),

and “shyness/sociability” (Plomin & Daniels 1986).
We review the genetic basis of these traits briefly 
here. The association between these traits and specific
anxiety disorders has not been fully defined, and each
may capture different elements of anxiety-proneness
(Heath et al. 1994). The putative role of neuroticism,
which refers to the predisposition to experience psy-
chological distress and negative affect (Clark et al.
1994), is perhaps the broadest of these constructs.
Neuroticism has been said to predispose to both anxi-
ety disorders and depression (i.e. “neurotic disorders”)
(Andrews et al. 1990a,b; Clark et al. 1994; Bienvenu et
al. 2001b) and to comorbidity among these disorders
(Bienvenu et al. 2001a). It is also the most extensively
studied of the anxiety-related traits, and numerous large
twin studies have demonstrated that genes influence
neuroticism with heritability estimates consistently in
the range of 30–60% (Floderus-Myrhed et al. 1980;
Rose et al. 1988; Mackinnon et al. 1990).

Harm avoidance was defined by Cloninger and col-
leagues as a heritable temperament encompassing
“pessimistic worry in anticipation of future problems,
passive avoidant behaviors such as fear of uncertainty
and shyness of strangers, and rapid fatiguablity”
(Cloninger et al. 1993). Elevated harm avoidance has
been observed among patients with OCD (Richter
et al. 1996), panic disorder and GAD (Starcevic et al.
1996), and among patients with social phobia (Kim &
Hoover 1996) and their first-degree relatives (Stein 
et al. 2001). In an analysis of 2680 adult Australian
twin pairs, Heath and colleagues (Heath et al. 1994)
reported that the heritability of harm avoidance (44%)
was comparable to that of neuroticism (35–45%), but
they appeared to capture somewhat different dimen-
sions of personality. As has been reported in twin stud-
ies of anxiety disorders, shared family environment did
not appear to influence either trait. Interestingly, in the
first study to associate an anxiety phenotype with a
specific gene, Lesch and colleagues (Lesch et al. 1996)
reported that a functional polymorphism in the sero-
tonin transporter gene promoter (5-HTTLPR) was
associated with both neuroticism and harm avoidance
(see Chapter 13). Subsequently, a series of studies have
attempted to replicate this finding with mixed results.
Although some studies have found evidence of associ-
ation (Katsuragi et al. 1999) or linkage (Mazzanti et al.
1998) between the 5-HTT promoter and neuroticism
or harm avoidance, a larger number have not (Ball 
et al. 1997; Ebstein et al. 1997; Gelernter et al. 1998;
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heritable temperament also affect childhood anxiety
disorder symptoms (Goldsmith & Lemery 2000), and
future genetic studies may benefit from incorporating
assessments of both clinical diagnoses and tempera-
mental traits.

Hypothesized cognitive risk factors

Cognitions indicating pathological fear or worry (e.g.
“I’m going to lose control of myself if my heart races
and I feel dizzy.”) are common correlates of anxiety
among adults, and emerging evidence suggests that
anxious children may experience similar anxious
thoughts. In the following section, we highlight some
of these cognitive biases and also discuss what is
known regarding the extent to which these cognitions
may serve as potential risk factors for the development
of later anxiety.

Anxiety sensitivity

It has been shown that adults with panic disorder 
tend to respond to physiological sensations of anxiety
with alarm, believing that otherwise benign physical
indicators of anxiety (e.g. a pounding heart) signify
impending catastrophe (e.g. a heart attack) (Clark 1986).
Consistent with this observation, adults with panic
disorder tend to score approximately two standard
deviations above the norm on the Anxiety Sensitivity
Index (ASI) (Reiss et al. 2001), a 16-item questionnaire
that measures fear of sensations of arousal in adults
(Reiss et al. 1986). “Anxiety sensitivity,” the tendency
to fear arousal and anxiety-related sensations because
of the belief that such symptoms are harbingers 
of physical catastrophe, public embarrassment, or 
mental incapacitation (Reiss 1991), is distinct from
trait anxiety, a general proneness to respond anxiously
across a wide range of situations (McNally 1996;
Schmidt et al. 1997). Research on anxiety sensitivity as
a correlate or predictor of anxiety has tended to focus
on anxiety sensitivity’s relation to panic disorder.
Nonetheless, elevated anxiety sensitivity scores have
also been observed among individuals with circum-
scribed social phobia (Norton et al. 1997), PTSD
(McNally et al. 1987), and panic attacks (Donnell &
McNally 1990; Asmundson & Norton 1993).

Anxiety sensitivity, as measured with the ASI,
appears to represent both a higher order factor as 

Jorm et al. 1998; Deary et al. 1999; Flory et al. 1999;
Gustavsson et al. 1999; Herbst et al. 2000). Differences
in populations, assessment methods, and statistical
power may account for some of these discrepancies.
Harm avoidance has also been linked to a locus on the
short arm of chromosome 8 in a large genome scan of
more than 750 sibling pairs (Cloninger et al. 1998). 
In that study, there was also evidence of gene–gene
interaction (epistasis) between the chromosome 8p
locus and loci on chromosomes 18p, 20p, and 21q, so
that taken together, these loci explained nearly all of
the genetic variance in the trait.

Twin and adoption studies have documented that
genes contribute to shyness and behavioral inhibition,
which are phenotypically related to social phobia, in
children (Plomin & Daniels 1986; Matheny 1989;
Robinson et al. 1992; Plomin et al. 1993; DiLalla et al.
1994). In the MacArthur Longitudinal Twin Study,
estimated heritability was 18–60% for measures of
shyness and 41% for behavioral inhibition in twins at
ages 14 and 20 months (Plomin et al. 1993; Cherny
et al. 1994). Furthermore, the stability of shyness and
behavioral inhibition between these two ages appeared
to be mediated by genetic factors. Additional analyses
of subsamples of this cohort suggest that extreme
behavioral inhibition is highly heritable (heritability
>70% at 2 years of age), although the precision of
these estimates is unclear because of the relatively
small sample sizes involved (Robinson et al. 1992;
DiLalla et al. 1994). In a linkage analysis of a large
extended pedigree, Smoller and colleagues (Smoller et
al. 2001a) observed suggestive evidence of linkage to a
locus on chromosome 10 for a phenotype definition
based on studies of the familial relationship between
behavioral inhibition and panic disorder/agoraphobia.
Candidate gene association studies of shyness and
behavioral inhibition have begun to appear, but results
to date have been largely negative (Jorm et al. 1998,
2000; Henderson et al. 2000; Smoller et al. 2001b).

To summarize, it is clear that genes influence the
development of the major adult anxiety disorders.
Childhood anxiety disorder symptoms and behavioral
inhibition also appear to be heritable (Thapar &
McGuffin 1995; Topolski et al. 1997; Warren et al.
1999). What is unclear, however, is the specificity of
the genetic effects on anxiety disorders: are the herit-
able phenotypes discrete diagnostic categories or 
temperamental predispositions? Modeling of twin
data has provided some evidence that genes affecting
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well as three lower-order factors: physical concerns (a
fear of somatic sensations of anxiety), mental incapa-
citation concerns (a fear of mental loss of control), and
social concerns (a fear of public observation of anxiety
sensations) (Zinbarg et al. 1997). However, due to 
the small number of items tapping social concerns, the
social concerns factor may be less reliable than the
physical or mental concerns factors, as measured with
the existing version of the ASI (Zinbarg et al. 1999).

An early model suggested that fear of anxiety sensa-
tions in the context of panic disorder with agoraphobia
is the classically conditioned response to the negative
experience of a panic attack (Goldstein & Chambless
1978). More recently, though, researchers have sug-
gested that anxiety sensitivity may actually serve as a
cognitive risk factor for the development of anxiety
rather than just a correlate or a consequence of anxiety
or panic (Reiss 1991). Recent research has shown that
anxiety sensitivity does, in fact, predict the develop-
ment of spontaneous panic attacks and anxiety in non-
clinical samples (Maller & Reiss 1992; Schmidt et al.
1997; Schmidt et al. 1999). Schmidt and colleagues
(Schmidt et al. 1997) conducted a prospective study of
more than 1400 US Air Force Academy cadets under-
going military basic training, a brief but intensely
stressful 5-week period. The authors observed that
anxiety sensitivity, but not trait anxiety, predicted the
occurrence of spontaneous panic attacks, even after
controlling for a prior history of panic attacks. The
authors replicated these findings using another large
sample of cadets undergoing basic training (Schmidt 
et al. 1999). They demonstrated that in addition 
to predicting the occurrence of spontaneous panic
attacks, anxiety sensitivity predicted panic-related
worry, somatic anxiety symptoms, and anxiety-related
impairment, even after controlling for the effect of trait
anxiety and a prior history of panic attacks. Anxiety
sensitivity is also a reliable predictor of relapse and 
re-emergence in untreated panickers as well as a sen-
sitive index of change when panic patients are treated
with cognitive-behavioral therapy (Otto & Reilly-
Harrington 1999).

Although less prevalent than in adulthood, panic
attacks and panic disorder do occur in children and
adolescents (Ollendick & King 1998), suggesting that
similar cognitive correlates and precursors of panic
may also be present in these youths. Researchers have
investigated this hypothesis using the Child Anxiety
Sensitivity Index (CASI), an 18-item version of the ASI

used to assess anxiety sensitivity in children and ado-
lescents aged 6–17 (Silverman et al. 1991). Like its
adult counterpart, the CASI is characterized by mul-
tiple dimensions, the most robust of which are fears 
of impending physical catastrophe (physical concerns)
and loss of mental control (mental incapacitation)
(Silverman et al. 1999a). In studies of young children,
the CASI differentiated children with anxiety disorders
from those without anxiety disorders (Rabian et al.
1993) and successfully differentiated children with
panic disorder from those with anxiety disorders other
than panic disorder (Kearney et al. 1997). Among 
adolescents, the CASI was significantly correlated with
panic attack symptoms and was able to successfully
differentiate between adolescents who experienced panic
attacks and those who did not (Lau et al. 1996;
Hayward et al. 1997). It also prospectively predicted
the onset of panic attacks in a large sample of adoles-
cents, even after controlling for negative affectivity
and a prior history of major depression (Hayward 
et al. 2000).

There has been debate regarding the construct 
validity of anxiety sensitivity in preadolescent chil-
dren. Chorpita et al. (1996) found that the CASI pre-
dicted trait anxiety in older children (age 12–17) but
not in younger children (age 7–11). They suggested
that preadolescent children lacked the cognitive abil-
ities necessary to pair internal sensations of autonomic
arousal or anxiety with the potential for future nega-
tive consequences of danger. However, recent studies
have challenged these findings. Using a large sample 
of clinically referred children and adolescents, Weems
and colleagues (Weems et al. 1998) found that the
CASI did predict variance in fear beyond that accounted
for by trait anxiety in both young children (age 6–11)
and adolescents (age 12–17). In another study investi-
gating the construct validity of anxiety sensitivity in
preadolescent children, Mattis and Ollendick (1997)
compared the cognitive responses of 8, 11, and 14-
year-old children after they listened to a tape describ-
ing the physical symptoms of a panic attack and
imagined that they were experiencing the same sensa-
tions. The authors did not observe age differences in
the children’s tendencies to make internal attributions
regarding the origin of the panic attack. Furthermore,
they found that the children’s CASI scores predicted
their tendency to make internal catastrophic attri-
butions in response to the imagined panic attack.
Additional support for the construct utility of anxiety
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however, that anxiety sensitivity does predict the
development of anxiety and panic in adolescence and
early adulthood. Thus, the identification of young 
children with high anxiety sensitivity may serve as an
opportunity to identify those who are at significant
risk for the later development of panic and other anxi-
ety disorders. Furthermore, in light of the suggestion
from retrospective studies that the development or
reinforcement of anxiety sensitivity may be associated
with parental modeling of maladaptive reactions to
physical sensations, identification and modification 
of anxiogenic parental behaviors may also aid in the 
prevention and amelioration of later anxiety disorders.

Increased bias for threat and low perceived control

Adults with anxiety disorders tend to overestimate the
likelihood of future negative events occurring and to
underestimate their ability to cope under adverse 
circumstances (Beck et al. 1985). They tend to perceive
threat in ambiguous situations (Butler & Matthews
1983), to regard negative events as unpredictable and
uncontrollable, and to anticipate adverse outcomes
(Barlow 1988; Alloy et al. 1990). These qualities appear
to be common to a number of anxiety disorders. For
instance, in the absence of legitimate cardiac or pul-
monary pathology, individuals with panic disorder
tend to misinterpret physical sensations of arousal as
signs of impending physical catastrophe. Their coping
style is generally characterized by avoidance of situ-
ations that are likely to precipitate uncomfortable
physical sensations, often because they believe they will
be unable to cope with having a panic attack. Socially
phobic individuals often misperceive the extent to
which others judge them harshly, overestimate the
likelihood that they will be humiliated or embarrassed,
and underestimate their ability to cope with such criti-
cism; similarly, their preferred coping style tends to 
be characterized by avoidance. Individuals with OCD
tend to perceive bizarre and extreme threat in situ-
ations that normals perceive as potentially hazardous
but not overwhelming (e.g. contamination by germs or
disease). They also respond catastrophically to fleeting
unusual thoughts about dangers, violence, or sexual
situations which normals might also have but dismiss
without worry (Rachman & de Silva 1978). Individuals
with OCD either avoid these situations or thoughts 
or use rituals to neutralize the distressing thoughts 
and accompanying anxiety. Failure to perform the

sensitivity in preadolescent children comes from a
behavioral validation of the CASI (Rabian et al. 1999).
Using a sample of elementary school children (age
8–11), Rabian and colleagues found that the CASI pre-
dicted state anxiety and subjective fear in response to 
a physically challenging stair-stepping exercise, even
after controlling for trait anxiety and pretest measures
of state anxiety and fear.

Studies have demonstrated that anxiety sensitivity
may be heritable and predictive of susceptibility to 
carbon dioxide (CO2) induced panic attacks (McNally
& Eke 1996). In one study of 337 adult twin pairs, the
heritability of anxiety sensitivity was estimated to be
45% (Stein et al. 1999), although a subsequent analy-
sis indicated that the trait is heritable only in women
(Jang et al. 1999). Schmidt and colleagues (Schmidt 
et al. 2000) reported an interaction between anxiety
sensitivity and a polymorphism in the serotonin trans-
porter gene that may affect susceptibility to CO2-
induced panic. The polymorphism in the serotonin
transporter promoter that increased expression of the
gene (the “long” allele) was associated with increased
fear response to CO2 challenge. There also appeared to
be an interaction between genotype and anxiety sens-
itivity such that subjects homozygous for the long allele
who also scored highly on anxiety sensitivity had the
lowest heart rate variability, a measure of autonomic
arousal that has been associated with panic/anxiety.

Other studies have suggested that family environment
factors may potentially play a role in the development
of anxiety sensitivity as well. Several retrospective
studies have found that individuals with high anxiety
sensitivity reported greater childhood instrumental
and vicarious learning experiences involving somatic
symptoms that included both arousal and nonarousal
sensations (Watt et al. 1998; Watt & Stewart 2000;
Stewart et al. 2001). The role of arousal-related sensa-
tions may be particularly strong for the development
of panic attacks. When individuals were compared on
the basis of panic attacks versus no panic attacks,
those with panic attacks report greater parental rein-
forcement of and vicarious learning for anxiety-related
sensations (Ehlers 1993; Watt et al. 1998).

To date, no longitudinal studies have found that
anxiety sensitivity in early childhood predicts the
development of anxiety and panic disorder in adult-
hood, largely because prospective studies that follow
children through different developmental stages have
not yet extended into adulthood. It has been shown,
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compulsion is met with intense anxiety because the
individual seems to believe that he or she could not
cope with the feared outcome. Thus, empirically sup-
ported psychological treatments for each of these 
disorders generally involve principles of cognitive-
behavioral therapy and/or exposure therapy (with
response prevention added for OCD) (Chambless &
Ollendick 2001) to decrease fear and to help the indi-
vidual to more realistically appraise future threat as
well as his or her perceived ability to cope.

Though we are aware of no prospective studies 
of cognitive biases in at-risk children, cross-sectional
studies examining the cognitions of anxious children
have tended to find cognitive biases similar to those
found in anxious adults, particularly among children
old enough to report on their cognitions (i.e. school-age
and older). Barrett and colleagues found that clinically
referred children seeking treatment for separation anxi-
ety disorder, overanxious disorder, social anxiety, and
simple phobia were more likely than nonclinic chil-
dren to perceive hypothetical ambiguous situations 
as threatening and were also more likely to generate
avoidant strategies to cope with these situations
(Barrett et al. 1996a). Similar findings were observed
by Bögels and Zigterman in a mixed group of anxious
children (Bogels & Zigterman 2000). Other studies
have found that anxious children tend to have lower
self-perceived competence (Messer & Beidel 1994;
Bogels & Zigterman 2000) and an external locus of
control (the belief that events are controlled by factors
external to oneself). In particular, it has been observed
that children who have an external locus of control
score higher in trait anxiety (Finch et al. 1975; Nunn
1988) and fearfulness (Ollendick & Francis 1988;
Krohne 1992). Anxious children may also be charac-
terized by a negative attributional style (for review 
see Bell-Dolan & Wessler 1994) or by the use of more
negative self-statements when confronted with am-
biguous or anxiety-provoking circumstances (Prins
1986; Treadwell & Kendall 1996; Bogels & Zigterman
2000; Muris et al. 2000).

Cross-sectional studies of both children and adults
suggest that low perceived control and an increased
bias for threat are common correlates of anxiety disor-
ders. The extent to which these cognitive biases also
serve as specific risk factors for the development of
anxiety, however, is not clear. Chorpita and Barlow
have proposed a model describing the mechanism
through which low perceived control may itself serve

as a cognitive risk factor for the later development of
both anxiety and depression (for review see Chorpita
& Barlow 1998). They suggest that individuals whose
early lives are characterized by few experiences of 
perceived control are at risk of developing anxiety and
depression because they learn to expect to be helpless
when faced with stressful situations later in life. Over
time they develop a bias toward interpreting later
events as out of their control, which in turn reinforces
a pattern of helpless passivity and continued anxiety.
Longitudinal research is needed to test this hypothesis.

Parenting

We now highlight findings from studies that have
examined the role parenting behaviors may play in
increasing an individual’s vulnerability to become anx-
ious, or conversely, in decreasing that risk by serving as
a protective influence.

A number of caveats are worth noting when dis-
cussing parenting behaviors in the context of offspring
anxiety. First, there is no substantive evidence that
specific parenting behaviors or attitudes cause anxiety
disorders; on the other hand, certain parenting prac-
tices may be helpful to children who are predisposed 
to become anxious in the first place. As we have 
noted earlier, the relative helpfulness or unhelpful-
ness of given parental behaviors may depend, in part,
on characteristics of the child (Hirshfeld et al. 1998).
For instance, encouraging children to act cautiously
may be helpful for an impulsive but not an inhibited
child. On the other hand, if behavioral inhibition is in
fact a predisposition factor for later anxiety, encourag-
ing an inhibited child to take small risks may help to
decrease anxiety. Second, children play an important
role in shaping their interpersonal environments.
Children may elicit particular responses from their
parents and then react to these parental behaviors, 
the effect of which may be to reinforce a child’s given
temperamental style (Sameroff 1975a,b; Lerner &
Lerner 1987; Caspi et al. 1989). Thus, in many cases
parental behaviors may actually reflect reactions to
anxiety in the child rather than serving as the cause 
of the child’s anxiety (e.g. Rubin et al. 1999). For
example, parents may be overprotective toward a child
who appears to be distressed when faced with a feared
situation; however, in the absence of the child’s dis-
tress, the parents would not behave toward the child in 
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number of retrospective and cross-sectional studies
suggest that high parental control and, to a lesser
extent, criticism or low warmth, are associated with
anxiety in offspring (for review see Rapee 1997; Waters
& Barrett 2000; Dadds & Roth 2001). Retrospective
studies of anxious adults (Parker 1979b; Arrindell
et al. 1983; Arrindell et al. 1989; Gerlsma et al. 1990;
Bruch & Heimberg 1994; Chambless et al. 1996; Rapee
& Melville 1997) converge with cross-sectional studies
of anxious children (Gruner et al. 1999; Lieb et al.
2000) to find reports of increased parental control and
decreased warmth. These findings are supported by
studies that examine the parents of anxious children.
When parents are asked to speak about their children
in an unstructured manner for 5 min, parental emotional
overinvolvement (overprotective, self-sacrificing, or
intrusive behavior) was associated with child anxiety
in both an epidemiological sample (Stubbe et al. 1993)
and a small at-risk sample (Hirshfeld et al. 1997b).
Observational studies have confirmed that the interac-
tions of anxious children and their parents tend to be
characterized by high levels of parental control, over-
protection, or criticism (Krohne & Hock 1991; Dumas
et al. 1995; Siqueland et al. 1996; Hudson & Rapee
2001).

It has been suggested that the effect of controlling
and rejecting parenting on anxious children may be to
restrict opportunities to explore their environments. 
If children have been rejected, they may develop anxi-
eties about dealing with others, particularly in social
situations. This insecurity, in connection with over-
protectiveness, may keep the children from engaging in
unfamiliar situations, which in turn may undermine
the children’s autonomy and decrease opportunities
for exposure to unfamiliar situations and the acquisi-
tion of new skills (Muris & Merckelbach 1998; Lieb 
et al. 2000). Nonetheless, the finding that this type of
parenting is reported by anxious adults with different
presentations of anxiety, such as fears, phobias, and
compulsions (Parker 1979b; Arrindell et al. 1983,
1989; Gerlsma et al. 1990; Bruch & Heimberg 1994;
Chambless et al. 1996; Rapee & Melville 1997), as
well as depression (Parker 1979a), suggests that a con-
trolling and/or rejecting parenting style is not linked 
to the development of specific forms of anxiety, nor to
anxiety disorders exclusively. Instead, as suggested by
Chambless and colleagues (Chambless et al. 1996),
poor parental bonding likely constitutes a general risk
factor for the development of psychopathology.

this manner. As a result of these repeated interactions
over time, the child may come to perceive himself as
incapable of dealing with novel situations while not in
the presence of the parent. Third, specific parenting
practices are associated with only a small measure of
explanatory power in elucidating the precise mechan-
ism through which some individuals develop clinically
meaningful anxiety (for review see Rapee 1997; Dadds
& Roth 2001). Nonetheless, this small but significant
amount of variance in offspring anxiety may prove
informative, particularly for investigators and clini-
cians hoping to intervene with children at risk for
developing adult anxiety disorders.

The specific mechanisms through which parental
behaviors or attitudes may exacerbate a child’s vulner-
ability are not known, but we suspect that parent–child
interactions that amplify the cognitive distortions dis-
cussed earlier may play a role. Thus, parenting behav-
iors that may increase the likelihood that a child will
become clinically anxious are those that influence 
a child to perceive negative events as uncontrollable 
or unpredictable, to anticipate adverse outcomes, 
to regard themselves as lacking a sense of personal
efficacy, to overestimate the likelihood of threat, and
to use avoidant coping strategies. Several theories have
been proposed to explain how parents may interact
with children to contribute to or exacerbate these 
vulnerabilities. Chorpita and Barlow have suggested
that a controlling parenting style might undermine a
child’s sense of being able to control his or her own
environment because the child has few opportunities
to direct situations and bring about change by himself
or herself (Chorpita & Barlow 1998). Spence has 
proposed other parental influences, which may be 
particularly common among anxious parents, such 
as modeling fearful behavior, encouraging avoidant 
coping strategies, encouraging children’s perceptions
of threat, and not promoting the child’s development 
of active coping strategies (Spence 1994). Krohne has
suggested that parental punitiveness, inconsistency,
and restrictiveness contribute to a child’s expectations
of negative outcome and a diminished sense of being
able to direct these outcomes (Krohne 1990, 1992).

Control and rejection

We are not aware of any prospective studies that
demonstrate a link between specific parenting prac-
tices and the later development of adult anxiety, but a
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The quality of parental bonding is presumed to
reflect the extent to which the child is securely versus
insecurely attached to the caregiver. As described by
Bowlby (1973), human infants are biologically pro-
gramed to behave in ways that increase proximity to
their caregivers and they engage in distress behaviors
(e.g. crying) when separated in order to increase their
safety. When caregivers respond in a sensitive and con-
sistent manner, it is believed that infants develop an
internal working model of parental responsiveness and
stability. This, in turn, leads them to expect that their
caregivers will be present when needed and will serve
as a safe base to which they can return after exploring.
These children are termed “securely attached” and are
likely to behave in a self-confident and secure manner
when older. In contrast, “insecurely attached” infants,
who tend to perceive their caregivers as unresponsive
or inconsistent, engage in less exploration and tend 
to be distressed and anxious while separated from
their parents or primary caregiver. This model finds
some empirical support in the findings of Warren and
colleagues, who observed that children who were 
insecurely attached as infants were twice as likely to
develop anxiety disorders by late adolescence (Warren
et al. 1997).

Investigators have examined whether certain child
characteristics may increase the likelihood of par-
ticular parental responses. However, because of the
cross-sectional nature of many studies, the direction of
causality regarding parental rearing practices and
child anxiety has tended to be unclear. That is, are 
children anxious because the parents are controlling or
critical towards them, or are the parents’ behaviors a
reaction to the presence of anxiety in children? In an
attempt to answer this question, Rubin and colleagues
examined parental perceptions of shyness in their 
children at age 2 and parental encouragement of ex-
ploration in unfamiliar situations at age 4 (Rubin et al.
1999). They found that parental perceptions of their
children’s shyness and social fears at age 2 predicted
how encouraging the parents were 2 years later; in
contrast, the parents’ encouragement at age 2 did not
predict how socially anxious the child was at age 4.
Interestingly, this finding was evident only for parents’
self-reported perceptions of children’s social with-
drawal and not with observational assessments made
by objective raters, suggesting that it is the parents’
subjective perception of children’s behaviors which
influences parental behaviors and attitudes towards

the child. Research that takes into account both the
presence of parental psychopathology and child status
would be helpful in determining whether these percep-
tions are more common among anxious parents.

Indeed, several studies have suggested that parental
psychopathology contributes to the ways parents
behave or respond toward their anxious or inhibited
children. In their sample of adults with panic disorder
and psychiatric controls, Hirshfeld and colleagues
found that mothers with a lifetime history of anxiety
disorder were more likely to express criticism when
discussing their behaviorally inhibited child than were
psychiatric control mothers without anxiety disorders
(Hirshfeld et al. 1997a). A recent observational study
yielded similar results. Whaley and colleagues com-
pared the interactional patterns of anxious mothers,
many of whom had panic disorder and agoraphobia,
and their children to the patterns of anxiety- and
depression-free controls mothers and their children
(Whaley et al. 1999). The authors found that anxious
mothers with anxious children were more controlling
than were anxious mothers with nonanxious children
or the control mothers with nonanxious children.
Furthermore, compared to control mothers of non-
anxious children, anxious mothers with anxious 
children were also more critical and catastrophizing
toward their children than were control mothers.
Anxious mothers, regardless of the child’s anxiety 
status, were found to be less warm and positive, than
were the control mothers. In addition, in an uncon-
trolled study, Manassis and colleagues found results
suggesting that mothers with anxiety disorders had a
high rate of forming insecure attachments with their
young children (Manassis et al. 1994).

Reinforcement of avoidant coping strategies and
modeling fearful behavior

Parents may also influence a child’s anxiety directly by
reinforcing the child’s use of avoidant coping strat-
egies or by fearful behavior. Barrett and colleagues
reported that in families of clinically referred chil-
dren with social anxiety, general anxiety, separation
anxiety, or specific phobias, family discussions about 
suggestions for coping with hypothetical ambiguous
situations served to increase the child’s formulation of
an avoidant coping response (Barrett et al. 1996a;
Dadds et al. 1996). In the retrospective study of adults
with social phobia, panic disorder, and their mothers
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comparisons of individuals with panic disorder to
other anxious groups have yielded mixed results with
respect to the specificity of negative events and the
development of later panic disorder. For example, one
study found that patients with panic disorder reported
more adverse events over the total course of their lives
compared to those with OCD (De Loof et al. 1989). 
In contrast, other investigations have found no differ-
ences in the rate of parental death among individuals
with panic disorder, agoraphobia, or simple phobia
(Thyer et al. 1988) and have observed that early trau-
matic events are common to many psychiatric groups
(Jacobson 1989).

Investigations have also focused on the role of 
proximate triggering events in the onset of anxiety. In
a naturalistic study of 223 panic disorder patients,
Manfro and colleagues observed that 80% of the sub-
jects reported having had at least one negative stressful
event in the year prior to onset of the disorder (Manfro
et al. 1996). Similarly, Faravelli found that panic patients
reported a greater incidence of negative stressful events
in the year prior to the onset of panic disorder com-
pared to normal controls (Faravelli 1985). Faravelli
and Pallanti (1989) found that patients with panic dis-
order had significantly higher life stress, particularly in
the month prior to their first panic attack. Negative life
events are also implicated in the development of other
anxiety disorders, such as social phobia and PTSD,
whose diagnosis specifically requires the occurrence 
of an identifiable traumatic event. Studies of socially
phobic adults have found that individuals with social
phobia often attribute the onset of their social anxiety
to traumatic conditioning experiences, such as extreme
embarrassment or humiliation (Öst 1987; Stemberger
et al. 1995), particularly among individuals who fear
specific social situations rather than social situations
generally (Stemberger et al. 1995). However, the occur-
rence of negative experiences does not necessarily
appear to be sufficient for the development of either
social phobia or PTSD. For example, Stemberger and
colleagues observed that 20% of nonsocially anx-
ious controls reported traumatic social experiences
(Stemberger et al. 1995), and individual differences
appear to account more for the development of PTSD
than do event characteristics (for review see Bowman
1999). As noted by Mineka and Zinbarg (1995), con-
ditioning experiences or negative events may result in
an acute anxiety disorder primarily among those who
have a pre-existing vulnerability, such as an anxious

by Rapee and Melville described earlier, the authors
found that mothers of anxious adults were signi-
ficantly less likely to engage in social activities than
were mothers of nonanxious controls, suggesting a
modeling mechanism (Rapee & Melville 1997). This
hypothesis finds further support in the discovery that
infant shyness is negatively related to sociability in
adoptive as well as biological parents (Daniels &
Plomin 1985).

Parental modeling and verbal transmission of
threatening information have been identified as poten-
tial influences on the development of specific phobias
in offspring, although it should be noted that there 
is also evidence for the role of nonassociative factors 
in the development of childhood fears (Menzies &
Clarke 1993; for review see King et al. 1998; Menzies
& Harris 2001; Muris & Merckelbach 2001). It has
also been suggested that parental modeling of avoidant
or compulsive behaviors may play a role in childhood
OCD (Henin & Kendall 1997), and Silverman and col-
leagues have hypothesized that that anxious parents
who avoid a wide range of situations may explicitly or
implicitly encourage their children to avoid situations
that they fear (Silverman et al. 1988). Consistent with
the hypothesis of parental modeling, Capps and col-
leagues (Capps et al. 1996) observed that agoraphobic
mothers’ level of anxiety regarding separation from
their children was negatively associated with the chil-
dren’s level of perceived control over environmental
risks and stress. Therefore, parental facilitation of
avoidant coping, modeling of anxious or avoidant
responses, and transmission of threatening informa-
tion may all play a role in fostering or maintaining 
a child’s anxiety.

Life events

Retrospective studies of adults find that stressful life
events are common in the histories of anxious indi-
viduals. In some studies, adults with anxiety disorders
report the presence of early stressful life events that
precede the onset of the disorder by a number of years.
For example, adults with panic disorder and/or agora-
phobia report a greater incidence of childhood parental
separation (Faravelli et al. 1985; Laraia et al. 1994)
and having household members with chronic physical
illness or with substance use problems (Laraia et al.
1994) compared to nonpsychiatric controls. However,
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temperament or low perceived control. Anxious indi-
viduals may be differentiated from nonanxious indi-
viduals less by the experience of more negative life
events than by their perception that the events are
more subjectively distressing (Rapee et al. 1990).

Two studies have found cross-sectional associations
between specific types of adverse life events and anxi-
ety in children and adolescents. However, in neither
study was the temporal relation between the stressor
and the onset of anxiety ascertained. In a large popula-
tion sample of 13 years-old twins, Eley and Stevenson
(2000) compared the occurrence of loss versus threat
events in the previous year among children who scored
high on measures of depression or trait anxiety. They
observed that anxious children scored significantly
higher than did nonanxious children for threat but not
for loss events, and that the depressed children scored
significantly higher on loss but not threat than did the
nondepressed children. In addition, they found that
anxious probands scored significantly higher on threat
events than did their nonanxious cotwins, even when
exclusively examining monozygotic twin pairs. The
authors interpreted the latter finding to suggest that
factors resulting in the association between threat
events and anxiety are individual-specific and are not
due to genetic influences (that is, they may be learned
or acquired through unshared experiences). In another
study, Tiet and colleagues (Tiet et al. 2001) assessed 
an epidemiological sample of 9–17 year-old children
for rates of adverse life events in the past year that the
children considered “negative experiences.” Different
patterns of life events emerged among children with
different diagnoses. Overanxious disorder and sep-
aration anxiety disorder were associated with more
negative life events than were agoraphobia and social
phobia. Particularly strong associations were observed
between child separation anxiety and the child starting
a new school or a parent beginning a new job.

The precise mechanism through which adverse life
events relate to anxiety is not known. As suggested by
Eley and Stevenson (2000), a number of hypotheses
exist: stressful events may precipitate anxiety, indi-
viduals who are predisposed to become anxious or
already are anxious may bring about negative events, 
a third factor (e.g. chaotic living conditions) may
account for both the occurrence of the event and 
the anxiety, or anxious individuals may over-report
events or interpret them as more distressing because of
cognitive biases. Given the observation that subjective

distress related to a stressful life event differentiates
anxious adults from nonanxious controls (Rapee et al.
1990), one may hypothesize that subjective distress
and coping in response to negative life events may 
play a role in youth anxiety as well. Indeed, a recent
study of normal adolescents found that rumination,
self-blame, and catastrophizing as coping strategies 
in response to negative life events were associated 
with greater reported anxiety symptoms (Garnefski,
Kraaj, & Spinhoven 2001). In contrast, self-reported
use of positive reappraisal as a coping strategy was
associated with lower self-reported anxiety. Thus,
although adverse life events may be common in the 
histories of anxious individuals, subjective distress and
coping styles may play an important role in determin-
ing the extent to which the stressor exerts a negative
influence.

Peers

A number of studies have found that dysfunctional peer
relationships are associated with anxiety disorders (for
review see Masia & Morris 1998). For example, Strauss
and colleagues found that 6–13 year-old anxious 
children were more likely to be neglected by their peers
than were psychiatric and nonpsychiatric controls
(Strauss et al. 1988). Similarly, LaGreca and colleagues
observed that 7–11 year-old children who were neg-
lected by their peers were more likely to report social
anxiety and fear of negative evaluation than were 
children from other groups (LaGreca et al. 1988). In
retrospective studies, shy adolescents or avoidant
adults reported unpleasant experiences with peers
(Ishiyama 1984), or bullying or harassment as children
(Gilmartin 1987). However, based on these findings, 
it is not clear whether peer behavior influences child
anxiety or whether anxious children elicit neglect or
rejection from peers. A longitudinal study suggests that
social withdrawal in children becomes increasingly
unacceptable to peers as children become older and, in
turn, contributes to later rejection. Rubin and col-
leagues followed 50 US second grade children over a 
3-year period and found that the association between
social withdrawal and peer rejection increased with
age (Rubin & Mills 1988), as did a negative association
between popularity and anxiety (Hymel et al. 1990).
Thus, it may be that as withdrawn children become
older and are rejected by their peers, their withdrawal
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incapable of coping (e.g. that signs of anxiety, obsess-
ive thoughts, or peer interactions are harmful and
uncontrollable).

Testing these hypothesized mechanisms would require
a combination of longitudinal naturalistic studies,
twin studies, adoption studies, and intervention stud-
ies. These might include the following examples of
programatic research: (i) Research that identifies specific
biological or behavioral markers of a vulnerability to
become anxious prior to the acute onset of the anxiety
and then longitudinally examines the environmental
conditions and processes through which clinically
meaningful anxiety ensues could be crucial to identify-
ing at-risk children and informing preventive efforts.
For instance, researchers could prospectively compare
behaviorally inhibited children and noninhibited chil-
dren of anxious parents to those of nonanxious par-
ents to determine the relative influences of genes, child
temperament, and parental anxiety on the development
of child anxiety over time. Attention could also be
devoted to identifying protective factors among chil-
dren with one or more risk factor who do not develop
psychopathology. The inclusion in longitudinal studies
of observational measures of parent–child interactions
at different developmental stages and the systematic
assessment of life events and peer relations over the
child’s life would contribute to an enhanced under-
standing of how environmental variables may serve as
moderators of outcome in at-risk children. (ii) Efforts
to answer these questions would be greatly enhanced
by twin studies of children (such as those conducted by
Goldsmith & Lemery 2000), which would examine
both child temperament and a full spectrum of child
psychopathology. (iii) Ideally, the hypothesized mech-
anism could be tested through adoption studies, 
especially if, as may be increasingly the case with open
adoptions in the US, the temperamental and psychi-
atric histories of biological as well as adoptive parents
could be assessed. (iv) Finally, experimenters could
randomize children from different (temperamental,
familial, genetic, and environmental) risk groups to con-
trolled interventions aimed to decrease child anxiety or
inhibition and/or parental anxiety (or other environ-
mental influences such as peer rejection) to help deter-
mine the extent to which these factors are malleable
and the circumstances under which interventions may
be most helpful. Looking toward the future, one would
aim to be able to categorize a given child’s profile of
risk and to put together an individualized program of

and introversion are exacerbated by the development
of low self-esteem and expectations of negative social
events.

Summary of hypothesized risk factors
and tentative etiological model

Although some individuals may experience the onset
of clinically meaningful anxiety in adulthood, adult
anxiety disorders are commonly characterized by child-
hood antecedents. As reviewed in this chapter and
summarized in Table 9.1, children who may be at the
greatest risk of experiencing anxiety in adulthood are
those who: (i) demonstrate early signs of an anxious
disposition (e.g. childhood anxiety disorders and/or
inhibited temperament); (ii) have a family history of
anxiety; (iii) fear physiological arousal (i.e. demon-
strate anxiety sensitivity); and (iv) are biased toward
interpretation of threat, overestimation of risk, and
underestimation of perceived control, and the use of
avoidance to cope with feared situations. Anxiety 
may be further influenced on the part of parents by
modeling poor coping, facilitating anxious coping (e.g.
through facilitating avoidance or overprotecting), or
being overly restrictive, critical or rejecting. It may be
influenced as well by stressful life events and dysfunc-
tional peer relationships.

Although there is a growing body of literature on
child antecedents, questions still remain regarding the
specificity of these risk factors in relation to particular
forms of adult anxiety disorders. Moreover, uncer-
tainty also exists regarding the mechanism through
which these risk factors may give rise to adult psy-
chopathology. For example, one might speculate that
as a result of genetics, certain children are biologically
predisposed to have a low threshold for physiological
arousal or to be easily conditioned to fear various
objects, places, or situations. Behaviorally, this pre-
disposition may manifest itself early in life as high
reactivity, social withdrawal, and/or specific child-
hood anxiety syndromes such as separation anxiety,
social phobia, agoraphobia, or specific phobias. Indi-
vidual environmental moderators, such as parental
modeling of anxiety, overprotectiveness, and criticism,
stressful life events, and adverse peer relations, may
interact with a child’s pre-existing biological diathesis
by psychologically reinforcing the child’s belief that
the world is a dangerous place and that he or she is
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Table 9.1 Potential indicators of risk for adult anxiety disorders. (Adapted from Hirshfeld et al. 1998.)

Constitutional factors
Genetic factors Family history of anxietya,b

Childhood psychopathology Childhood anxiety disordersc,d

Temperamental factors Behavioral inhibition to the unfamiliar: a tendency to exhibit fear (toddlerhood) and 
quiet restraint (early childhood) in response to novel situationsc,d,e,j

Heightened limbic-sympathetic arousal in response to novel situations in some inhibited 
childrend

Anxiety sensitivity: a tendency to catastrophically misinterpret and fear physiological 
sensations associated with arousale,h,i, j

?Other cognitive biases: tendency to misperceive and magnify threat; tendency to 
underestimate competency for coping; expectations of unpredictability and 
uncontrollability of negative events; overestimation of risk of adverse outcome

Psychological vulnerability factors
Cognitive predispositions Anxiety sensitivity: a tendency to catastrophically misinterpret and fear physiological 

sensations associated with arousale,h,i, j

?Other cognitive biases: tendency to misperceive and magnify threat; tendency to 
underestimate competency for coping; expectations of unpredictability and 
uncontrollability of negative events; overestimation of risk of adverse outcome

Behavioral tendencies eTendency to cope via escape or avoidant strategies
?Deficit of skills for coping with anxiety-inducing situations

Environmental factors
Parental influences Overprotectionc,e,f

Encouragement of avoidant behaviorc,g

Low warmth or high rejectionc,e

Parental restrictiveness and controlc,e,g

High criticismg

Life events Negative life events associated with subjective distress serve as precipitantsc,?e

History of adverse or traumatic life eventsc,?e

Peers Peer neglectl

Peer rejection or humiliationc,k

Nature of supporting evidence: aFamily studies. bTwin studies. cRetrospective accounts by anxious adults. dStudies of offspring of anxious
patients. eReports by children with anxiety disorders. fReports by parents of patients with anxiety disorders. gObservations of parent–child
interactions in families of anxiety-disordered or high-trait anxious children. hProspective studies of adults who develop panic attacks.
iExperiments with children. jProspective studies of children and adolescents. kProspective studies of anxious/withdrawn children. lPeer
nomination studies.

Note: Question marks indicate hypothesized factors that are theoretically related but await empirical support.



of parent anxiety and child anxiety (Cobham et al.
1998). Other helpful interventions include those designed
to reduce parental control and intrusiveness among
anxious-withdrawn preschool children (LaFreniere &
Capuano 1997), pairing peer-neglected children with
popular children to increase social status and positive
interactions with other children (Morris et al. 1995),
and cognitive behavioral therapy, including exposure,
skills training, and practice sessions for interacting
with nonanxious peers, for social phobia (Beidel et al.
2000). For children with more severe or debilitating
anxiety, pharmacological treatment may be indicated.
Regardless of the cause, swift identification and treat-
ment may offer the best possibility of minimizing
future dysfunction and promoting maximally adaptive
anxiety management and coping.
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Anxiety and Schizophrenia
R.A. Emsley & D.J. Stein

• Panic disorder and schizophrenia.
• Post-traumatic stress disorder (PTSD) and schizo-
phrenia.
• Social phobia and schizophrenia.
• Anxiety and antipsychotic agents.

Epidemiology

Estimates of the frequency of anxiety symptoms and
syndromes in schizophrenia vary widely, depending on
which populations of subjects are investigated, and
which instruments are used to assess anxiety. So, for
example, studies estimating the prevalence of comor-
bid anxiety disorders in schizophrenia have reported
different findings. In a study in which the patterns 
and clinical correlates of psychiatric comorbidity were
explored in a sample of 96 hospitalized patients with
psychotic symptoms (schizophrenia spectrum and mood
spectrum psychoses), the total lifetime prevalence of
comorbid psychiatric disorders in the entire cohort
was 57.3% (Cassano et al. 1998). Of these, 32.3% had
more than two comorbid diagnoses. Anxiety disorders
featured prominently. The most frequently observed
comorbid disorders among the schizophrenia spectrum
disorders were OCD (29%), panic disorder (19.4%),
major depressive disorder (19.4%), social phobia
(16.1%), substance abuse/dependence (9.7%), alcohol
abuse/dependence (6.5%) and simple phobia (3.2%).
It was noted that generalized anxiety disorder was
difficult to assess in psychotic patients. Comorbid social
phobia, substance abuse disorder and panic disorder
showed the greatest association with psychotic symp-
toms. No significant differences in gender, educational

Introduction

Schizophrenia is a disease of the brain that expresses
itself with a mixture of characteristic signs and symp-
toms involving perception, thought, language and
communication, behavior, movement, affect, volition
and attention. These signs and symptoms are usually
associated with marked social and vocational impair-
ment. Indeed, schizophrenia is the most severe and
debilitating of all psychiatric disorders, and exacts
enormous emotional and economic costs worldwide.

Symptoms of anxiety are frequently encountered
during the course of schizophrenia. They may occur
during any phase of the illness. There are many reasons
why patients with schizophrenia may develop symptoms
of anxiety, such as: response to adverse life-events (e.g.
involuntary hospitalization, unemployment, broken
relationships); reaction to terrifying psychotic experi-
ences; substance intoxication or withdrawal (there is 
a very high incidence of substance abuse in patients
with schizophrenia); neuroleptic-induced anxiety (either
directly, e.g. akathisia, or indirectly, e.g. in reaction 
to the distressing experience of developing an acute
dystonic reaction); comorbid anxiety disorders; co-
morbid major depression; or the possibility that affect-
ive symptoms are a core feature of the schizophrenic
illness itself.

This chapter will deal with the following topics relev-
ant to anxiety in schizophrenia:
• Epidemiological aspects of anxiety in schizophrenia.
• Anxiety symptoms as a core dimension of schizo-
phrenia.
• Obsessive-compulsive disorder (OCD) and schizo-
phrenia.
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Cosoff and Hafner (1998) evaluated the prevalence
of anxiety disorders in 100 inpatients with a Diagnostic
Statistical Manual, fourth edition (DSM-IV; American
Psychiatric Association [APA] 1994) diagnosis of schizo-
phrenia, schizoaffective disorder or bipolar disorder.
The proportion of subjects with an anxiety disorder was
similar across the three diagnostic groups (43–45%).
The most common disorders in the schizophrenia group
were social phobia (17%), OCD (13%) and general-
ized anxiety disorder, while in the bipolar group the
most common comorbid diagnoses were OCD (30%)
and panic disorder (15%). Almost none of the subjects
were receiving treatment for their comorbid anxiety
disorders, and in fact these conditions were rarely 
recognized. The authors point out that, in view of the
fact that anxiety disorders are relatively responsive to
treatment, greater recognition of their coexistence with
psychotic disorders should yield worthwhile clinical
benefits.

Aspects of the epidemiology of specific anxiety dis-
orders in schizophrenia will be discussed in the relevant
sections below.

Anxiety symptoms as a core dimension
of schizophrenia

It has become clear that affective symptoms are fre-
quently encountered in patients with schizophrenia, 
in spite of the fact that diminished affective response,
as initially described by both Kraepelin and Bleuler, 
is a key feature of the illness. These anxious and
depressive symptoms do not appear to be ascribable 
to comorbid mood and anxiety disordersathey coexist
with the acute psychotic symptoms, and usually resolve
with successful antipsychotic treatment (Koreen et al.
1993).

Clinical features

For many years, when investigating the symptoms of
schizophrenia, the focus of attention fell on the positive
and the negative symptoms. Crow (1980) introduced
the concept of two broad dimensionsapositive and
negative symptomsathat represented different subtypes
of schizophrenia. However, subsequent studies prefer-
entially yielded a three-dimensional model of negative,
psychosis and disorganization factors. More recently,
and particularly with the advent of the second-generation

and employment status were found between those with,
and those without comorbid psychiatric disorders.
Somatic delusions were more frequent in subjects with
comorbidity, while delusions of control were more 
frequent in subjects without comorbidity. Frequency of
hallucinations and other behavioral symptoms did not
differ between subjects with and without comorbidity.

These authors suggest that psychiatric comorbidity
has been relatively less investigated in psychotic dis-
orders for three main reasons. First, it has frequently
been assumed that any concomitant psychiatric dis-
order that is hierarchically lower than the principal
diagnosis may not require an adjunctive diagnosis.
Second, concomitant psychiatric syndromes in psychosis
may represent nonspecific by-products of psychosis
rather than distinct co-occurring disorders and, third,
the validity of multiple diagnoses in psychotic disor-
ders may be confounded by factors such as symptom
overlap, effects of treatments and information bias.

Considerably lower prevalence rates of comorbid
disorders were found in a study investigating a sample
of 102 first-hospitalized psychotic patients (schizophre-
nia spectrum, mood disorders and delusional disorder)
(Strakowski et al. 1995). The overall psychiatric com-
orbidity was 40.2%. Substance abuse was the most
commonly diagnosed disorder in this sample, with
alcohol abuse/dependence being reported in 18.6%
and other substance abuse/dependence in 13.7% of
the subjects. Regarding the anxiety disorders, OCD
was diagnosed in 7.8%, simple or social phobia in
6.9% and panic disorder in 5.9%. Patients with
schizophrenia spectrum disorders had the highest rate
of comorbid diagnoses. The presence of a comorbid
diagnosis in these patients was associated with longer
hospitalization.

On the other hand, in a cohort of subjects with 
nonaffective psychoses ascertained from the general
population in the National Comorbidity Survey, pre-
valence rates of psychiatric comorbidity were consider-
ably higher (Kendler et al. 1996). In this survey, only
7% of subjects did not receive at least one additional
psychiatric diagnosis. The most common comorbid
disorders were alcohol dependence (43.2%), other sub-
stance dependence (37.7%), social phobia (39.5%),
simple phobia (30.8%), and panic disorder (25.5%).
One reason for the high levels of comorbid diagnoses
in this study is that a community-based sample is 
more likely to include patients with untreated forms of 
illness.
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antipsychotics, attention has shifted to other symptoms
that accompany the illness. The Positive and Negative
Syndrome Scale (PANSS) (Kay 1991) identified an
affective dimension, comprising anxiety and depress-
ive symptoms. Using principal component and factor
analytical techniques, Kay (1991) found that anxiety
and depressive symptoms clustered together as a single
factor. This finding has been replicated in subsequent
work (Hansen et al. 1998; Lykouras et al. 2000).

In a study, for example, in which we investigated
depressive and anxiety symptoms in a sample of 177
subjects with schizophrenia or schizophreniform dis-
order who were assessed by means of the PANSS
(Emsley et al. 1999a), we were initially interested 
in looking at anxiety and depressive symptoms separ-
ately. To determine whether these were in fact separate
entities, we selected the PANSS items that we con-
sidered to represent “pure” anxiety symptoms (G2
[anxiety] and G4 [tension]) and depressive (G3 [guilt
feelings] and G6 [depression]) symptoms and cor-
related them. A highly significant correlation was
found between these factors, indicating that depress-
ive and anxiety symptoms largely occurred together in
our sample of patients. We therefore examined depres-
sion and anxiety factors together, using the items
identified by Kay for the affective factor (G1 [somatic
concern], G2 [anxiety], G3 [guilt feelings] and G6
[depression]) (Kay 1991). Of particular interest was
that depressive and anxiety symptoms were more 
common in patients with predominantly positive
symptoms. Positive symptoms in turn are more com-
mon in younger patients, in first psychotic episode,
and in womenafindings that may account also for the
association of affective symptoms with these clinical
and demographic variables. Furthermore, depressive
and anxiety symptoms predicted a positive response to
pharmacotherapy.

The significant correlation that we found between
affective symptoms and positive symptoms is consist-
ent with other studies reporting a similar association
(Norman & Malla 1994; Lysaker et al. 1995). Several
possible explanations exist for this finding. First,
according to the stress-diathesis model, these affective
symptoms may constitute a stressor that triggers a 
psychotic episode (Siris 1993). Second, the affective
symptoms could be secondary to the positive symp-
toms and, third, it could be that affective symptoms
and positive symptoms are common manifestations 
of the same underlying pathologic process. The latter

explanation is consistent with a previous proposal that
affective symptoms are a core part of schizophrenia
that occur at the height of the psychosis and diminish
over time with treatment (Koreen et al. 1993).

Course

Whatever the origins of these affective symptoms in
schizophrenia, they are of considerable clinical import-
ance. Their existence may compromise social and
vocational functioning, they may detrimentally effect
compliance, and they are associated with an increased
risk of relapse (Birchwood et al. 1993) and suicide
(Roy et al. 1983).

The presence of affective symptoms in the acute
phases of schizophrenia appears to be associated with
a favorable outcome (Kay & Lindenmayer 1987; Siris
1991; Emsley et al. 1999a). In fact, Kay (1991), in his
factor analysis of PANSS scores, found that the affect-
ive dimension was the only clinical variable to emerge
as a reliable predictor of good outcome. However, 
in the chronic course of the illness affective symptoms 
are associated with a poorer outcome (McGlashan &
Carpenter 1976; Mandel et al. 1982).

Pathogenesis

Considerable progress has been made over the past
decade or so in our understanding of the biological
basis of many psychiatric disorders, including schizo-
phrenia and the anxiety disorders. Accumulating evid-
ence indicates that the symptoms of schizophrenia are
related to neurochemical and/or morphological brain
abnormalities. Particularly from a neurochemical and
psychopharmacological point of view, there are inter-
esting points of convergence between schizophrenia
and the anxiety disorders. This raises the possibility
that interplay between neurotransmitter systems could
account for at least some of the circumstances where
schizophrenia and anxiety disorders coexist. Of particu-
lar interest in this regard are the dopaminergic and
serotonergic systems. Although a range of additional
neurochemical systems (glutamate, benzodiazepine,
peptide, hormonal) may also be pertinent, we will focus
on these two systems.

Dopamine and schizophrenia
For decades, the “dopamine (DA) hypothesis” was
regarded as the most likely model for explaining the
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antagonism is claimed to have beneficial effects on 
both positive and negative symptoms of the illness 
(Abi et al. 1997). Although postmortem studies have
been mostly inconclusive, the most promising find-
ings involve a reduction in 5-HT2 receptors and 5-HT
re-uptake sites in the prefrontal cortex of schizophrenic
patients (Ohuoha et al. 1993). However, recently 
(Lewis et al. 1999) in a PET study of 13 drug-free
schizophrenics and 26 matched controls, failed to 
find a decrease in 5-HT receptors. These authors con-
cluded that a primary serotonergic abnormality in
schizophrenia, if one exists, is either minor, or unlikely
to involve the 5-HT2 receptors. They suggest that 
the therapeutic contribution for 5-HT2 antagonists 
is likely to be an indirect one. Bleich et al. (1988) 
proposed that 5-HT postsynaptic receptor hyper-
sensitivity could be related to the negative symptoms
of schizophrenia.

Dopamine–serotonin interaction
There are various complex anatomical and functional
interactions between DA and 5-HT. Overall, reduced
5-HT activity is associated with enhancement of DA
activity. This interaction may account for the bene-
ficial effects of the second-generation antipsychotics.
Meltzer (1989) formulated a serotonin-dopamine hypo-
thesis, proposing that abnormalities in serotonergic
modulation of dopaminergic activity played a role in
schizophrenia. He also proposed that the enhanced
antipsychotic effect of clozapine and other second-
generation antipsychotics might be due to norm-
alization of the interactions between 5-HT and DA
systems, as all of these compounds have strong 5-HT
antagonistic properties. On the basis of molecular 
biological studies suggesting that allelic variations 
of 5-HT receptor genes may affect both susceptibil-
ity to schizophrenia and clinical response to atypical
antipsychotics, it has been suggested that 5-HT recep-
tors are critical sites of second-generation antipsy-
chotic action (Busatto & Kerwin 1997). While the
association between striatal D2 receptor occupancy
rates and antipsychotic efficacy is not entirely clear-
cut, 5-HT2A occupancy rates are associated with
favorable treatment outcome for depressive symptoms
and cognitive function in schizophrenia (Kasper et al.
1999).

Taken together, strong evidence exists for the
involvementaeither directly or indirectlyaof dopamin-
eregic and serotonergic systems in both schizophrenia

pathophysiology of schizophrenia. This hypothesis
proposes that the symptoms of the illness are related 
to increased central dopaminergic neurotransmission
(Davis et al. 1991). Supportive evidence includes 
the following: DA receptor blockers are effective 
in treating the illness (Snyder 1976); DA agonists 
are known to exacerbate the symptoms of schizo-
phrenia (Snyder 1972); increased numbers of D2
receptors have been found in postmortem schizo-
phrenic brains (Clardy et al. 1993); positron-emission
tomography (PET) studies show a relationship between
striatal D2 receptor occupancy and clinical efficacy
(Kapur & Remington 1996); and PET studies indicate
an abnormal function of presynaptic dopaminergic
neurones (Farde 1997). Although the DA hypothesis
has proven untenable in its original form, research
over the past decade or so gives compelling evidence
for a role for DA.

One of the problems with the original hypothesis
was that not all of the core symptoms of the illness are
equally responsive to treatment with DA antagonists.
The negative symptoms and cognitive deficits are par-
ticularly difficult to treat with conventional antipsy-
chotic agents. Another problem was that the second
generation antipsychotic clozapine, while being the
most effective treatment for chronic schizophrenia,
has the lowest levels of D2 occupancy of all the
antipsychotic agents (Farde et al. 1994) indicating that
other pathways are also likely to be involved.

Serotonin and schizophrenia
Serotonin (5-hydroxytryptamine [5-HT]) has frequently
been implicated in the etiology of schizophrenia.
Recently, interest in the relationship between 5-HT
and schizophrenia has been rekindled due to the fact
that the second-generation antipsychotic agents are
potent 5-HT2A receptor antagonists and relatively
weak D2 antagonists (Iqbal & van Praag 1995). These
drugs have a reduced potential for inducing extrapyra-
midal side-effects, and as a group appear to have greater
efficacy in treating negative and mood symptoms and
in improving cognitive function in schizophrenia
(Meltzer 1999).

However, studies report variable and inconsistent
results, and the nature of 5-HT involvement in schizo-
phrenia is still unclear. While postmortem brain tissue
analysis, cerebrospinal fluid studies, and pharmaco-
logical challenges point to a deficit in 5-HT function 
in the cortex of patients with schizophrenia, 5-HT2

CHAPTER 10

166



ANXIETY AND SCHIZOPHRENIA

and the anxiety disorders. It seems likely that these 
two systems are particularly relevant in patients with
comorbid schizophrenia and anxiety disorders. The
underlying mechanisms involved appear to be com-
plex, and different patterns of dysregulation of these
neurotransmitter systems may explain the emergence
of different anxiety syndromes in subjects with schizo-
phrenia. Also, the effect of antipsychotic medication,
particularly the new 5-HT2 D2 antagonists, seems to
be considerable.

Treatment

Of further importance is the fact that these affective
symptoms appear to be amenable to treatment. In the
acute phase, most affective symptoms resolve with suc-
cessful treatment of the psychosis with antipsychotics
(Koreen et al. 1993). Perhaps because of their seroton-
ergic effects (see above), the atypical antipsychotics
may be particularly valuable in treating the affective
dimension of schizophrenia symptoms. Recently,
olanzapine was found to be more effective than
haloperidol in reducing depressive signs and symp-
toms in patients with schizophreniaaan effect that was
independent of improvement in psychotic symptoms
(Tollefson et al. 1998). In two other trials, the efficacy
of olanzapine in treating anxious and depressive symp-
toms accompanying schizophrenia was assessed. In the
first study the sample comprised 335 subjects with
chronic schizophrenia in acute exacerbation. Anxiety
and depressive symptoms were assessed by means of
the Brief Psychiatric Rating Scale (BPRS) cluster (items
1, 2, 5, 9). Three fixed doses of olanzapine (5, 10 or 
15 mg ± 2.5 mg) were compared to haloperidol 10–
20 mg or placebo over 6 weeks. Two dose ranges of
olanzapine (10 and 15 mg) were superior to placebo,
whereas haloperidol was not (Tollefson et al. 1998).
The second study was a posthoc analysis of the BPRS
anxiety-depression cluster in a sample of 1996 subjects
with schizophrenia or a related diagnosis randomly
assigned to olanzapine (5–20 mg/day) or haloperidol
(5–20 mg/day) in a multinational, double-blind trial.
Olanzapine therapy was associated with a significantly
greater baseline to endpoint improvement in the affect-
ive cluster compared to haloperidol therapy (Tollefson
& Sanger 1999). Also, decreased levels of depression and
suicidality have been reported in treatment-refractory
patients who were treated with clozapine (Meltzer &
Okayli 1995).

OCD and schizophrenia

It has been long recognized that there are similarities
between the symptoms of OCD and schizophrenia.
The first description of obsessive-compulsive (OC)
symptoms in patients with schizophrenia appeared 
in the literature in 1878 (Westphal 1878). In fact, 
early descriptions of OCD regarded the condition as
having intrinsic connections to psychotic disorders,
and patients with combined OC and psychotic symp-
toms were considered to be suffering from a variant 
of schizophrenia. However, the later development 
of a fundamental dichotomy between neurotic and
psychotic disorders resulted in OCD coming to be
regarded as a neurosis. Insel and Akiskal (1986) argue
that the tradition of labeling OCD as a neurosis has
resulted in clinicians overlooking aspects of the syn-
drome that resemble psychotic rather than neurotic
psychopathology.

Recently, however, the association between OCD
and schizophrenia has again become a topic of inter-
est. Not only does this association raise important 
clinical considerations, but also investigation of sub-
jects with comorbid OCD and schizophrenia may shed
new light on the pathogenesis of the two disorders.
Generally, researchers have investigated an associ-
ation between the two disorders from two different 
perspectives: OC symptoms in patients with schizo-
phrenia and other psychotic disorders; and psychotic
symptoms in patients with diagnosed OCD.

Clinical features

Earlier studies, which suffered from various meth-
odological shortcomings, reported a variable rate of
comorbidity between these two disorders. More recent
work, in which systematic diagnostic criteria have
been used, suggest that the rate of coexistence of symp-
toms of the two disorders is higher than previously
thought, and higher than could be expected by chance
(Berman et al. 1998; Emsley et al. 1999b).

Obsessive-compulsive symptoms in schizophrenia
The frequency of occurrence of OC symptoms in pati-
ents with schizophrenia has been reported as between
3.5% and 25% (Rosen 1957; Fenton & McGlashan
1986; Poyurovsky et al. 1999; Kruger et al. 2000). The
wide variation in frequency probably reflects different
methods of assessment, different samples studied and
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different criteria used to diagnose OC symptoms as
well as schizophrenia.

Early studies used retrospective or other problematic
methodologies. Rosen (1957) retrospectively reviewed
the charts of 848 patients with schizophrenia and
found prominent OC features in 30 (3.5%). These
patients had more prominent depressive and paranoid
features and appeared to have a favorable prognosis.
The OC symptoms either preceded or coincided with
the onset of the psychotic symptoms in every case.
However, in only 7 of these cases did the delusion 
represent a transition from an obsession. In another
retrospective review of 163 patients with DSM-III
(APA 1980) diagnosed schizophrenia, Fenton and
McGlashan (1986) found that 21 (12.9%) of their
subjects with schizophrenia had prominent OC symp-
toms. Berman et al. (1995a) interviewed the treating
physicians in a sample of 102 patients with chronic
schizophrenia. Prominent OC symptoms were reported
in 27 (25%) (Table 10.1).

More recent studies have used prospective designs
with structured interviews. Eisen et al. (1997) found
that only 6 (7.8%) of 77 patients with schizophrenia
or schizoaffective disorder also met DSM-III-R (APA
1987) criteria for OCD. This was a well-designed
study that utilized the Structured Interview for DSM-
III-R (SCID) and the Yale–Brown Obsessive Com-
pulsive Scale (Y-BOCS), as well as a review of the
patients’ charts and an interview with the treating 
clinicians. In another methodologically sound study
50 hospitalized patients with first-episode psychosis

who met DSM-IV criteria for schizophrenia spectrum 
disorders were assessed for OCD (Poyurovsky et al.
1999). Patients were again assessed by means of the
SCID and Y-BOCS, as well as the Schedule for 
the Assessment of Positive Symptoms (SAPS) and the
Schedule for the Assessment of Negative Symptoms
(SANS). Seven patients (14%) met DSM-IV criteria 
for OCD. The subjects with OCD had significantly
lower scores than the subjects without OCD on the
formal thought disorder subscale of the SAPS and 
the flattened affect subscale of the SANS. The authors
proposed that the coexistence of OCD with schizo-
phrenia might have a “protective” effect on some of
the symptoms of schizophrenia. Finally, Kruger et al.
(2000) found that 12 of 76 patients (15.8%) with
schizophrenia met the criteria for OCD. Compared 
to the schizophrenic subjects without OCD, these sub-
jects had more motor symptoms, including catatonia.
This finding was regarded as supportive of a basal 
ganglia-frontal lobe connection linking OCD with
schizophrenia.

While the latter three studies looked at the coexist-
ence of OC disorder in patients with schizophrenia,
the incidence of OC symptoms is likely to be consider-
ably higher. In a sample of 13 patients with schizo-
phrenia, Yaryura-Tobias et al. (1995) found higher
than expected scores on the Y-BOCS and the Self
Rated Symptom Scale for OCD. They also found great
similarities in thought process impairment and percep-
tual deficits when these patients were compared with
22 OCD subjects.

Table 10.1 Reported prevalence of OC symptoms and OCD in patients with schizophrenia

Study Sample Sample size % OC symptoms % OCD symptoms

Rosen (1957) Schizophrenia 848 3.5 a
Fenton & McGlashan (1986) Schizophrenia 163 12.9 a
Strakowski et al. (1993) First-hospitalized psychosis 102 a 7.8
Berman et al. (1995a) Chronic schizophrenia 102 25.0 a
Eisen et al. (1997) Schizophrenia, schizoaffective 77 a 7.8
Cassano et al. (1998) Schizophrenia spectrum 31 a 29.0
Cosoff & Haffner (1998) Schizophrenia a a 13.0
Poyurovsky et al. (1999) First-episode schizophrenia spectrum 50 a 14.0
Kruger et al. (2000) Schizophrenia 76 a 15.8

OC, obsessive compulsive; OCD, obsessive-compulsive disorder.
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Using neurocognitive testing, Berman et al. (1998)
investigated whether the presence of obsessions and
compulsions represented a distinct cluster of symptoms
in schizophrenia. Patients with coexisting OC symp-
toms performed worse than those without such symp-
toms in several cognitive areas, and severity of OC
scores correlated significantly with poor performance.
These results were interpreted as supporting the hypo-
thesis that OC symptoms may constitute a distinct
cluster separate from psychosis, and raise the possibility
of a distinct subtype of schizophrenia.

Psychotic symptoms in OCD
OCD patients represent a heterogeneous mix of clinical
phenotypes (Sobin et al. 2000). Clinical observations
indicate that not all OCD patients recognize their
obsessions as being irrational or excessive. These ideas
have usually been described as overvalued or delusional.
From their review of the literature concerning insight
amongst patients with OCD, Kozak and Foa (1994)
concluded that OC ideas cannot be dichotomised
according to patients’ insight, and proposed that a
continuum representing the strength of OC beliefs is
more appropriate. They emphasized that the relation-
ship between the strength of OC conviction and treat-
ment outcome remains unclear.

As far back as 1875, du Saulle (Berrois 1989)
reported psychotic symptoms in some of the 27 OCD
patients he described. He noted that the patients with
psychotic symptoms also had more severe pathology
and poorer insight. Janet (Pittman 1987) reported psy-
chotic symptoms in 7.7% of patients with OCD. Insel
and Akiskal (1986) reviewed the literature of OCD
with psychotic features. They list nine studies (Muller
1953; Rudin 1953; Pollit 1957; Ingram 1961; Kringlen
1965; Lo 1967; Rosenberg 1968; Bratfos 1970; Welner
et al. 1976) in which patients who had been diagnosed
as OCD were investigated for the presence of psychotic
symptoms. The incidence of schizophrenia in these
studies ranged from 0.7% to 12.3%. The authors 
caution that these were retrospective studies with 
the diagnoses being made by chart review, and that 
standardized diagnostic criteria were not used. Some
patients were regarded as being psychotic in the sense
of a transient loss of insight or the emergence of 
paranoid ideas.

There appears to be considerable heterogeneity in
the clinical features of the OCD patients who also have
psychotic symptoms. Eisen and Rasmussen (1993)

attempted to identify and characterize the demo-
graphic and clinical features of subjects with OCD and
psychotic symptoms. From a sample of 475 patients
meeting DSM-III criteria for OCD they identified 67
(14%) as having psychotic symptoms, defined as hal-
lucinations, delusions, or thought disorder. However,
in 27 (6%), the only “psychotic” symptom was lack of
insight and strong conviction about the reasonableness
of the obsessions, and 14 (3%) met criteria for schizo-
typal personality disorder. The remainder of the subjects
met criteria for specific psychotic disorders. Eighteen
(4%) met criteria for schizophrenia and eight (2%) for
delusional disorder. Compared to the OCD patients
without psychosis, the subjects with OCD and psy-
chotic features were more likely to be male, single,
have a deteriorating course, and to have had their first
treatment at a younger age. The data suggested that
these features were largely explained by those patients
with schizophrenia spectrum disorders.

A recent study (Sobin et al. 2000) investigated the
possibility that schizotypal traits could distinguish 
a subtype of OCD. They obtained schizotypy scores
from 119 subjects who met lifetime criteria for DSM-
IV OCD. They found that 50% of the sample had mild
to severe schizotypy scores. The variables that dis-
tinguished OCD patients with schizotypy were: earlier
age of onset, greater number of comorbid diagnoses,
increased rates of learning disability, counting com-
pulsions, and a history of specific phobia. Indeed, OCD
with schizotypal traits may be characterized by par-
ticular neurobiological factors (see below).

The coexistence of OCD and schizophrenia appears
to be greater than could be expected on the basis of cal-
culated comorbidity figures (Tibbo & Warneke 1999).
Taken together, the evidence points to a small but signi-
ficant subset of patients sharing OCD and schizophre-
nia symptoms. It is not clear whether this represents a
distinct clinical entity, or the extremes of a continuum.
Future studies need to focus on possible risk factors,
clinical features, underlying mechanisms and whether
these patients respond differentially to various treat-
ment options.

Outcome

Some of the earlier studies reported a relatively favor-
able outcome in OCD patients with psychotic features.
Insel and Akiskal (1986) noted that the deteriorating
course that is often characteristic of schizophrenia is
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partially improved with the addition of a serotonin
reuptake inhibitor (SSRI), but subsided after discon-
tinuation of risperidone (Dryden-Edwards & Reiss
1996). The frequency of treatment-emergent OC
symptoms with second-generation antipsychotics in
patients with schizophrenia is not known. It may be
very rare, as a retrospective review of 142 randomly
selected hospital files of patients on clozapine treat-
ment failed to identify a single case of OC symptoms
worsening or emerging during treatment (Ghaemi 
et al. 1995). Also, in a subanalysis of a prospective
study of olanzapine versus placebo in schizophrenia,
OC symptoms were no more frequent in the olanzap-
ine group than in the placebo group. To complicate
matters further, the emergence of OC symptoms dur-
ing clozapine withdrawal has been reported in two
schizophrenic patients. Resumption of the clozapine
led to complete resolution of the OC symptoms in both
cases (Poyurovsky et al. 1998).

These apparently paradoxical findings with the 
second-generation antipsychoticsai.e. efficacy in
treatment-refractory OCD on the one hand and 
treatment-emergent OC symptoms in patients with
schizophrenia on the otherapoint to a complex inter-
relationship between serotonergic and dopaminergic
systems in the pathogenesis of OC symptoms in
schizophrenia. It would appear that there is significant
overlap in neurotransmitter dysfunction in the putat-
ive circuits of OCD and schizophrenia, which may lead
to the coexpression of symptoms of both disorders. It
is possible that the emergence of OC symptoms during
treatment with the second-generation antipsychotics 
is a coincidental occurrence, or it may represent a 
rare idiosyncratic reaction. However, it could also be
argued that patients with coexisting OC symptoms
and psychosis and those with treatment-resistant OCD
represent two subgroups of patients with distinct
underlying disorders of dopaminergic and serotoner-
gic function (Emsley et al. 1999b). Thus, patients with
coexisting OCD and psychosis may experience exacer-
bation of OC symptoms with combined dopamine and
serotonin blockade, while patients with treatment-
refractory OCD appear to respond favorably to this
intervention. Evidence from other sources may partly
explain the differential effect on OC symptoms in
patients with psychosis and in patients with OCDa
functional brain-imaging studies have reported an
opposite pattern of frontal lobe activity in OCD and
schizophrenia (Buchsbaum et al. 1997). Furthermore,

extremely rare in OCD patients with psychotic symp-
toms. Thus, the occurrence of psychotic features in
patients with OCD may often be due to a delusional
disorder or a mood disorder rather than a schizo-
phrenic illness. However, in contrast to many of the
other studies, Eisen and Rasmussen (1993) found that
OCD patients with features of schizophrenia had a
poorer outcome.

OCD and schizophrenia: pathogenesis

Evidence from various sources suggests that dopamin-
ergic and serotonergic pathways are important in both
schizophrenia and OCD. Dopamine-blocking agents
have been the mainstay of the treatment of schizophre-
nia for many years, and striatal D2 receptor occupancy
above about 70% consistently predicts antipsychotic
efficacy (Nyberg et al. 1996; Remington & Kapur
1999). Preclinical and clinical studies have reported
that dopamine plays a role in OCD and in related dis-
orders such as Tourette’s disorder (Goodman et al.
1990; Hollander et al. 1992; Szechtman et al. 1999).

Furthermore, OCD patients with comorbid tics are
more likely to fail treatment with serotonin reuptake
inhibitors, but in such patients augmentation with
haloperidol has been found to be effective (McDougle
et al. 1994). The second generation antipsychotics 
are of particular interest, because of their combined
dopaminergic and serotonergic antagonistic properties.
Indeed, several open-label studies suggest improved
efficacy with atypical antipsychotic augmentation in
treatment-refractory OCD (Jacobsen 1995; McDougle
et al. 1995; Ravizza et al. 1996; Saxena et al. 1996;
Stein et al. 1997), and there is now also a confirmatory
controlled study (McDougle et al. 2000).

On the other hand, cases have been reported of
patients with schizophrenia who have developed OC
symptoms while being treated with the novel antipsy-
chotics clozapine (Baker et al. 1992; Patil 1992; Patel
& Tandon 1993; Allen & Tejera 1994; Eales & Layeni
1994) risperidone (Kopala & Honer 1994; Remington
& Adams 1994; Dryden-Edwards & Reiss 1996) and
olanzapine (Marazziti et al. 1996; Koran et al. 2000).
The emergence of OC symptoms appears to be differ-
entiated from the antipsychotic effect of risperidone.
In a single case study psychotic symptoms ceased dur-
ing treatment with risperidone, but the patient experi-
enced an incapacitating exacerbation of pre-existing
OC symptoms. These symptoms were only briefly and
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a neuropsychological study has described a double dis-
sociation of frontal lobe functioning in subjects with
OCD and those with schizophrenia (Abbruzzese et al.
1997), arguably reflecting a dorsolateral prefrontal
cortex deficit in schizophrenia and orbitofrontal cor-
tex involvement in OCD.

The study mentioned above in which more motor
symptoms in schizophrenia subjects with OCD were
reported compared to those without (Kruger et al.
2000), supports the hypothesis of a basal ganglia-
frontal lobe connection linking OCD with schizo-
phrenia. The relationship between OCD and psychosis
was also examined in a functional magnetic resonance
imaging (fMRI) study on a group of schizophrenic
patients with varying degrees of OC symptomatology
(Levine et al. 1998). In this study, in a subset of
patients a significant negative relationship was found
between OC symptoms and activation of the left dorso-
lateral prefrontal cortex, suggesting that circuits other
than the orbito-frontal-striatal connections known to
be significant in OCD, may be important in patients
with both schizophrenia and OCD.

Treatment

Several reports have suggested that treatment of OC
symptoms in schizophrenia with a serotonin reuptake
inhibitor (SRI) in conjunction with antipsychotic med-
ication may be effective. In a more persuasive double-
blind, crossover study, six subjects with DSM-III-R
chronic schizophrenia with OC symptoms were treated
with clomipramine or placebo, added to their mainten-
ance antipsychotic medication. Patients were rated
according to the PANSS and Y-BOCS scales. Patients
on clomipramine showed significantly greater improve-
ment of OC symptoms. No patients experienced an
exacerbation of psychotic symptoms (Berman et al.
1995b). OCD subjects with delusions respond poorly to
antipsychotic medication, but may improve on SSRIs
and behavior therapy (O’Dwyer & Marks 2000).

Panic disorder and schizophrenia

Despite the fact that patients suffering from schizo-
phrenia frequently report experiencing panic attacks,
little research has been done in this area. Consequently
little is known about the association between these
two conditions.
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Clinical features

Studies investigating the frequency of comorbid 
psychiatric disorders in schizophrenia report the fre-
quency of panic attacks as between 5.9% and 25.5%
(Argyle 1990; Strakowski et al. 1993; Kendler et al.
1996; Labbate et al. 1999). Labbate et al. (1999), 
for example, examined 49 subjects meeting DSM-IV
criteria for chronic schizophrenia or schizoaffective
disorder by administering appropriate sections of the
SCID. The subjects who reported panic attacks were
further questioned about treatment and about the
onset of panic attacks relative to psychotic symptoms.
Twenty-one (43%) experienced panic attacks, and 
16 (33%) had a current or past panic disorder. Eight
(50%) of the latter had received treatment for panic
attacks. Patients with paranoid schizophrenia were
more likely to have panic attacks or panic disorder.
Substance dependence was not associated with panic
attacks or panic disorder.

Approximately one-quarter of schizophrenic and
schizoaffective patients with postpsychotic depression
were found to experience panic attacks (Cutler & Siris
1991). This may be a particularly important group of
patients to identify, as the risk of suicide appears to be
increased in these patients. Siris et al. (1993) found
significant associations between lifetime history of sui-
cidal ideation and a lifetime history of panic attacks or
panic disorder in a sample of 40 schizophrenic patients
with postpsychotic depression (Table 10.2).

Pathogenesis

Although panic attacks and schizophrenia commonly
coexist, little is known about the reason for this associ-
ation. Hofmann (1999) proposes four possibilities.
First, it could simply be due to a methodological 
artefact. Second, it may be that panic attacks cause
schizophrenic symptoms. Third, schizophrenic symp-
toms may cause or precipitate panic attacks. Fourth,
panic attacks and schizophrenic symptoms may share
a common etiology. The latter is arguably the most
likely reason. Another possibility, at least in some
patients, is that the panic attacks are induced by anti-
psychotic medication. Higuchi et al. (1999) found that
nine (20%) of 45 patients with chronic schizophrenia
met DSM-III-R criteria for panic disorder, and all nine
were taking antipsychotics in higher doses than the
others. New onset panic attacks have also been reported
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in a patient being treated with olanzapine (Mandalos
& Szarek 1999).

Heun and Maier (1995) conducted a family study to
investigate the relationship between schizophrenia 
and panic disorder. The sample comprised 59 patients
with schizophrenia, 54 with panic disorder and 29
patients with comorbid diagnoses of panic disorder 
and schizophrenia. A significant difference was found
in the familial loading for primary panic disorders in
schizophrenics (4.3%) compared to controls (0.9%),
while the risk for schizophrenia was not enhanced in
relatives of patients with panic disorder (0%) compared
to controls (0.3%). These results were interpreted as
suggesting an etiological relationship between schizo-
phrenia and panic disorder, or at least a relationship
between subgroups of these disorders.

Treatment

Few studies have examined the treatment of panic
attacks in schizophrenia. Arlow et al. (1997) con-
ducted an open label 16-week clinical trial of cognitive
behavioral therapy for the treatment of panic attacks
in eight patients with DSM-III-R schizophrenia. There
was a significant reduction in panic symptoms as well
as in the number of attacks compared with baseline
ratings, suggesting that this is a worthwhile treatment
approach. In a single case report, alprazolam added 
to antipsychotic medication was effective in treating
panic attacks in a patient with schizophrenia (Sandberg
& Siris 1987). Similar findings were also reported in
seven patients with schizophrenia (Kahn et al. 1988).
Interestingly, these latter patients all showed marked
improvement of positive and negative symptoms as

well as reduction of panic attacks with alprazolam.
This finding was replicated in a sample of 12 schizo-
phrenic patients without panic attacksathe addition
of alprazolam was associated with significant, albeit
modest, reductions in psychotic features (Wolkowitz
et al. 1988). In a recent literature review of the SSRIs 
in schizophrenia with panic attacks no studies were
found, in spite of the fact that these drugs have become
first-line pharmacotherapy for panic disorder (Pollack
& Marzol 2000).

PTSD and schizophrenia

Once again, there is a relative paucity of good research
into the associations between these two disorders.

Clinical features

The association between PTSD and psychosis has been
investigated from two angles: psychotic symptoms have
been studied in PTSD patients, and PTSD symptoms
have been explored in patients with schizophrenia.

Psychotic symptoms in PTSD
Psychotic symptoms occur frequently in PTSD, and
they appear to correlate with severity of PTSD symp-
toms (Hamner et al. 2000) and comorbid depression
(Hamner 1997; David et al. 1999). It has been suggested
that these patients represent a distinct subtype of PTSD
(Hamner et al. 2000). The psychotic features that have
been reported include auditory and visual hallucina-
tions, and delusions that are frequently paranoid in
nature. For example, in a study assessing 53 combat

Table 10.2 Reported prevalence of panic attacks and PD in patients with schizophrenia.

Study Sample Sample size % Panic attacks % PD

Strakowski et al. (1993) First-hospitalized psychosis 102 a 5.9
Cassano et al. (1998) Schizophrenia spectrum 31 a 19.4
Kendler et al. (1996) Nonaffective psychoses 74 a 25.5
Argyle (1990) Schizophrenia 20 35 a
Labbate et al. (1999) Schizophrenia schizoaffective 49 43 33.0
Higuchi et al. (1999) Chronic schizophrenia 45 a 20.0
Cutler & Siris (1991) Schizophrenia with postpsychotic depression 45 25 a

PD, panic disorder.
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et al. 1998; Meyer et al. 1999). Comorbid PTSD is
rarely recognized in these patientsathe rate of PTSD
was found to be 43% in a sample of severe mental ill-
nesses (e.g. schizophrenia and bipolar disorder)abut
in only 2% of these subjects had this diagnosis been
made clinically (Mueser et al. 1998) (Table 10.3).

Pathogenesis

It has been suggested that PTSD may be a useful
paradigm for assessing the psychological response to
the distressing experience of hospitalization and psy-
chosis. Meyer et al. (1999) assessed 46 schizophrenic
and delusional patients and found the prevalence of
PTSD to be 11%. Traumatic symptoms were related to
psychosis in 69%, and to hospitalization in 24%, sug-
gesting that psychotic symptoms are more traumatic to
patients than the coercive measures that are used to
control them. Additional evidence also suggests that
the consequences of hospitalization are less important
in the genesis of PTSD symptoms in psychotic patients.
In a sample of 105 community-care patients with
schizophrenia it was found that 51% fulfilled criteria
for PTSD (Priebe et al. 1998). In this sample the role of
involuntary admissions was examined as a possible
contributing factor, and found not to correlate with
PTSD symptoms.

Social phobia and schizophrenia

Clinical features

Many patients with schizophrenia exhibit features 
of social phobia, namely social anxiety and avoidance
of social situations. The prevalence of social phobia
has been reported as 16.1% in hospitalized patients
with schizophrenia spectrum disorders (Cassano et al.

veterans with PTSD it was found that 40% reported
experiencing psychotic symptoms in the preceding 
6 months. These symptoms featured auditory hallucina-
tions in all but one case, and typically reflected combat
scenes and guilt, were nonbizarre, and were not usu-
ally associated with other features of schizophrenia
such as formal thought disorder or flat or inappropriate
affect.

In comparing 40 subjects with chronic PTSD and
well-defined psychotic features with 40 subjects with
schizophrenia, it was found that the two groups of
subjects were remarkably similar with regard not only
to positive symptoms, but negative symptoms as well
(Hamner et al. 2000). In fact, it has been proposed,
rather speculatively, that negative symptoms are mani-
festations of a traumatic stress disorder that is funda-
mentally similar to chronic PTSD (Stampfer 1990).
Compared to PTSD patients without psychosis on the
one hand, and patients with psychosis without PTSD
on the other, patients with PTSD and a comorbid psy-
chotic disorder showed excessive cognitive, emotional
and behavioral disturbances (Sautter et al. 1999).

The treatment of PTSD with psychotic symptoms
has only recently received attention. Preliminary work
suggests that the atypical antipsychotics may be useful
in such patients (Hamner et al. 2000).

PTSD in schizophrenia
Psychosis has been regarded as one of the most severe
stressors to which one can be subjected (Lundy 1992).
It could therefore be expected that some patients who
experience psychotic episodes would develop symp-
toms of PTSD. In fact, PTSD is a common comorbid
disorder in schizophrenia that is frequently unrecog-
nized in clinical settings. The prevalence of PTSD in
psychotic disorders has been reported as between 11%
and 51% (Shaw et al. 1997; Mueser et al. 1998; Priebe

Table 10.3 Reported prevalence of PTSD in patients with schizophrenia.

Study Sample Sample size % PTSD

Strakowski et al. (1993) First-hospitalized psychosis 102 1.0
Kendler et al. (1996) Nonaffective psychoses 74 28.9
Priebe et al. (1998) Schizophrenia 105 51.0
Meyer et al. (1999) Schizophrenia and delusional 46 11.0

PTSD, post-traumatic stress disorder.
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1998), 17% in a sample of patients with schizophre-
nia, schizoaffective and bipolar disorder (Cosoff &
Hafner 1998) and 39.5% in a community sample of
subjects with nonaffective psychosis (Kendler et al.
1996). The prevalence of simple and social phobia 
was reported as 6.9% in a group of first-hospitalized
psychotic patients (Strakowski et al. 1993). In the
Cassano et al. study (1998) of all the comorbid dis-
orders, social phobia together with panic disorder and
substance abuse disorder, showed the greatest associ-
ation with psychotic features (Table 10.4).

The relationship between social anxiety and the 
positive and negative symptoms of schizophrenia was
investigated in a sample of 38 inpatients with schizo-
phrenia who completed self-report measures of anxi-
ety, a modified Stroop task, and an unstructured role
play activity (Penn et al. 1994). Positive symptoms
were significantly related to fear in a number of self-
report domains (i.e. social and agoraphobic). Negative
symptoms were related to a global observational rat-
ing of anxiety during the role-play activity, as well as
to specific behaviors associated with self-reported social
anxiety (i.e. speech rate and fluency). The authors con-
cluded that specific behaviors related to social anxiety
appear to be associated with negative symptoms of
schizophrenia, while self-report social anxiety is asso-
ciated with positive symptoms. However, Stern et al.
(1999) did not find a significant correlation between
severity of social phobia symptoms and positive and
negative symptoms in schizophrenia.

The possibility of social phobia being a precursor to
schizophrenia has been addressed in a prospective
analysis of antecedent psychopathological features
and socio-demographic risk factors in schizophrenia
with data from community sites in the Epidemiologic
Catchment Area Study (Tien & Eaton 1992). It was
found that social phobia (and OCD) were associated
with more than three and a half times increased odds
of developing schizophrenia.

Pathogenesis and treatment

Speculation for an underlying neurochemical basis 
for an association between social phobia and schizo-
phrenia is based on indications of serotonergic and
dopaminergic dysfunction in both disorders. The atyp-
ical antipsychotic clozapine has been reported to
induce anxiety symptoms, possibly due to its known
effect on serotonergic pathways. Pallanti et al. (1999),
for example, reported 12 patients with schizophrenia
who developed social phobia during clozapine treat-
ment. These patients represented 43% of a subgroup
of patients who were treated with clozapine after being
resistant to, or intolerant of, conventional antipsy-
chotics. Fluoxetine was added to their treatment for a
period of 12 weeks. In eight cases, symptoms improved
according to a priori criteria (≥ 35% reduction in
Liebowitz Social Phobia Scale score). Social phobia
has also been reported as a treatment-emergent effect
of haloperidol (Mikkelsen et al. 1981), suggesting 
a role for dopamine, which fits with the finding of
increased social anxiety in patients with Parkinson’s
disease (see Chapter 7).

Antipsychotics and anxiety

Patients with schizophrenia require long-term treatment
with antipsychotic agents, and there are various import-
ant associations between these drugs and anxiety.
First, antipsychotics are effective in treating anxiety
symptoms in nonpsychotic subjects. The conventional
antipsychotics have been used in low dose for many
years to treat anxiety states. Also, the second-generation
antipsychotics in particular have been recommended
as add-on treatment in refractory OCD (McDougle 
et al. 2000). Second, anxiety may be a direct manifesta-
tion of an untoward effect of antipsychotic agents.
Akathisia is an extremely common side-effect of 

Table 10.4 Reported prevalence of social phobia in patients with schizophrenia.

Study Sample Sample size % Social phobia

Strakowski et al. (1993) First-hospitalized psychosis 102 6.9
Cassano et al. (1998) Schizophrenia spectrum 31 16.1
Kendler et al. (1996) Nonaffective psychoses 74 39.5
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conventional antipsychotics, having been reported in
up to 75% of schizophrenics on maintenance therapy
(Van-Putten et al. 1984). Akathisia is less common,
but still occurs with the second generation antipsy-
chotics (Jauss et al. 1998). A subjective sense of intense
anxiety accompanies the motor restlessness in these
patients, who report akathisia as extremely distress-
ing. Third, anxiety may be an indirect consequence 
of the development of side-effects such as acute dysto-
nias, which may be terrifying to patients. Fourth,
antipsychotic agents, via an as yet unknown mechan-
ism, may precipitate anxiety symptoms or disorders.
Risperidone was reported to cause acute separation
anxiety in two adolescents with OCD (Hanna et al.
1999), which resolved when risperidone was discon-
tinued. Clozapine has precipitated social phobia in
patients with schizophrenia (Pallanti et al. 1999), 
and treatment-emergent OCD has been reported with
clozapine (Baker et al. 1992; Patil 1992; Patel &
Tandon 1993; Allen & Tejera 1994; Eales & Layeni
1994), risperidone (Kopala & Honer 1994; Remington
& Adams 1994; Dryden-Edwards & Reiss 1996), and
olanzapine (Marazziti et al. 1996; Koran et al. 2000)
(see p. 170).

Finally, antipsychotics have been effectively used to
treat anxiety symptoms and comorbid anxiety disor-
ders in psychotic patients. In a posthoc analysis of two
randomised clinical trials, risperidone was superior to
haloperidol in reducing anxiety/depression symptoms
in chronic schizophrenia (Marder et al. 1997). Anxiety
symptoms were significantly more reduced in risperid-
one compared to haloperidol patients in 62 subjects
with acute exacerbations of schizophrenia (Blin et al.
1996). The response of anxiety and depressive symp-
toms, as assessed by the anxiety-depression cluster of
the Brief Psychiatric Rating Scale (BPRS), to olanzapine,
haloperidol and placebo, was assessed in a randomised
sample of 335 subjects with chronic schizophrenia
(Tollefson et al. 1998). Two dose-ranges of olanzapine
(10 mg and 15 mg/day) were superior to placebo,
whereas haloperidol (10–20 mg/day) was not. The
authors speculate that this differential benefit seen
with olanzapine could be attributed to the drug’s more
selective mesolimbic dopaminergic profile, D1 or D4
activity, the release of dopamine/norepinephrine (nor-
adrenaline) in the prefrontal cortex, or 5-HT2A antag-
onism. The beneficial effect in anxiety and depressive
symptoms in schizophrenia may not be shared equally
by all of the second-generation antipsychotics. In a

sample of 30 treatment-refractory chronic psychotic
patients, the BPRS anxiety-depression factor was the
factor least influenced by clozapine (Abraham et al.
1997).

Conclusion

Anxiety symptoms are common and varied in schizo-
phrenia. Whether representing a reaction to adverse
experiences, or due to medication side-effects, comor-
bid anxiety syndromes, or whether core features of
schizophrenia itself, a heightened clinician awareness
is clearly indicated. These anxiety symptoms are rarely
recognized by treating physicians, in spite of the fact
that they may be amenable to treatment intervention.
Further research into comorbid anxiety and psychosis
may shed light on the pathogenesis not only of this
subset of patients, but of schizophrenia and the anxi-
ety disorders as well.
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Neurochemical Aspects of Anxiety
S.V. Argyropoulos & D.J. Nutt

social and generalized anxiety, both as independent
conditions and in their relationship to panic. Data
relating to post-traumatic stress disorder and obsessive-
compulsive disorder are also accumulating. We will
review some findings relevant to specific syndromes
under each neurotransmitter system heading. Reference
to animal work will be limited. Finally, new develop-
ments in other areas, like the neuropeptides, are 
covered in other chapters in this book and they will 
not be discussed here.

GABA-benzodiazepine receptor complex

GABA is the main inhibitory transmitter in the brain.
It is synthesized from glutamate, through the Krebs
cycle. There are two distinct types of GABA receptors.
Of these, the GABAA receptor is the one linked with
anxiety. The effector of the GABAA receptor is the 
Cl– ion. The five protein subunits that make up the
receptor complex are arranged, in a doughnut shape,
around a chloride channel. The physiological functions
of the GABAA extend well beyond anxiety and include
memory acquisition, muscle relaxation and control of
convulsions (Doble 1999; Nutt & Malizia 2001).

Direct measurement of the synaptic levels of GABA
in the brain is not possible. Various indirect methods
of assessment of central GABA function have been used
in anxiety studies. These include the growth hormone
and cortisol responses to the administration of benzo-
diazepines, the performance in specific cognitive tasks,
or the measurement of the benzodiazepine effects on
the electroencephalogram (EEG). However, these tech-
niques rely on the measurement of phenomena that are
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Introduction

Most work in the field of the neurochemistry of anxiety
has been conducted, so far, in relation to γ-aminobutyric
acid (GABA) and the monoamine neurotransmitters,
norepinephrine (noradrenaline) serotonin (5-hydroxy-
tryptamine) and, to a lesser extent, dopamine. These
transmitters became the focus of attention after the
serendipitous discovery of compounds that were effect-
ive anxiolytics. These drugs were found to exert some
of their behavioral effects by altering the function of
the receptors upon which these transmitters naturally
bound.

It was hoped that the identification of relevant
receptors and the unravelling of the function of these
neurotransmitters would give answers about the nature
of anxiety and lead to better designed treatments. What
emerged is an ever increasingly complex picture of the
pathophysiology of anxiety, that has generated at least
as many questions as it has answered. On the other hand,
new compounds that act as agonists or antagonists at
specific receptor sites have been developed, and some
of them successfully tested. The behavioral effects of
these drugs are studied with the experimental provoca-
tion and prevention of anxiety. This is usually achieved
with the use of challenge tests (see Chapter 15). Some
of them are not strictly speaking neurochemical chal-
lenges, but they affect the neurotransmitter systems all
the same.

Of the anxiety syndromes, as they appear in the
modern classification systems (American Psychiatric
Association 1994), panic disorder has been the focus
of most of the research so far. In recent years there 
is increasing interest in other anxiety states, such as
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sodium lactate (Clow et al. 1988a, 1988b). On the other
hand, and contrary to predictions, DBI was increased
in the cerebrospinal fluid (CSF) of depressed patients
but not panic disorder patients (Barbaccia et al. 1986).
Interest in endogenous inverse agonists waned in recent
years, especially after it was shown that untreated
panic patients experienced marked anxiety during a
challenge with flumazenil (Nutt et al. 1990), a GABAA
receptor antagonist that has very little effect on healthy
controls. This finding pointed towards an endogenous
agonist or a receptor abnormality, rather than a signi-
ficant role for inverse agonists.

Endogenous agonists, called endozepines, have 
been isolated both from the rat and human brain
(Rothstein et al. 1992a,b). Accumulation of the sub-
type endozepine-4 appears to be related to recurring
idiopathic stupor, which is responsive to the benzodi-
azepine antagonist flumazenil, therefore supporting
the notion of naturally occurring agonists (Lugaresi 
et al. 1998). However, their role in anxiety disorders 
is not clarified yet. Interest in the area of the endogen-
ous agonists is mainly focused on another group of 
ligands, the neurosteroids. These substances act on the
GABAA receptor, but at a different site from the benzo-
diazepines. They modulate allosterically the GABA
receptor complex, but they also have an action on the
N-methyl-d-aspartate (NMDA) receptors of the excit-
atory amino acids (Baulieu 1998). Indirect evidence for
the importance of these compounds in the regulation of
anxiety comes from the observation that pronounced
natural fluctuations of the gonadal steroids (during the
menstrual cycle, the pregnancy and the postpartum
period) appear to affect anxiety levels (Wilson 1996).
Animal studies indicate that progesterone, one of the
naturally produced gonadal steroids, is metabolized to
a neurosteroid that augments the function of GABA.
However, other important gonadal steroids, the estro-
gens, do not appear to affect GABA function (Wilson
1996). Overall, the above indicate that some, at least,
neurosteroids may play an endogenous anxiolytic 
role, which is mediated through the GABA receptor
complex.

An alternative hypothesis is that an abnormality in
the benzodiazepine receptor complex may underlie some
anxiety phenomena. As mentioned earlier, flumazenil
infusion precipitates panic attacks in panic patients
(Nutt et al. 1990), while it has little or no anxiogenic
effect on normal controls, social phobics (Coupland 
et al. 2000), or subjects in alcohol withdrawal (Nutt 

not under the exclusive control of the GABA system.
The most specific indirect estimate of central GABA
function available is the study of the saccadic eye move-
ment responses to intravenous midazolam (Potokar 
et al. 2000). Nowadays, the advent of neuroimaging
allows for closer study of this system in health and dis-
ease, with the use of specific ligands that modify the
receptor complex (see Chapter 12).

Drugs that work at the GABAA receptor have a long
history of use and abuse in anxiety. Alcohol is the most
widely used anxiolytic and is active at the GABA-chloride
ionophore. Its use, in a self-medicating fashion, to treat
normal and pathological anxiety is well recognized.
One of the advantages of alcohol, along with barbitur-
ates, benzodiazepines, and other compounds that act
at the GABAA receptor, is that they have a fast anxi-
olytic action. However, it is possible that alcohol in
general, and repeated withdrawal symptoms in particu-
lar, can also produce de novo anxiety disorders such 
as panic (George et al. 1990). After the clinical devel-
opment of the benzodiazepines in the 1960s, interest
was focused on their mode of action. They bind to the
high affinity benzodiazepine site of the GABAA receptor.
This site modulates allosterically the GABA-chloride
ionophore complex (Braestrup & Squires 1978;
Braestrup et al. 1983). Unlike alcohol and the barbit-
urates, the benzodiazepines have no direct action on 
the chloride ionophore itself. They exercise their effect
by augmenting the function of the endogenous trans-
mitter (GABA).

The GABAA receptor is unique in that it shows bi-
directional agonism. Apart from agonists and antagon-
ists of this receptor, there are also inverse agonists
(Jackson & Nutt 1992). Agonists, such as the classical
benzodiazepines, are anxiolytic. Antagonists, such as
flumazenil, have little action of their own but block the
actions of both agonists and inverse agonists. Inverse
agonists, such as the β-carboline FG 7142 and the 
benzodiazepine Ro 15-3505, are anxiogenic in man
(Dorow et al. 1983; Gentil et al. 1990).

This property of the GABAA receptor led to the 
idea that endogenous inverse agonists or endogenous
agonists to this receptor may play a pivotal role in the
regulation of anxiety. Initially, there was some interest
in candidate inverse agonists that included tribulin
(Clow et al. 1983) and diazepam-binding inhibitor
(DBI) (Barbaccia et al. 1986). Tribulin was found in
increased concentrations in the urine of patients with
generalized anxiety, or after panic attacks induced with
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et al. 1993; Potokar et al. 1997). This suggested that
panic patients might display a shift in the “set point”
of their benzodiazepine receptors (Nutt et al. 1990).
Similar change is known to occur after chronic benzo-
diazepine use and manifests at the withdrawal of the
drug. It has been observed that during benzodiazepine
withdrawal the effects of benzodiazepine agonists are
attenuated, while those of the inverse agonists are
enhanced (Nutt 1990) and antagonists become slightly
inverse agonists (Little et al. 1987). Nutt and Lawson
(1992) hypothesized that a similar shift of the receptor
set point is present in panic patients, either as a state 
or trait phenomenon. However, the lack of any similar
effect of flumazenil challenge in other anxiety disorders
indicates that this receptor shift may be a phenomenon
specific to panic but not anxiety as a whole.

Further evidence of abnormal benzodiazepine
receptor function in panic, and possibly other anxiety
disorders, derives from single photon emission com-
puterized tomography (SPECT) and positron emission
tomography (PET) neuroimaging studies (Malizia et al.
1996; Lingford-Hughes & Malizia 1999; see also
Chapter 12). There is evidence from SPECT studies 
of decreased density of GABAA receptors in the right
hippocampus and left temporal region (Kaschka et al.
1995) and the frontal, occipital and temporal cortices
(Schlegel et al. 1994). However, this work is not with-
out contradicting results. One study showed increased
density in temporal regions (Kuikka et al. 1995). In a
PET study, Malizia et al. (1998) demonstrated a global
reduction of benzodiazepine binding in panic patients
compared with controls. The differences were more
pronounced in the orbitofrontal cortex and the insula.
The above support the idea of GABAA-benzodiazepine
receptor down-regulation in anxiety. This would result
in decreased function of the endogenous transmitter
and it may underlie the clinical expression of some
anxiety phenomena.

Norepinephrine

Norepinephrine (noradrenaline: NE), a catecholamine,
is synthesized from dopamine through hydroxylation.
In some tissues, NE is then converted (methylated) 
to epinephrine (adrenaline). While epinephrine in the
periphery is playing a significant role in stress responses
(see below), the main sympathetic transmitter in the 
central nervous system (CNS) is NE. Virtually all NE

containing neurones originate in the brain stem, mainly
the nucleus known as locus coeruleus, but they branch
out extensively throughout the forebrain. Following
release in the synaptic cleft, NE is actively transported
back to the nerve terminal for reuse, but some spills
over from the synapse and is taken up by glial cells. NE
is catabolized in the neurones with the help of the
enzyme monoamine oxidase inhibitor (MAO), and 
the end product is 3-methoxy-4-hydroxyphenylglycol
(MHPG). The NE that diffuses to glia is catabolized 
to normetanephrine with the help of catechol-O-
methyltransferase (COMT) (Nutt 1993).

Three distinct classes of adrenergic receptors have
been identified. The α1 type acts by stimulating the
phosphoinositol (PI) cycle, while α2 and β receptors
are coupled with G proteins. The α1 receptors are post-
synaptic. They are involved in arousal and the regula-
tion of blood pressure, but they have not been directly
linked to anxiety. The α2 receptors are both pre- and
postsynaptic. The postsynaptic ones are involved in
arousal, blood pressure regulation as well as the release
of growth hormone. The latter property has been used
in the study of depression and anxiety (see later). The
presynaptic α2 receptors are involved in the feedback
control of the NE release. The role of the β receptors 
in the brain is not fully clarified yet. Their involve-
ment in the stimulation of the production of melatonin
in the pineal gland is exploited for neurochemical 
studies. The peripheral β receptors are not directly
related to the mental experience of anxiety, though
they mediate its autonomic/somatic aspects (Nutt
1993).

For over a century the sympathetic autonomic sys-
tem has been linked to behavioral arousal. Arousal 
is mediated by the catecholamines, epinephrine in the
periphery and NE in the CNS. A number of observations
led support to the theory that excessive sympathetic
activation may produce dysfunctional arousal and
anxiety through increased catecholamine transmission.
When Da Costa (1871) described the “irritable heart
syndrome,” a constellation of symptoms that would
fall under the rubric of panic anxiety nowadays, he
postulated increased function of the cardiac nerve 
centers. Somatic symptoms of acute anxiety, such as
tachycardia, palpitations, tachypnoea, sweating, dry
mouth, epigastric discomfort, etc., are indeed reminis-
cent of the peripheral effects of the sympathetic system
at times of arousal and stress, when the organism is
preparing to fight or flee.
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Starkman et al. (1990) found no difference between
panic patients and healthy controls. Similar results were
produced from a group of generalized anxiety patients
(Munjack et al. 1990), and a mixed panic and general-
ized anxiety sample (Cameron et al. 1990). Kelly and
Cooper (1998) compared patients with depression or
generalized anxiety and healthy volunteers. Depressed
patients, especially those with melancholic and/or psy-
chotic illness, showed significant elevation of NE levels
compared with the controls. NE levels of the anxious
group were also elevated, but this was not statistically
significant.

Another way of studying NE and its relation to 
anxiety is to examine the functional integrity of the
sympathetic system. For this, subjects are challenged
with various compounds that act upon the central or
peripheral NE receptors (Table 11.1). The assumption
is that while NE and sympathetic activity may be nor-
mal at rest, when the organism comes under stress and
anxiety ensues, it can be abnormal. This, in turn, may
be either the cause or the result of anxiety. This notion
was supported by a study conducted by Wilkinson 
et al. (1998), who found that whole body and regional
sympathetic activity was not increased at rest or dur-
ing a mental stress task in panic patients compared
with controls, but both epinephrine and NE release was
elevated in the patient group shortly after a spontan-
eous panic attack. Of interest that this elevation of the
catecholamines, resulting from sympathetic activation,
was not global as previously thought, but confined to
the heart rather than the musculature.

Epinephrine and isoprenaline, a selective agonist of
β postsynaptic receptors, do not cross the blood–brain
barrier (Schildkraut & Ketty 1967); therefore their
neurochemical action is considered to be purely peri-
pheral. It has been shown that, apart from inducing 
the somatic symptoms described earlier in this section,
epinephrine and isoprenaline can also induce mental
anxiety (Maranon 1924; Cantril & Hunt 1932;
Frankenhauser et al. 1961), and even panic (Rainey 
et al. 1984; Pyke & Greenberg 1986) in populations
with panic disorder. This was not the case in patients
with social phobia, despite the presence of increased
catecholamine levels and the presence of the expected
peripheral physiologic effects (Papp et al. 1988). These
findings led to speculation that peripheral β recep-
tors may be hypersensitive, at least in panic (Rainey 
et al. 1984). However, there is also evidence of down-
regulation of β receptors in panic patients (Nesse 

In later years, the focus shifted from the periphery 
to sympathetic overactivity within the CNS. Klein and
Fink (1962) reported that imipramine, a tricyclic anti-
depressant that acts partly by blocking the reuptake of
NE, is effective in controlling panic attacks. Drugs that
increase central NE availability, such as amphetamines
and cocaine, are known to have an anxiogenic effect
(Louie et al. 1989). Further, the sympathetic activity
induced during various neurochemical challenge para-
digms seems to correlate with the levels of anxiety that
these challenges elicit (Ko et al. 1983; Charney et al.
1984). Animal studies showed that locus coeruleus,
the main sympathetic nucleus of the brain, plays a cen-
tral role in the control of arousal (Aston-Jones et al.
1994; Smith & Nutt 1996) and anxiety (Redmond 
& Huang 1979). Stressful events produce a marked
elevation of NE release in a variety of regions of the rat
brain, including the hypothalamus, the amygdala and
the locus coeruleus (Tanaka et al. 2000). Changes 
in the activity of locus coeruleus appear to result in
changes in central NE levels, which are reflected in
changes in peripheral sympathetic activity (Kelly &
Cooper 1998). Therefore, it comes as no surprise that
NE, the main sympathetic transmitter in the brain,
attracted a lot of attention in the study of pathological
human anxiety.

Direct access and measurement of the central sym-
pathetic activity is impossible. NE only crosses the
blood–brain barrier to the periphery with great dif-
ficulty (Esler et al. 1995). On the other hand, the con-
tribution of the adrenal glands to the circulating NE 
is thought to be minimal (Brown et al. 1981). Plasma
NE is therefore considered to be the product of over-
spill from postganglionic terminals to the periphery
(Frankenhauser 1971; Kopin 1984). Values of this
indirect measure are thought to reflect central NE
activity in humans, because plasma NE levels correlate
closely with NE levels in the CSF (Ziegler et al. 1977).
This view is supported further by animal studies show-
ing a correlation between plasma NE and MHPG in
the CSF (Elsworth et al. 1982). As a result, plasma 
NE assessments have been used as a proxy measure of
central NE levels. MHPG levels measured in plasma,
urine and CSF are also used as a proxy index of the 
NE turnover, although a substantial proportion of 
the metabolite is obviously peripheral in origin (Nutt
1993).

Studies of plasma NE levels in anxious patients at
rest have been mostly negative (Kelly & Cooper 1998).
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et al. 1984), presumably secondary to paroxysms of
increased NE activity. Further, environmental cues
undoubtedly affect one’s interpretation of the physio-
logical/somatic sequelae of peripherally acting cate-
cholamines (Schachter & Singer 1962). This led to 
the view that the physiological changes induced by
peripherally acting drugs, such as epinephrine and 

isoproterenol, produce anxiety and panic through a
secondary cognitive interpretation of these changes
(Nutt & Lawson 1992). Further support for this hypo-
thesis was produced by a study that compared patients
with generalized anxiety and normal controls in their
response to intramuscular injection of epinephrine
(Mathew et al. 1982). Both patients and controls had a
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Table 11.1 Summary of the evidence for functional abnormality of norepinephrine receptors in anxiety conditions.

Results compared  
Receptor Challenge test Population tested with controls Postulated mechanism

α2-presynaptic Yohimbine (non- Healthy volunteers Increases anxiety Increases locus 
selective antagonist PD Increases anxiety, panic coeruleus firing
leads to increased attacks and MHPG supersensitivity of
locus coeruleus firing) PTSD Increases anxiety, α2 receptors at locus

flashbacks and panic attacks coeruleus leads to 
GAD No difference from controls anxiety/panic
OCD

Idazoxan (non-selective Healthy volunteers Increases anxiety
antagonist)

Ethoxy-idazoxan Healthy volunteers Anxiogenic in very high doses Anxiogenic effects of
(highly selective yohimbine ? through
antagonist) other mechanism

Clonidine (partial Spontaneous and Decreased anxiety, panic Supersensitivity of
agonist leads to lactate-induced attacks and  MHPG, α2 receptors at locus
decreased firing panic attacks exaggerated hypotensive coeruleus leads to
of locus coeruleus response anxiety/panic

PTSD Some efficacy
OCD Not effective
GAD, SAD ?Effect on anxiety

α2 postsynaptic Clonidine (partial PD Blunted GH response Hyposensitive
agonist leads to GAD postsynaptic α2

GH release) OCD, SAD Mixed results receptors

β (peripheral) Isoprenaline (agonist) PD Increases anxiety and panic ? β receptor
SAD Increases catecholamines hypersensitivity 

no difference in anxiety No β receptor 
abnormality

Epinephrine (agonist) GAD Increases anxiety and Cognitive 
cardiovascular responses misinterpretation of
but no differential response peripheral symptoms
in catecholamine levels

GAD, generalized anxiety disorder; GH, growth hormone; MHPG, 3-methoxy-4-hydroxyphenylglycol; OCD, obsessive-compulsive disorder;
PD, panic disorder; PTSD, post-traumatic stress disorder; SAD, social anxiety disorder.



coeruleus firing and the levels of available synaptic
NE. Clonidine is such a centrally acting α2 receptor
partial agonist. It has been shown to reduce firing at
the locus coeruleus, decrease the sympathetic outflow
and reduce anxiety (Reid 1983). It is efficacious against
both spontaneous and lactate induced panic attacks
(Uhde et al. 1989; Coplan et al. 1992), although its use
in clinical populations is restricted by its hypotensive
and sedative side-effects (Hoehn-Saric et al. 1981; Uhde
et al. 1989). Positive results have also been obtained in
small studies with patients suffering PTSD. The thera-
peutic effect is, however, short-lived, due to develop-
ment of tolerance (Friedman 1998). On the other hand,
clonidine does not appear to be useful in reducing
symptoms of OCD (Hewlett et al. 1992) while its 
status in GAD and social anxiety remains unclear
(Argyropoulos et al. 2000). Panic patients also show 
a significantly greater decrease in plasma MHPG
(Charney & Heninger 1986) and an exaggerated hypo-
tensive response to clonidine (Nutt 1986) compared
with normal controls, although these results are not
universally replicated (Abelson et al. 1992). Overall,
the above findings of the yohimbine and clonidine
studies point towards an abnormal supersensitivity of
presynaptic α2 autoreceptors to both its antagonists
and agonists, at least in some forms of anxiety. Such
supersensitivity would make the sympathetic system
much more reactive, unstable and prone to panic and
anxiety reactions.

The exaggerated responsiveness of presynaptic α2
autoreceptors in panic, led Nutt (1989) to propose a
failure of control of the locus coeruleus as the neuro-
chemical basis of pathological acute anxiety. He sug-
gested that such an underlying phenomenon could
explain wide swings in locus coeruleus activity, result-
ing in paroxysms of central and peripheral sympath-
etic activation, perhaps analogous to panic attacks
(Redmond 1986). Animal studies show that α2 receptors
may also be altered by stress (Stone 1983; Stanford
1989) and conditioning (Rasmussen & Jacobs 1986).
This, in turn, could explain the association between
life events and panic attacks (Klein 1981; Roy-Byrne 
et al. 1986). Further, the system appears to be under
the influence of corticotropin-releasing factor (CRF)
neurones in locus coeruleus, thus indicating a putative
neuroanatomical link between stress experiences and
central catecholamine activity (Koob 1999).

While this model of presynaptic α2 supersensitivity
in panic is attractive, there are some inconsistencies.

similar increase in plasma levels of epinephrine and NE
after the injection. However, the patient group showed
increased heart rate and anxiety response compared
with the controls. The possibility of cognitive misinter-
pretation of the peripheral effects of catecholamines
should also be taken into account when the anxiogenic
quality of drugs acting both in the CNS and the periphery
are studied (see later).

Studies of the CNS sympathetic function in anxiety
have revolved around the regulatory role of α2 autore-
ceptors in the locus coeruleus. Yohimbine, an α2 receptor
antagonist, causes anxiety in normal people (Goldberg
et al. 1983). It is thought to exert its action by antagon-
izing the presynaptic α2 receptors of NE neurones,
especially those in the locus coeruleus. This antagonism
results in disruption of the normal negative feedback
loop from the synapse to the cell, leading to increased
firing of the cell bodies in locus coeruleus, and increased
synaptic availability of NE (Charney et al. 1984).
Another α2 receptor antagonist, idazoxan, produced
results similar to those of yohimbine in healthy volun-
teers (Krystal et al. 1992). When yohimbine was given
to panic patients, it led to an increase in anxiety and
panic frequency (Charney et al. 1984). Plasma levels 
of MHPG were significantly increased in the patient
group compared with the controls, suggesting an
increased sensitivity to yohimbine in panic patients.
This altered functional response of panic patients to
yohimbine is normalized after successful treatment
with tricyclic antidepressants, but not after cognitive
therapy (Middleton 1990). In post-traumatic stress
disorder (PTSD), patients showed a similar anxiogenic
response to yohimbine. This response was associated
with the characteristic flashbacks of the condition, 
as well as panic attacks (Southwick et al. 1993).
Withdrawal states from opiates (Glue et al. 1992) and
cocaine (McDougle et al. 1994), that are associated
with sympathetic overactivity, also elicit an exaggerated
response to yohimbine. On the other hand, yohimbine
was not more anxiogenic in patients with obsessive-
compulsive disorder (OCD) (Rasmussen et al. 1987)
or generalized anxiety disorder (GAD) (Charney et al.
1989) compared with normal controls, thus indicating
that individual anxiety syndromes may not share the
same pathophysiology of the adrenergic system.

If the assumption that yohimbine increased anxiety
by antagonizing the α2 presynaptic autoreceptors were
correct, one would expect that an agonist at this site
should have an anxiolytic effect, by reducing locus
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The panic attacks induced by yohimbine may not be
representative of what happens in clinical anxiety,
because they are also associated with cortisol release
(den Boer & Westenberg 1993), unlike the spontan-
eous ones. Ethoxy-idazoxan, a much more selective 
α2 receptor antagonist than yohimbine or idazoxan
caused significant increase in blood pressure, plasma
NE and attention in a group of healthy volunteers thus
indicating strong sympathetic activation, as expected.
However, it was only anxiogenic at very high doses
(Coupland et al. 1994). It may be the case that other
effects of yohimbine, such as serotonergic ones, which
extend beyond its α2 antagonism and the sympathetic
system at large, are responsible for its anxiogenic
properties (Nutt & Lawson 1992). To our knowledge,
there are no studies with ethoxy-idazoxan in patient 
populations.

The sensitivity of the postsynaptic α2 receptors is
measured by the growth hormone (GH) response to
the clonidine challenge. Similar to what had already
been observed in depression, this response is blunted 
in panic patients, thus indicating a hyposensitivity of
the postsynaptic receptors in such patients (Charney &
Heninger 1986; Nutt 1986). Although there has been
at least one negative study (Gann et al. 1995), albeit
with a small sample size, the blunting of GH has 
been reproduced in many studies before and after 
successful treatment (Coplan et al. 1995; Brambilla 
et al. 1995). The same blunted response was produced 
in generalized anxiety (Abelson et al. 1991). In OCD
the results were mixed: one study (Brambilla et al.
1997a) produced a blunted GH response, while two
others did not (Lee et al. 1990; Hollander et al. 1991).
It should be noted though that this last study also
reported a significant reduction of obsessions and
compulsions with clonidine, a finding contrary to 
evidence from other studies (Hewlett et al. 1992). The
situation in social phobia was also not clear with 
two studies from the same group reporting different
results (Tancer et al. 1993, 1994/1995). There were
two important differences in the design of these studies 
that may account for the discrepant results. In the 
first study, intravenous clonidine resulted in a blunted
GH response in a mixed group consisting of both 
generalized and specific social phobia subjects. In the
second study, oral clonidine did not show a blunted
GH response in a patient sample with generalized
social anxiety. Therefore the route of administra-
tion of the challenge may be crucial in eliciting the

functional abnormality in question or specific types of
anxiety may or may not be related to α2 postsynaptic
hyposensitivity.

Apart from the chemical challenges described above,
physiological challenges such as isometric exercise,
Valsalva’s maneuver and rapid elevation of the body
from supine position have also been used to study the
cardiovascular autonomic responses of anxious pati-
ents and normal subjects alike. These cardiovascular
responses depend on sympathetic activity; hence they
provide another indirect view on the functional integrity
of the sympathetic system. The picture is still incom-
plete and the interpretation of these results is difficult.
Orthostatic challenge, exercise and Valsalva’s maneuver
in panic patients did not result in differential cardio-
vascular response, or plasma NE levels, compared with
controls (Stein et al. 1992). However, the picture was
different in social anxiety. An exaggerated blood pres-
sure response to Valsalva’s maneuver and a smaller
immediate fall in blood pressure upon standing, cou-
pled with increased supine and standing NE levels
were observed (Stein et al. 1994; Nutt et al. 1998). It 
is not clear yet whether these subtle changes are
specific to social anxiety, or whether they depend on
the strength of the challenge used. Yonidine, on the
other hand, did produce an exaggerated cardiovascu-
lar response in panic patients, compared with controls
(Nutt 1989).

A new method of enquiry that has emerged in recent
years is that of catecholamine depletion of the CNS.
This can be achieved by means of inhibiting tyrosine
hydroxylase, with α-methyl-p-tyrosine (AMPT), there-
fore blocking the production of catecholamines in 
the brain. Although this method has been successfully
used in depression (Delgado et al. 1993), it has not
been adequately tested in anxiety, not least as much as
the equivalent paradigm for serotonin transmission
(tryptophan depletion). So far, only one double-blind,
placebo-controlled study has been reported, in drug-
free obsessive-compulsive patients (Longhurst et al.
1999). The acute decrease in catecholamine availability
did not produce any changes in anxiety or obsessive
measurements, when patients were compared with
controls. While this is only the first study of its kind, 
it should be noted that, similar to the tryptophan
depletion studies in anxiety, there might be a need 
to add a behavioral or chemical challenge in order 
to produce a measurable response with AMPT (Bell 
et al. 2001).
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research increased dramatically in recent years. This
was the result of a combination of advances in clinical
practice and research technology. Drugs that block 
the reuptake of 5-HT from the synaptic cleft back to
the nerve terminal, the selective serotonin reuptake
inhibitors (SSRIs), demonstrated clear efficacy across
the board of different anxiety disorders (Argyropoulos
et al. 2000). Not so long ago the measurement of the
levels of 5-HIAA was used as a credible but proxy index
of the central 5-HT turnover. Nowadays, the develop-
ment of specific ligands allows the visualization and
the study of the multiplicity of 5-HT receptors and
their functional role in health and disease (Lucki 1996;
Passchier & van Waarde 2001). Further, the use of the
tryptophan depletion technique in humans (Bell et al.
2001), and molecular manipulations (Murphy et al.
1999; Zhuang et al. 1999) and microdialysis (Parent et
al. 2001) studies in animals, allow for a more rigorous
assessment of the integrity of the 5-HT systems in the
CNS.

Although the case for the involvement of 5-HT 
in anxiety is an overwhelming one, it is not clear yet
whether anxiety results from excessive or deficient 
central serotonin function (Table 11.2). Challenge
paradigms that increase central 5-HT transmission
have produced mixed results. The 5-HT agonist m-
chlorophenylpiperizine (mCPP) is anxiogenic in pati-
ents with panic disorder (Charney et al. 1987), OCD
(Zohar et al. 1987), generalized anxiety (Germine et al.
1992) and in normal controls at high enough doses
(Charney et al. 1987). Fenfluramine, a drug that releases

Serotonin

The substrate for the synthesis of the indoleamine 5-
hydroxytryptamine (5-HT) or serotonin is the dietary
amino acid l-tryptophan. The transmitter is synthes-
ized in discrete brainstem nuclei, mainly the dorsal 
and the median raphe. From there, nerve axons travel
throughout the forebrain. After release in the synaptic
cleft, 5-HT is actively transported back into the nerve 
terminal. Serotonin is catabolized to 5-hydroxyin-
doleacetic acid (5-HIAA), which is cleared from the
brain through the CSF and blood (Nutt 1993).

A whole host of serotonin receptors have been
identified in recent years. While the function of some
of these receptor groups remains speculative or even
obscure, there is substantial evidence for the involve-
ment of a number of them in anxiety. These include 
the G protein linked pre- and postsynaptic 5-HT1A
(Olivier et al. 1999), the phosphoinositol (PI) linked 
5-HT2 (Roth et al. 1998) and the Na+ channel-linked
5-HT3 (Olivier et al. 2000) receptor classes. Animal
studies have also implicated the terminal 5-HT1B/D
autoreceptor (Moret & Briley 2000). Given the diffuse
innervation that 5-HT neurones provide to the brain,
it comes as no surprise that this transmitter is involved
in the coordination of a variety of other functions,
including impulse control and aggression, appetite,
neuroendocrine regulation, sleep, sexual function and
mood (Nutt 1993; Lucki 1998).

Serotonin has been implicated in the neurochemistry
of anxiety for a long time, but interest in this field of
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Table 11.2 Evidence for excessive or deficient serotonin in the origin of anxiety.

5-HT excess 5-HT deficiency

mCPP (5-HT agonist) ⇒ ↑ anxiety in PD, OCD, Precursors of 5-HT (tryptophan, 5-HTP) ⇒
healthy volunteers anxiolytic or neutral (PD, healthy volunteers)

Fenfluramine (5-HT releaser) ⇒ ↑ anxiety in PD, SAD Tryptophan depletion ⇒ ↑ anxiety (PD but not OCD)

mCPP and fenfluramine ⇒ ↑ and ritanserin Fenfluramine ⇒ ↓ and ritanserin ⇒ ↑ of unconditioned
(5-HT blocker) ⇒ ↓ of skin conductance in conditioned anxiety (public speaking) in healthy volunteers
anxiety (loud noise) in healthy volunteers

SSRIs ⇒ ↓ anxiety after down regulation of 
autoreceptors and ↑ 5-HT (microdialysis studies)

5-HT, 5-hydroxytryptamine (serotonin); 5-HTTP, 5-hydroxytryptophan; GAD, generalized anxiety disorder; MCPP, m-chlorophenylpiperazine;
OCD, obsessive-compulsive disorder; PD, panic disorder; SAD, social anxiety disorder; SSRIs, selective serotonin reuptake inhibitors.
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5-HT, is also anxiogenic in panic disorder and social
anxiety (Targum 1990; Tancer et al. 1994/1995). The
same is true for the intravenous administration of clomi-
pramine, a tricyclic antidepressant with a strong sero-
tonin reuptake inhibition, in panic patients (George 
et al. 1995). On the other hand, l-tryptophan and 5-
hydroxytryptophan (5-HTP), the precursors of 5-HT,
are known to cause sedation and anxiolysis or, at
worst, to have no effect on anxiety (Westenberg & 
den Boer 1989; van Vliet et al. 1996). Further, the
SSRIs are traditionally thought to exert their action 
by increasing the availability of the transmitter in the
synaptic cleft.

A number of theories have been put forward in an
attempt to explain this apparent contradiction. The
anxiety response to the 5-HT agonists fenfluramine and
mCPP could simply be a cognitive misinterpretation of
the side-effects produced by these drugs (Kahn et al.
1988). However, mCPP and fenfluramine also produced
enhanced prolactin and/or cortisol responses in most
of the studies cited above, indicating that the anxio-
genic effect is not merely an artefact.

A possible interpretation of the neuroendocrine 
activation by fenfluramine and mCPP is that the post-
synaptic 5-HT receptors (especially 5-HT2) are hyper-
sensitive in anxiety. This may also account for the
exacerbation of anxiety that is sometimes observed at
the initial stages of treatment with SSRIs, before their
therapeutic effect becomes evident a few weeks into the
administration of the drugs (Argyropoulos et al. 2000).
Kahn et al. (1988) proposed that this is the result of 
initial stimulation of hypersensitive postsynaptic 5-HT
receptors by an excess of the transmitter, which is 
followed by down-regulation of these receptors in
response to chronic bombardment. If this were correct,
then the SSRIs would eventually exert their action by
reducing central 5-HT transmission. By inference then
anxiety could be considered to be a state of increased
global serotonin function.

This theory is contradicted by animal studies using
microdialysis. With this technique it is possible to meas-
ure the overflow of 5-HT into the extracellular space.
It is generally, but not universally, considered that 
this overflow represents an indirect measure of 5-HT
release in the synaptic cleft (Parent et al. 2001). The
microdialysis studies show that 5-HT is not increased
in the synapse during the acute treatment with SSRIs,
but only after there is down-regulation of the presyn-
aptic 5-HT1A autoreceptors (Blier et al. 1990). This

leads to the reduction of the negative feedback to the 
5-HT cell and subsequent increase in cell firing and
serotonin release. Buspirone, a drug that is effective in
generalized anxiety, is thought to exert its action
through these autoreceptors (Taylor et al. 1985).

Tryptophan depletion is another technique that can
be used to explore the functional importance of sero-
tonin in psychiatric syndromes. Through a combina-
tion of special diet and consumption of an amino acid
drink, it is possible to reduce plasma tryptophan up 
to 80% acutely. This is then supposed to result in sub-
stantially reduced central serotonin synthesis during
the experiment. Patient populations can be studied
before or after treatment, with or without concomitant
challenge tests that attempt to reproduce particular
symptom sets in the laboratory (Bell et al. 2001). So
far, few studies have been performed in anxiety patients.
While obsessive-compulsive or panic unmedicated pati-
ents do not seem to become acutely anxious when they
are depleted of tryptophan, panic patients treated with
SSRIs experience significant increase in their anxiety,
after a flumazenil challenge, on the day of the trypto-
phan depletion (Nutt et al. 1999). Although these
results are still preliminary, they provide a very strong
indication that increased, rather than decreased, 5-HT
is a necessary condition for the SSRIs to exert their
anxiolytic effect. A similar study has just been completed
in social anxiety, and preliminary analysis suggests a
similar relapse.

The answer to the conundrum of too much or too
little serotonin in anxiety may lie in the complex
anatomy of the central 5-HT innervation. There are
two major serotonergic systems that have been implic-
ated in anxiety. They originate from the medial raphe
nuclei (MRN) and the dorsal raphe nuclei (DRN),
respectively. The two systems are morphologically dis-
tinct, and have different afferent and efferent projec-
tions (Graeff 1990; Azmitia & Whitaker 1995), but
they function in parallel (Tork et al. 1990). It may be
that each system mediates distinct aspects of anxiety.
According to Grove et al. (1997), the MRN projection
is crucial for the modulation of fear and anticipatory
anxiety, while the DRN modulates cognitive processes
related to anxiety. Other authors have suggested that
the pathway from MRN to the dorsal hippocampus
mediates resistance to chronic unavoidable stress
(Deakin & Graeff 1991). The failure of one or all these
subsystems may be responsible for the phenomeno-
logically different clinical syndromes of anxiety and
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brain, before and after treatment, have mainly focused
on depression so far, but one study in treated panic dis-
order patients has reported a decrease in 5-HT1A recep-
tor density, similar to that seen in depression (Sargent
et al. 2000). A systematic study of anxiety conditions,
using positron emission tomography (PET) or single
photon emission computerized tomography (SPECT),
may yield valuable information towards the under-
standing of the precise role of 5-HT in these conditions.

Finally, evidence for the molecular/genetic processes
involved in the regulation of the central 5-HT system,
and their significance for anxiety, have just begun to
emerge. A polymorphism of the 5-HT transporter (5-
HTT) gene has been associated with anxiety personality
traits (Lesch & Mossner 1998) (see Chapter 13). How-
ever, these data are still preliminary and they have not
been yet integrated in the existing serotonin/anxiety
framework. This framework should also take into
account another potential source of heterogeneity and
contradictory experimental results, namely the envir-
onmental factors (especially early ones) that may have
long-term consequences and shape the 5-HT system
sensitivity to stress (Chalouoff 2000).

Dopamine

The catecholamine dopamine (DA), as mentioned 
earlier, is the precursor of NE. It is synthesized from
the dietary amino acid tyrosine. Similar to the other
monoamine transmitters, following release in the syn-
aptic cleft it is actively absorbed back to the nerve 
terminal, although some spills over to glial cells. DA is
catabolized by MAO and COMT. The final product of
both catabolic processes is homovanillic acid (HVA).
Measurement of HVA in CSF and plasma has been
used as a proxy measure of central DA turnover. The
largest nucleus containing DA-secreting cells is sub-
stantia nigra in the mid-brain. From there DA is sup-
plied mainly to the basal ganglia, nucleus accumbens,
cingulate and prefrontal cortex. A number of G protein
linked DA receptors have been characterized (D1-5).
The involvement of DA in movement disorders, schizo-
phrenia, depression, reinforcement mechanisms (e.g.,
in drug dependence), and emesis is well researched and
documented. Its role in anxiety though has not been as
well established (Nutt 1993).

A number of clinical observations led to the hypo-
thesis that DA dysfunction may play a role in social

depression (Deakin & Graeff 1991; Bell & Nutt
1998).

While an excess of serotonin may precipitate anxiety
in one subsystem, it may be anxiolytic in another.
According to Deakin and Graeff (1991), the role of 
5-HT in the ascending pathway from DRN to the
amygdala and the frontal cortex facilitates anxiety,
and more specifically conditioned fear. On the other
hand, 5-HT in the pathway from DRN to periaque-
ductal gray (PG) matter may inhibit unconditioned
fear, inborn fight/flight reactions to impending danger
and panic (Graeff et al. 1996). Some support for this
anatomical/functional diversity of 5-HT systems in
relation to anxiety is lent by experiments showing that
5-HT promoting agents (fenfluramine and mCPP)
increase skin conductance in a paradigm of an aversive
conditioned stimulus (loud tone) in healthy volunteers,
while fenfluramine decreased the subjective anxiety
induced by a paradigm of unconditioned stimulus
(public speaking). On the other hand, a 5-HT blocking
agent (ritanserin) had exactly the opposite effect in 
the above paradigms (Graeff et al. 1996; Guimaraes 
et al. 1997).

One may hypothesize that a combination of specific
functional/anatomical pathways and different 5-HT
receptor subtypes may be ultimately responsible for
the clinical expression of distinct forms of anxiety. 
If this were true, not only could the contradictions 
be explained and accommodated in a comprehensive
theory of 5-HT and anxiety, but pharmacological mani-
pulations targeting the suspect brain loci/receptors
could be possible. Most of the work in this field so far
is done in animals, but it is very promising. For example,
it appears that the enhancement of 5-HT2 transmis-
sion in the orbitofrontal cortex may be responsible 
for the therapeutic effect of the SSRIs in OCD (Martin
et al. 1998; Blier & Abbott 2001). Early animal work
suggests that a specific 5-HT2C agonist exerts its anti-
panic effect through the peri-acqueductal gray (PAG)
(Jenck et al. 1998).

The advent of neuroimaging should also help in
answering some of the questions raised above. Radio-
ligands, like the [carbonyl-11C] Way-100635 com-
pound, have become available in recent years for the
study of 5-HT1A receptors. The finding that these recep-
tors mainly localize in the limbic forebrain supports
the long held view that they are implicated in the mod-
ulation of emotions (Passchier & van Waarde 2001).
Attempts to study the 5-HT systems and receptors in the
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anxiety disorder (Argyropoulos et al. 2001b). However,
the first study that attempted to elucidate the role of
DA in this condition was negative. Patients were chal-
lenged with levodopa, but the resulting DA-mediated
release of prolactin and the eye-blink response were not
different from that of controls (Tancer et al. 1994/1995).
A later SPECT study though showed a decrease in 
striatal DA reuptake sites in patients compared with
controls (Tiihonen et al. 1997). Another SPECT study
(Schneier et al. 2000) found that the mean D2 receptor
binding potential in the striatum of patients was signi-
ficantly lower than that of controls. The above support
the idea that the number of dopaminergic synapses/
neurones may be reduced in social anxiety, leading to
DA hypoactivity in this syndrome. At present we cannot
answer the question whether these changes are simply
functional or whether they point towards structural
abnormalities of similar nature to the ones seen in neu-
rodegenerative conditions, albeit subtler. A magnetic
resonance imaging (MRI) study (Potts et al. 1994) found
no specific structural abnormalities in social phobia. 
It suggested, however, a greater age-related reduction
in the volume of the putamen in social anxiety pati-
ents compared with controls. A way forward might be
to challenge patients with a DA-releasing agent, such
as an amphetamine, and then measure the displace-
ment of the tracer from the receptors that the released
transmitter will produce (Laruelle & Abi-Dargham
1999).

Information about the role of DA in other anxiety
states is scarce. Levels of HVA in the CSF do not differ
between untreated panic patients and controls (Eriksson
et al. 1991). In another study, GH response was 
measured after apomorphine (DA receptor agonist)
challenge in depressed and panic patients and normal
controls. While the depressed group showed the well
characterized blunting of GH response, the panic
group did not differ from the controls, thus indicat-
ing no postsynaptic dopaminergic hypoactivity in this
anxiety disorder (Pitchot et al. 1995). In PTSD, a role
for DA dysfunction has been postulated in relation 
to the occurrence of paranoid/psychotic symptoms,
impaired motivation and concentration, emotional
numbing, dissociation and memory deficits in this
population (Coupland 2000). However, this is still
only a speculative possibility, neither confirmed nor
disproved by experimental data. Some tentative evid-
ence of involvement of DA in PTSD comes from a study
measuring the urinary catecholamine concentrations

in a sample of Vietnam veterans (Yehuda et al. 1992).
DA concentrations were higher in patients than con-
trols and they correlated positively with the severity 
of symptoms.

In OCD the picture is also incomplete. Several lines
of evidence point towards the involvement of DA in
OCD, not least the brain circuitry of this disorder,
which includes areas very rich in DA innervation (Insel
1992), and the clinical observation that neuroleptics
are sometimes effective in obsessive-compulsive spec-
trum disorders, including tics (Goodman et al. 1992).
Preliminary evidence from genetic studies suggests 
that polymorphisms in the D4 (but not the D2 or D3)
receptor gene may be associated with this disorder
(Catalano et al. 1994; Novelli et al. 1994; Billet et al.
1998). As mentioned earlier, acute catecholamine
depletion with AMPT failed to induce OCD symptoms
in drug-free patients (Longhurst et al. 1999). It may
well be though that, similar with the tryptophan deple-
tion technique in anxiety described earlier, a challenge
is needed in parallel with AMPT in order to produce
measurable change in symptoms. The apomorphine
challenge has been used in OCD with mixed results. It
elicited a cortisol response similar to the control group
(Brambilla et al. 2000), but the GH response was
blunted and the emetic response was significantly
stronger in patients than in controls (Brambilla et al.
1997b). Of note is that a smaller study failed to pro-
duce a blunted GH response (Pitchot et al. 1996).

Summary

Achieving a greater understanding of the nature and
diversity of anxiety or “the anxieties” has perplexed
psychologists for well over a century. In the last 30
years, neuroscientists have attempted to elucidate the
neurobiological circuitry that underlies anxiety and
hence shed light on the causes of pathological anxiety
states. Early work on humans tended to look at the
physiological and pharmacological provocation of
anxiety in various patient and volunteer groups. More
recently, with the advent of dynamic brain imaging
techniques and the increasing availability of new ligands,
work has focused on a more systematic “teasing out”
of the pathways involved in the various forms of anxiety.
Whilst noradrenergic, serotonergic and GABAergic
systems have remained the focus of attention, other trans-
mitters and modulators (e.g., DA, cholecystokinin) are
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becoming more prominent, while researchers also try
to assess the importance of the balance between these
systems (Ressler & Nemeroff 2000). More work needs
to be done towards a truly robust and comprehensive
neurobiological understanding of anxiety, with the
hope that this will lead to even more effective and 
better tolerated treatments.
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changes that map anxiety conditioning and innate fear
(Davis et al. 1994; Davis 2000; LeDoux 2000). This
knowledge, derived from animal experiments is thought
to provide a solid basis for the understanding of human
anxiety emotions and disorders. This consideration is
based on the belief that, on the face of it, adaptive and
pathological anxiety and fear are the emotive and cog-
nitive brain functions that map best between animal
models, humans, and human psychiatric disorders. This
is because unlike elation, sadness, hallucinations, or
thought disorder, the stimuli and the behavioral outputs
are more congruent between species, as well as access-
ible to observation and thus more explicitly charted.

However, it is unlikely that these animal experimental
paradigms alone will provide a robust understanding
of anxiety and anxiety disorders in humans. This is due
to three principal factors:
• Species differenceawhile the building blocks of the
human central nervous system are shared with other
animals, the human brain is very different in size and 
in the relative contribution of the frontal lobes. The
frontal lobes account for about one-half of the human
brain and this is disproportionate to all other species
including primates that are closest to us in terms of
phylogeny. There is a great deal of evidence which
demonstrates that parts of the frontal lobe such as the
dorsolateral prefrontal cortex and the orbitofrontal
cortex greatly contribute to human cognitive and 
emotional processes, and these areas have extensive
direct and indirect connections to all other parts of the
human brain. It is hence not conceivable that a thorough
understanding will be possible without elucidating the
necessary, unique and modulatory inputs that these
areas have on human anxiety.
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Introduction

Anxiety disorders are a collection of psychiatric condi-
tions in which the prominent presence of severe and
inappropriate anxiety or fear is part of the characteriz-
ing phenomenology of the individual disorder. At least
25% of people will experience one anxiety syndrome
in their lifetime, and these disorders have great eco-
nomic impact being responsible for approximately
10% of all working days lost through illness in the UK.
Research on the biological, psychological and social
brain substrates of these disorders, and of the “healthy”
emotions of anxiety and fear is carried out in the belief
that an improved understanding of the underlying
mechanisms will lead to improved treatments for these
disabling conditions. Tools used for this purpose have
ranged from the molecular to the social and have been
applied to animals and humans. At the cellular level,
intracellular changes in specific neuronal populations
of brains of animals subjected to anxiety provocation
have been described. At the systems level the effects of
human social situations on the expression of symp-
toms have also been elucidated.

Yet, the final common pathway of the expression 
of anxiety and anxiety disorders is dictated by the
summed output of specific and separate regional brain
activity at the time that the emotions or symptoms are
experienced. Thus the most valid investigational and
explanatory level is likely to be a description of the
global and regional brain physiological changes asso-
ciated with the expression of anxiety. This type of work
has been carried out in rodents with exquisite detail,
and has generated a considerable body of knowledge
related to the neuroanatomical and neurochemical

12



Brain imaging and anxiety disorders: 
the tools

Principles of human imaging

An understanding of the mechanisms of data acquisi-
tion in imaging is essential in order to make sense 
of imaging studies. This section introduces the prin-
cipal concepts for such an interpretation, focusing on 
X-ray computed tomography (CT), positron emission
tomography (PET), single photon emission computed
tomography (SPECT), various applications of mag-
netic resonance imaging (MRI) such as functional 
MRI (fMRI), magnetic resonance spectroscopy (MRS)
and diffusion tensor imaging (DTI). The electrical
recording and electrical averaging techniques such as
electroencephalography (EEG), computed multiarray
EEG and magnetoencephalography (MEG) will not 
be discussed here. EEG has been in existence for 50 or 
so years during which it has provided some leads; 
however, it has not lived up to its initial promise and a
comparison between EEG and the imaging modalities
discussed here will be made in the concluding parts 
of the chapter. Dense EEG mapping and MEG are 
less mature techniques, so there is little volume of 
evidence. However it is likely that, in combination
with the techniques discussed in this section, they will
provide very useful information by adding temporal
resolution not possible with the tools here described
that, instead, have good spatial resolution.

Anatomical imaging
Anatomical images of the human brain can be pro-
duced by the use CT or of MRI. CT maps the tomo-
graphic attenuation of X-rays which are transmitted
through the head in the camera. MRI uses a number 
of steps:
• a powerful magnetic field aligns all magnetic nuclei
(in most cases water) parallel or antiparallel to the
magnetic field;
• these molecules are excited by radiofrequency pulse
protocols which are spatially varied in order to pro-
vide spatial resolution;
• radio waves are turned off;
• signals are emitted from the brain;
• signals are received, recorded and reconstructed to
obtain a map, spectrum or picture.
MRI has superseded CT for structural brain imaging
as MRI provides better resolution of soft tissues and,

• Individual differencesait is quite clear from animal
experimentation that individual diversity such as genetic
differences in colonies bred for contrasting character-
istics (e.g. Maudsley reactive and nonreactive rats),
variations in individual housing and disparity in early
life events, including the intrauterine period, lead to
unequal anxiety responses and to dissimilarities in
pharmacological sensitivity. Similar factors also apply
to humans and are probably not easily mapped between
animals and humans because of the influence of genetic
heterogeneity, species specific appetitive behaviors and
untranslatable human events, such as child abuse,
interpersonal and family strife and personal meaning
of life events amongst many others.
• Anxiety is only a part of anxiety disordersawhile
anxiety is the common denominator of the disorders
grouped together, it is neither exclusive to these disorders
(e.g., anxiety symptoms occur commonly in depressive
disorders) nor the most prominent symptom or cause
of distress in all the anxiety disorders (e.g., rumina-
tions in obsessive-compulsive disorder or flashbacks 
in post-traumatic stress disorder are as disruptive as
anxiety symptoms).
The consequence of all the above is that the most
appropriate level of investigation and analysis, which
will allow to build a robust understanding of human
anxiety disorders, is the topology of human brain
functions associated with anxiety symptoms. A num-
ber of experimental tools have been employed for this
strategy over the last 50 years. However, none have the
descriptive and investigational potential of the recently
matured tools of brain imaging such as positron emis-
sion tomography and magnetic resonance imaging.
These neuroimaging techniques can provide charts of
gray and white matter distribution and tracts as well as
maps of receptor, enzyme, neurotransmitter and trans-
porter density and metabolic activity in the human brain
with a spatial resolution of the order of 4–10 nm. This
information provides a unique opportunity of linking
specific brain structures, regional neuropharmacology
and observable behavioral or cognitive outputs in a
manner that has not been possible up to recently. This
chapter first reviews the imaging techniques that are
available, their maturity, advantages and disadvant-
ages. The second part then reviews the current state of
knowledge in anxiety and anxiety disorders. The third
part critically examines the current effort and discusses
how imaging can be applied in the future in order to
understand the anxiety disorders.
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by varying the parameters of acquisition, can reveal
white matter lesions and areas of altered signal inten-
sity which reflect nonspecific pathology. Further, 
MRI does not employ ionizing radiation and its use is
therefore not restricted by radiation dose considera-
tions. Many studies have been carried out with these
techniques to assess volumetric changes in patients’
brain structures as compared with healthy controls.
Volumetric studies ought to have large numbers, ought
to be blinded, to employ automatic parcellation in
order to avoid observer bias and need careful matching
of variables such as age, sex, handedness, intellectual
ability and level of education in order to avoid intrinsic
biases. Further, it is important that control sample
scanning should be temporally interleaved with scans
for the patient group in order to avoid bias effects from
machine parameter drift. Most of the studies published
fail to meet these very stringent criteria.

More recently it has been possible to image white
matter tracts with DTI. This form of imaging uses MRI
to produce pictures of water molecules alignment in
the three separate spatial axes, thus allowing visu-
alization of myelinated axonal direction. This should
provide information about the physical connectivity 
of various areas of the brain and may be important 
in determining whether particular patient groups have
abnormal connections. Further, it will be of use in
exploring connections between activated areas in the
brain (see belowafMRI, p. 205).

Paradoxically, many of the techniques that were
developed to investigate neuroreceptor density can also
provide information on brain shrinkage or abnormal
gray matter in brain areas. This is because a decrease
or a change in neuronal density will also result in a
decrease or change in total receptor density unless the
whole brain matrix also shrinks proportionally. It is
therefore important, especially when head injury or
alcohol or substance abuse are likely to be involved,
that neuroreceptor studies should involve some ana-
tomical imaging in order to control for the possibility
of this shrinkage.

Functional imaging
Physiological and neurochemical images of brain 
processing can be obtained by the use of nuclear medi-
cine techniques such PET and SPECT. These involve
the recording of signals emitted by a radiolabeled 
compound which has been administered to the subject.
The observed tomographic signal represents the total
radioactive counts from a particular region and, thus,
is the sum of radioactivity from parent compound and
labeled metabolites (if present) both in blood and the
various tissue compartments. PET and SPECT are used
either to generate surrogate maps of brain activity
associated with particular tasks or conditions or to
measure neurochemical parameters such as receptor,
transporter or enzyme density (see Table 12.1 for a list
of commonly used PET tracers).
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Table 12.1 Some commonly used brain PET radioligands.

Name of ligand Label Type of ligand Measures

Raclopride C-11 Dopamine D2 receptors antagonist Dopamine D2 receptors
Flumazenil C-11 Central benzodiazepine site antagonist Central benzodiazepine sites

(alpha 1,2,3,5)
Diprenorphine C-11 Opiate antagonist Opiate receptors (µ,κ,δ)
DOPA F-18 Dopamine precursor DOPA transport into presynaptic terminal
WAY 100635 C-11 5-HT1A antagonist Serotonin 5-HT1A receptors
PK 11195 C-11 Peripheral benzodiazepine receptor antagonist CNS microglia activation
Carfentanyl C-11 Opiate (µ) agonist Opiate receptors (mainly µ)
Setoperone F-18 5-HT2 antagonist Serotonin 5-HT2 receptors
N-methyl-spiperone C-11 D2 and 5-HT2 antagonist D2 or 5-HT2 receptors
RTI 55 C-11 Dopamine and serotonin transporter substrate Dopamine transporters
MDL 100907 C-11 5-HT2A antagonist Serotonin 5-HT2A receptor density
Ro 15-4513 C-11 Central benzodiazepine site antagonist Alpha 5 central benzodiazepine density 

(more selective for alpha 5) (mainly)
Deprenyl C-11 Monoamine oxidase B inhibitor Monoamine B availability and glial density



Fluorine labeled deoxyglucose (18FDG) and [11C]
labeled glucose have been used with PET for direct
measure of glucose metabolism. 18FDG has been used
in preference as it accumulates in cells proportionally
to the glucose transport rates and is not further meta-
bolized (unlike [11C] glucose). This feature results in less
complex mathematical modeling in order to interpret
the tomographic data and has been preferred as a method
despite the fact that the transport and metabolic rate
constants for fluorodeoxyglucose are different from
pure glucose. 18FDG produces a map of summed glu-
cose transport into the cells dominated by activity over
a period of approximately 30 min, 20 min after its
intravenous injection. Therefore, it provides a map of
energy consumption by any particular brain state which
can be maintained for tens of minutes. Although only
one or two scans per individual can be produced, the
count statistics are very favorable and robust compari-
sons can be obtained with groups of 10–12 individuals
per arm.

Blood flow (or more precisely perfusion) can be
measured with PET using oxygen [15O] labeled injected
water or inhaled C15O2 (converted to water in the lung
capillaries). 133xenon (an inert gas which is fully dif-
fusible) and 99Tc-HMPAO (a ligand which is freely dif-
fusible across the blood–brain barrier but gets trapped
intracellularly by the changes in pH) have been used
with SPECT for the same purposes. Oxygen PET maps
blood flow over a period of up to 2 min postinjection,
with most of the information being acquired in the 
first 60 s. The amount of radioactivity administered to
produce good images with contemporary PET cameras
allows up to 12–16 scans to be performed in a single
individual at 8–10 min interval. Thus repeated “activa-
tion” experiments can be performed where statistic-
ally significant changes in regional radioactivity are
interpreted as mapping the cerebral regions associ-
ated with particular tasks. Usually these studies have
employed 10–20 subjects, thus producing 50–150 scans
per specific experimental task. This technique has been
very successful in delineating areas of the brain involved
in particular motor, sensory, language, affective and
memory tasks.

133Xenon is a breathed in, freely diffusible inert gas
used in the original nontomographic studies which
measured brain metabolism. It has been employed
tomographically by some investigators to quantify
cerebral blood flow with SPECT. 99Tc-HMPAO pro-
duces a “stationary” picture of cerebral blood flow

Neuronal populations engaged by mental processes
use energy. This consumption can usually be imaged dir-
ectly by administering radiolabeled glucose or glucose
analogs, or indirectly by imaging increased blood flow
or perfusion to the region. This is because local blood
flow is, usually, tightly coupled to variations in local
oxygen requirements in the brain. Regional metabolism
or blood flow maps thus produced represent changes
in energy requirements at synaptic sites as synaptic
neurotransmitter release and uptake is linked with the
greatest proportion of brain energy expenditure. There
is a debate on whether the location of the bulk of 
aerobic metabolism is in the neurone or the surround-
ing glia; this debate, however, is unlikely to influence
mapping from imaging as the synapses and supporting
glia are colocalized within the resolution of the tech-
niques (Magistretti & Pellerin 1999). Blood flow maps
can also be influenced globally by changes in carbon
dioxide (CO2) concentrations and regionally by neuro-
transmitters (norepinephrine [noradrenaline], acetyl-
choline, serotonin and a number of peptides) released
in nerve endings that act on the cerebral vasculature.

The maps thus produced represent the summation
of synaptic activity over hundreds of thousands of
synapses. This is one of the factors which can lead to
seemingly paradoxical effects. For instance, increasing
inhibitory γ-aminobutyric acid (GABA)-ergic activity
in “activated” cortex results in a decrease in local 
cerebral blood flow despite the increased synaptic work
at inhibitory synapses; this occurs because this signal is
overwhelmed by the decreased metabolism in excitatory
neurone synapses (Roland & Friberg 1988). However
both increases and decreases in metabolism can be
observed by increasing GABAergic input to resting
cortex or to other areas of the brain where the balance
between excitatory and inhibitory cells may be differ-
ent (Peyron et al. 1994; Tagamets & Horwitz 2001).
Further, since the observed changes are in the synaptic
fields rather than the cell bodies, the greatest activation
may be in locations distal to the ones suggested by 
electrophysiology or lesion experiments. Finally, in the
investigation of anxiety and anxiety disorders, the net
result can be affected by other factors such as changes
in respiration, noradrenergic activity, timing and com-
plexity of task and of image acquisition (Mathew et al.
1997; Malizia 1999) so that the valence of perfusion
change may change according to paradigm and tim-
ing of scans but still involve the same nodal brain
structures.

CHAPTER 12

204



BRAIN IMAGING AND ANXIETY DISORDERS

over a period of 2 min after injection which, because 
of the slow decay of 99technecium, can be imaged for
some hours. This has been particularly useful when 
it has been advantageous to inject patients at sites 
(e.g., a ward) away from the camera in order to record
transient events such as hallucinations. The tech-
nique, however, exposes subjects to large amounts of
radiation as SPECT is poorly sensitive. Its use in research
should therefore be restricted for the study of such
transient events.

Much of the activation work, pioneered with
nuclear medicine techniques, has been expanded using
fMRI. fMRI images changes in deoxyhemoglobin/
oxyhemoglobin associated with increased or decreased
oxygen consumption. As metabolic demands increase,
there is an overcompensation in the amount of oxy-
hemoglobin delivered to a particular brain area and
this generates the change in signal. Some technical issues
have not been fully resolved, such as susceptibility
artefacts causing loss of signal at tissue interfaces such
as the ventral orbito-frontal cortex. However, the
advantages of the absence of ionizing radiation and
better spatial and temporal resolution are so great that
many research centers have enthusiastically embarked
on research protocols with this technique. MRI scan-
ners are like tunnels and can generate considerable
anticipatory anxiety. Some patient populations such as
people with anxiety disorders find it difficult to tolerate.
This adds a further uncontrollable dimension to the
experimental procedure and diminishes the value of
this technology in the study of anxiety disorders.

MRS can also be used to produce spectra associ-
ated with particular compounds in the brain. In this
sense it is a form of functional imaging and it pro-
duces information on the regional presence and 
concentration of chemicals of interest, such as lactate,
glutamate and GABA. Further, analysis of the ratio 
of N-acetyl aspartate (NAA) to other compounds 
such as creatinine and choline is an index of neuronal
integrity. This technique is being increasingly used to
quantify regional neuronal loss.

PET and SPECT have also been used to image 
pharmacokinetic parameters related to receptors, trans-
porters, enzymes and transmitters. Ligands appropriate
for the system under study are labeled with a radiation
emitting nuclei to produce maps of their brain dis-
tribution after injection. PET is far more versatile 
than SPECT for this purpose as it usually labels nuclei
such as carbon which are universal in molecules with

biological activity. However, finding compounds that
have the ideal characteristics (e.g., very selective receptor/
transporter binding, low nonspecific binding, easily
cross the blood–brain barrier, no lypophyllic meta-
bolites, rapid brain–blood equilibration, no physiolo-
gical action) and which can be radiolabeled is extremely
expensive in terms of time and resources. Further, with
single scan protocols Bmax and Kd cannot be separated
and the pharmacokinetic parameters may also include
tissue delivery effects and nonspecific binding. When-
ever semiquantitative methods are applied (as most
often in SPECT) errors may also arise by scanning too
early after injection or by the inappropriate use of ref-
erence or comparison regions (Olsson & Farde 2001).
This results in either the data being heavily influenced
by delivery to the brain rather than binding to the
receptors, or in inappropriate conclusions from areas
where a secular equilibrium at the receptor site has 
not been reached. These methodological problems
accompanied by unsophisticated experimental design,
characteristic of new technology, have resulted in a 
relatively small number of adequate radioligand stud-
ies in the current brain research literature. Indeed, so
far, very few centers worldwide have been able to meet
the methodological challenges. However, these prob-
lems are likely to subside as researchers become more
experienced in imaging methodology. An additional
exciting development is that both SPET and PET may
also be used to detect the endogenous release of neuro-
transmitters thus allowing the study of functional 
neurochemistry in vivo in humans and which would
parallel in vivo microdialysis in animals (reviewed in
Laruelle & Huang 2001).

Brain imaging and anxiety disorders: 
the evidence

Obsessive-compulsive disorder

Obsessive-compulsive disorder (OCD) is the anxiety
disorder in which imaging has contributed most to
current understanding of its neurobiology. The dis-
order seems to have two main components: the repeti-
tion of acts or thoughts which are involuntary and
cause distress, and an increase in anxiety provoked by
the occurrence of such acts or thoughts. While imaging
has to date not been able to separate these two factors,
a consensus has emerged on the circuits associated with
the condition. The most consistent piece of evidence is
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a decrease in thalamic volume (Rosenberg et al. 2000),
which the authors argued to be a consequence of the
effects of paroxetine treatment (Rosenberg et al. 2000).
However the observation that the medial thalamus 
of treatment naive patients with pediatric OCD has
reduced NAA levels that correlate with symptom
severity, indicates that thalamic abnormalities are
probably a part of the essential brain pathology of this
disorder (Fitzgerald et al. 2000).

Functional imaging
It can be argued that functional imaging has contrib-
uted more to our understanding of the brain circuits 
of OCD than of any other psychiatric condition. The
resting metabolic changes often observed in the orbito-
frontal cortex, the anterior cingulate and the caudate
nucleus are consistent with the observations reported
in activation studies, where these structures are acti-
vated by symptom experience. These observations 
are congruent with theories of frontal lobe function.
Importantly, the resting metabolic differences normal-
ize on treatment with the suggestion that treatment
response is related to a lesser degree of abnormality.
The anatomical findings of the various resting meta-
bolic studies are reported in Table 12.2. Close inspec-
tion of the results indicates that the area most often
involved is the orbito-frontal cortex where the major-
ity of studies find an increase in resting metabolism.
Most of the studies that find a decrease in this region
utilize HMPAO SPECT rather than FDG PET. Signi-
ficant differences in thalamic, caudate and other frontal
metabolism are reported in about half the studies, but
the polarity of the change is as much for decreases as
for increases in metabolism. Additional areas include
the parietal cortex and the cerebellum. As discussed 
in the section on imaging techniques (p. 204) the
significance of increases or decreases in metabolism 
or blood flow is not as unambiguous as it first 
appears. Hence, for the time being, the observation of
significant changes in a particular area, whatever the
polarity may be, is likely to be more robust in helping
researchers identify the likely networks engaged in
pathological processes.

Activation studies have shown a similar pattern
upon provocation of symptoms in the scanner. In these
studies OCD symptoms are provoked while the patient
is in the camera and the changes in blood flow com-
pared with rest or with an appropriate control task.
The comparison can be either categorical which employs

abnormal metabolism in the orbito-frontal cortex, in
the anterior cingulate and in the basal ganglia, most
studies showing hypermetabolism in these structures.
These areas seem to have abnormal metabolic or blood
flow both at rest and on symptom provocation. In
addition, successful treatment, whether psychological
or pharmacological reverses these abnormalities.
Structural imaging has on the whole been less defini-
tive, although a considered view of the evidence would
point to some damage in the caudate nuclei and in the
thalamus. No progress has been made on the pharma-
cological imaging of this disorder.

Structural imaging
After early reports (Behar et al. 1984) of increased 
ventricle to brain ratio (VBR: a nonspecific measure 
of decreased brain parenchyma) in patients with OCD
using X-ray CT, the first observation of specifically
reduced caudate nucleus volume was reported by
Luxenberg et al. (1988). This study also used X-ray CT
and a sample of 10 male patients with severe OCD and
10 controls. The use of severely affected individuals
may have provided a cleaner sample that emphasizes
biological differences but results in reduced confidence
in generalizing the results. Since then, the results of
volumetric studies have been somewhat contradictory
with one study (Scarone et al. 1992) showing an
increased right caudate volume, four showing no dif-
ferences (Aylward et al. 1996; Jenike et al. 1996; 
Stein et al. 1997; Bartha et al. 1998) and two showing
a decrease in striatal volume (Robinson et al. 1995;
Rosenberg et al. 1997). Factors affecting the presence
or absence of reductions in caudate volume detectable
by MRI seem to include gender (females show fewer
differences), age of onset (earlier onset is more likely to
be associated with volumetric reductions), and pres-
ence of soft neurological signs. These papers are com-
plemented by MRS studies which have demonstrated
reduced NAA and thus a degenerative process in the
caudate nuclei (Ebert et al. 1997; Bartha et al. 1998).

Other reported differences include an increase in
lobar white matter (Jenike et al. 1996), decreases in
orbito-frontal gray matter and amygdala volume
(Szeszko et al. 1999), increased MRI T1 relaxation
time in the orbito-frontal cortex (Garber et al. 1989),
and an abolition of amygdala-hippocampal left-to-right
asymmetry (Szeszko et al. 1999). In addition studies 
in pediatric OCD have demonstrated an increase in
myelinated callosal fibers (Rosenberg et al. 1997) and
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subtraction techniques or correlational whereby the
changes in blood flow across the scans are related to
changes in symptom scores. The first categorical study
in this area was performed by the OCD group in Boston
(Rauch et al. 1994) that found increases in the right
caudate, bilaterally in the orbito-frontal cortex and in
the anterior cingulate cortex with stimulus presenta-
tion. These findings were echoed in a correlation study
of four patients (McGuire et al. 1994) where increases
in the right inferior frontal gyrus, the caudate nuclei,
putamen and globus pallidus, the thalamus, the left
hippocampus, and the posterior cingulate were all
found to correlate with symptom severity. Since then
orbito-frontal cortical activation has been confirmed
in three studies (Breiter et al. 1996; Cottraux et al.
1996; Adler et al. 2000) with additional foci in lateral
frontal, anterior cingulate and anterior medial temporal
(Breiter et al. 1996; Adler et al. 2000), and in caudate,
insula and amygdala (Breiter et al. 1996). Cottraux 
et al. (1996) employed a complex experimental design
presenting auditory stimulation to both patients and
controls. The auditory stimulation could be of obses-
sive thoughts or neutral and was also compared with
rest. They observed that both neutral and obsessive
thought stimulation would increase caudate metabolism
in patients and that obsessive thought provocation
would increase orbito-frontal metabolism in both 

patients and controls. However the pattern differed 
in that patients also exhibited an increased correlation
between superior temporal and orbito-frontal activity
which was absent in control subjects. Other studies
(Horwitz et al. 1991) have reported an increased cor-
relation in metabolism between anterior structures
(orbito-frontal cortex, caudate nuclei, anterior limbic
cortex) that is reversed by successful treatment (Azari
et al. 1993; Brody et al. 1998).

The latter finding is in keeping with the consistent
pattern emerging from treatment studies (Table 12.3)
where a decrease in orbito-frontal and caudate meta-
bolism is associated with treatment response in about
half the studies. These decreases are across all treatment
modalities including behavior therapy, pharmacother-
apy and neurosurgery. Where this has been recorded,
lesser baseline abnormality in these areas is associated
with better outcome. One study (Brody et al. 1998)
suggests that a different basal abnormality pattern is
associated with prediction of differential response to
behavior therapy or pharmacotherapy. While good
response to medication is, as in the other studies, asso-
ciated with lower resting metabolism in orbito-frontal
metabolism, better response to behavior therapy is
related to higher resting metabolism in the orbito-frontal
cortex. This issue will have to be further explored but
it heralds an interesting line of enquiry that suggests

207

Table 12.2 Resting metabolic studies of OCD.

Author Year Method OF CN ACC Other frontal Other Notes

Mindus et al. 1986 11C glucose + − 0 0 Rx resistant
Baxter et al. 1987 FDG + + 0 0
Baxter et al. 1988 FDG + + 0 0
Nordhal et al. 1989 FDG + 0 + 0
Swedo et al. 1989 FDG + 0 + + Children
Martinot et al. 1989 FDG 0 − 0 − Some on Rx
Machlin et al. 1991 HMPAO 0 0 0 +
Sawle et al. 1991 H2O + 0 0 +
Rubin et al. 1992 Xenon 0 0 0 0
Rubin et al. 1992 HMPAO + − 0 + +Parietal
Perani et al. 1995 FDG + 0 + 0 +Thalamus
Lucey et al. 1995 HMPAO − − 0 − −Thalamus 

−Parietal
Busatto et al. 2000 HMPAO − 0 − 0 +Cerebellum

+, increase in metabolism compared with controls; −, decrease in metabolism; 0, no difference found; ACC, anterior cingulate cortex; CN, caudate
nucleus; OF, orbito-frontal cortex; Rx, treatment.



patients with PD. However, this signal had to be rein-
terpreted as a consequence of the reappraisal of the
anatomical specificity of temporal lobe data collected
on prototypical scanners. In these cameras it was
difficult to distinguish between temporal lobe activa-
tions and extra-cranial muscular events; the latter were
responsible for the large activations observed, hence
discounting the original results.

Since then hippocampal metabolic asymmetry and
parieto-temporal hypofunction at rest as well as an-
terior cingulate and orbito-frontal activation with
anxiety experience are the most reproduced findings.
Other major advances in understanding PD have come
from pharmacological imaging where abnormalities 
in GABAA-benzodiazepine binding and GABA brain
concentrations have been demonstrated. Anatomical
imaging has supported the notion of temporal lobe,
but not hippocampal, abnormalities.

Structural imaging
Structural imaging has been used to investigate the
notion that PD may be associated with temporal lobe
abnormalities. The results thus far indicate that this
may indeed be the case, since both an increased number
of nonspecific lesions and shrinkage of the temporal
lobes are documented in all the published studies. There
is, however, no evidence that hippocampal volume is
reduced in PD in contrast to post-traumatic stress dis-
order and depressive disorders.

that the different treatment efficacy can be predicted
by diverse changes in brain function correlates.

Another line of enquiry which is likely to produce
useful leads on patterns of brain processing in OCD is
the exploration of changes in task related activations
when compared with healthy volunteers. Such an
approach has been pioneered by Rauch et al. (1997a)
who have demonstrated that OCD patients do not
activate the inferior striatum when performing an
implicit learning task, while these patients activate
abnormally the temporal cortices. This approach has
been also utilized by Pujol et al. (1999) who have
demonstrated that OCD patients activate the frontal
cortex to a greater extent than controls during a verbal
fluency task and that these activations are not sup-
pressed efficiently during a control condition. The
results of these experiments speak either to a differ-
ence in brain wiring in patients with OCD or to patho-
logical processes occurring in the background while
these patients perform other tasks. These possibilities
need to be explored in further experiments detailing
the similarities and differences in brain activation and
mental processing between controls and patients.

Panic disorder

Initial functional results in panic disorder (PD) showed
hippocampal and anterior temporal poles activation
and asymmetry with the experience of anxiety in
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Table 12.3 Treatment induced changes in brain metabolism in OCD.

Author Year Method Treatment OF CN ACC Other frontal Other Notes

Mindus et al. 1986 [11C] glucose Surgery − 0 0 0 0 Limited FOV
Baxter et al. 1987 FDG Traxodone 0 + 0 0 0 ?Comorbid
Benkelfat et al. 1990 FDG Clomipramine − 0 0 0 0
Baxter et al. 1992 FDG Fluoxetine/BT 0 − 0 0 0
Swedo et al. 1992 FDG Various − 0 0 0 0
Rubin et al. 1995 Xe Clomipramine 0 0 0 0 0
Rubin et al. 1995 HMPAO Clomipramine − − 0 0 0
Biver et al. 1995 FDG Surgery − − 0 0 − Thalamus

Case report
Perani et al. 1995 FDG SSRI 0 0 − 0 0
Schwartz et al. 1996 FDG BT 0 − 0 0 0
Saxena et al. 1999 FDG Paroxetine − − 0 0 0

+, increase in metabolism; −, decrease in metabolism; 0, no difference found; ACC, anterior cingulate cortex; BT, behavior therapy; CN, caudate
nucleus; FOV, field of view; OF, orbito-frontal cortex; SSRI, selective serotonin reuptake inhibitors.
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In a study of 30 consecutive patients from their clinic
with PD, Ontiveros et al. (1989) compared them with
20 healthy volunteers using structural MRI. Eleven
patients and one control were thought to have signi-
ficant brain abnormalities mainly in the right temporal
lobe (mainly areas of white matter abnormality) while
five patients and one control showed dilatation of the
temporal horn of the lateral ventricle. Patients with 
the temporal lobe abnormalities were younger at onset
of PD, had longer duration of illness and had more
panic attacks (PAs). In a similar sample of patients, the
same group found that 40% of patients with PD and
10% of healthy volunteers had medial temporal struc-
tural abnormalities (Fontaine et al. 1990). These find-
ings are extended in a large study of 120 PD patients
and 28 controls by Dantendorfer et al. (1996) which
demonstrated an excess of temporal lobe abnormalities
in patients when compared with controls (29% vs. 4%).
The prevalence of these abnormalities increased to 61%
in PD patients with “nonepileptic” EEG abnormalit-
ies, while they were present in 18% of the PD patients
without EEG abnormalities. The authors commented
that a high number of septo-hippocampal abnormalit-
ies were found. Hippocampal volume, however, was
not different between PD patients and controls in 
a volumetric MRI study by Vythilingam et al. (2000)
which compared 13 patients and 14 healthy volun-
teers. These researchers also found that both temporal
lobes (excluding the hippocampus) were 10% smaller
in PD patients even after controlling for the fact 
that these patients have smaller brains (7%) than
healthy controls. Interestingly, this result was not due
to the larger number of women in the PD group as
males and females with PD have almost identical brain
volumes.

Functional imaging
PD was investigated early in the development of neuro-
imaging research because of the clear definition of the
disorder and because of the relative ease with which
PAs could be induced. This would allow comparison of
brain activity during an attack with activity in the rest-
ing state. Investigators, however, soon realized that it
was very difficult to observe patients during a PA as
patients would find it difficult to stay in the camera.
Hence some experiments were focused on the resting
state and by separating out subgroups of patients who
were sensitive to anxiogenic challenges such as lactate
infusion.

Initial work by one group produced three studies
(Reiman et al. 1984, 1986, 1989). These initial results
seemed congruent with activations provoked in healthy
volunteers by fear conditioning (Reiman et al. 1984)
and were therefore cited as evidence of a continuity
between healthy and pathological anxiety whereby the
same brain modules were engaged during any subject-
ive experience of anxiety and whereby resting dysfunc-
tion in these modules may underlie the predisposition
to PD.

This group showed that in fear conditioning there
were large anterior temporal pole activations and that
these areas showed elevated blood flow during PAs in
the context of abnormal asymmetries (left less than
right) in the hippocampi at rest in PD patients. In the
first resting study (Reiman et al. 1984) 16 patients with
PD (some being on medication) were compared with
25 controls and showed abnormally low left to right
ratios of hippocampal blood flow at rest. This was 
particularly significant in the eight patients who were
sensitive to lactate challenge. Other areas (hippocampus,
amygdala, inferior parietal lobule, anterior cingulate,
hypothalamus, orbito-insular gyri) had no significant
left to right differences. Two years later another study
which included many of the subjects from the first
(Reiman et al. 1986) was published. This compared
eight lactate sensitive PD patients with eight lactate
insensitive PD patients and 25 controls at rest. The 
lactate sensitive patients had lower ratio of left to 
right parahippocampal blood flow, blood volume and
metabolic rate for oxygen which the authors inter-
preted as an increase in metabolism in the right hip-
pocampus. Finally in 1989 the third study (Reiman 
et al. 1989) compared 17 patients and 15 controls before
and during lactate infusion. Lactate infusion seemed to
produce small increases in blood flow in the superior
colliculi bilaterally and the left anterior cerebellar 
vermis. Only patients who had a PA (N = 8) showed
large bilateral increases in blood flow in the temporal
poles, in the claustrum/pallidum/insula bilaterally, in
the superior colliculi bilaterally and in the left anterior
cerebellar vermis.

Later it was demonstrated that the most significant
activations in conditioned fear were due to extra-
cerebral signal secondary to teeth clenching (Drevets 
et al. 1992) and so all the temporal activations reported
by this group at that time have to be considered cau-
tiously. The use of modern scanners and of coregistra-
tion with anatomical images makes this sort of error
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hippocampal ratio, a lower metabolic rate in the left
inferior parietal lobule, trends towards significant
increases in the right hippocampal region, medial orbito-
frontal cortex and towards significant decreases in the
anterior cingulate. Anxiety measures did not correlate
with metabolism in any particular area while depressed
mood ratings and CPT performance correlated posi-
tively with medial orbito-frontal metabolism.

The same group (Nordahl et al. 1999) went on 
to report on nine PD patients successfully treated 
with imipramine and compared their resting cerebral
metabolism measured with 18FDG PET with healthy
volunteers and untreated PD patients. Compared with
healthy volunteers, treated PD patients had lower left
to right hippocampal and prefrontal metabolic ratios
(but no difference with untreated PD patients). Lower
posterior orbito-frontal metabolism was found in treated
patients when compared with healthy volunteers or
untreated patients and this effect was ascribed to
clomipramine since it was similar to effects observed
with imipramine in OCD (Benkelfat et al. 1990). Post
hoc comparisons revealed that treated patients were
no different from controls in the left parietal and left
Rolandic areas which were hypometabolic in untreated
PD patients.

Malizia et al. (1997) compared resting PET ligand
delivery (a measure indicative of regional cerebral blood
flow) between 11 patients with PD on no medication
and seven healthy controls. All subjects were being
scanned for the first time. Patients had significant lower
delivery in posterior temporal, inferior parietal and
cerebellar cortex bilaterally. In patients but not in con-
trols the Spielberger State Anxiety Inventory adminis-
tered just prior to scanning covaried positively with
anterior cingulate and negatively with middle temporal
and cerebellar delivery. These observations indicate
that the experience of anxiety in this group correlates
with increases in blood flow in the anterior cingulate
and with decreases in flow in posterior structures.

In a SPECT study, De Cristofaro et al. (1993) exam-
ined nine patients with PD and five controls at rest with
99Tc-HMPAO. The results for the seven patients who
were lactate sensitive were then reported. This group
had significantly increased asymmetry (interpreted as
increased right-sided flow) in the inferior orbito-frontal
cortex, increased flow in the left occipital cortex and
decreased flow in the hippocampal/amygdala bilater-
ally. These PD patients were treatment naive (although
some of them had occasionally taken benzodiazepines),

difficult to repeat. However, a consequence is that
there have been relatively few activation and resting
studies in PD when compared with post-traumatic
stress disorder, depression or OCD. While a pattern is
starting to emerge the data is still scarce and a synthesis
is difficult because of the variety of techniques and
analyses used, with a particular paucity of pixel-based
analyses.

Symptom provocation and 133xenon SPECT was
used by Stewart et al. (1988) when 10 patients with PD
and five healthy controls were compared. Scans were
carried out before and after either a lactate or a saline
infusion. Six patients had a PA and were compared with
nonpanickers and controls. Hemispheric blood flow
was increased postlactate infusion in nonpanickers
and controls. This change was greatest on the right but
it did not reach statistical significance. People who
experienced a PA did not show such a change, possibly
due to hyperventilation which would in itself decrease
blood flow. In addition, people who experienced a PA
showed a significant increase in the occipital lobe blood
flow normalized to hemispheric blood flow bilaterally,
as well as a trend for a decrease in left prefrontal blood
flow with PAs. More recently Fischer et al. (1998)
reported data from a healthy volunteer who experi-
enced a PA in an experimental setting within a PET
camera. Panic in this woman was associated with acti-
vations in the right ventral and medial orbito-frontal
cortex. Activations reported in the genual anterior 
cingulate and in the right temporal cortex show stereo-
tactic co-ordinates which could be interpreted as being
in the orbito-frontal cortex also. In summary there is
little convergence between these reports indicating
that more investigations are needed to understand the
pattern of brain activity during a PA.

A consistent pattern is also difficult to establish in
the five studies which have examined basal blood flow
or metabolism in PD, although there is some conver-
gence of observed decreases in resting metabolism in
the parieto-temporal cortices and of lower left to right
hippocampal ratios in some patients. Nordahl et al.
(1990) reported the results of 18FDG PET resting scans.
He compared 12 medication-free patients with PD and
30 healthy volunteers. Ten patients had a history of
lifetime comorbidity but none had other diagnoses at
the time of examination. All subjects were scanned
during an auditory continuous performance task (CPT)
in order to control the environmental conditions. The
investigators found a significantly lower left to right

CHAPTER 12

210



BRAIN IMAGING AND ANXIETY DISORDERS

young, and had a mean duration of illness of 11 months.
Bisaga et al. (1998) also compared the resting cerebral
metabolism of six lactate sensitive, treatment free,
female patients with PD with healthy volunteers using
18FDG PET. They found significant decreases in meta-
bolism in the right inferior parietal area, and the right
superior temporal gyrus, with increases in metabolism
in the left parahippocampal gyrus.

Two studies have been conducted using a pharma-
cological challenge. In the first (Woods et al. 1988)
yohimbine provocation of panic in PD patients resulted
in large decreases in HMPAO SPECT signal in the
frontal cortex. The study has, however, not been
described in more detail elsewhere and so detailed
comment is not possible. The second (Meyer et al.
2000) used fenfluramine in a protocol which examined
blood flow before and after this challenge in PD
patients and volunteers. The scans were timed so that
PAs, if present, would occur while the person was not
being scanned. The investigators found that, at rest,
PD patients had lower blood flow in the posterior 
parieto-temporal area. This area of cortex also had
significantly greater increases in perfusion in PD patients
after fenfluramine when compared with healthy volun-
teers; the data presented, however, does not explain
whether any patients found the infusion panicogenic
and, if so, whether this affected the later blood flow
differentially. The authors argue that this area could
be predicted to be activated as it was reported to elicit
feelings of suffocation and nausea when stimulated
during neurosurgical procedures in the 1950s. Further,
validation for the significance of this area in PD comes
from the fact that it is coterminous with the hypo-
metabolic areas reported by other metabolic studies 
in these patients (Nordahl et al. 1990; Malizia et al.
1997; Nordahl et al. 1999).

In summary it is difficult at present to make com-
plete sense of the data collected so far and to relate it 
to what is known about the functional anatomy of fear
in animals. Three findings are, however, somewhat
consistent:
• the presence of a left-to-right asymmetry in hip-
pocampal metabolism which is mainly detected at rest,
although the side which is predominant is in dispute.
• parieto-temporal hypometabolism which may rectify
on treatment, and which is in the same location as
fenfluramine activation.
• changes in anterior cingulate or orbito-frontal
metabolism as in other affective or anxiety conditions.

In vivo neurochemistry
Receptor binding The only system which has been 
thus far investigated by more than one group is the
GABAA-benzodiazepine. Following the lead from psy-
chopharmacology challenge findings (e.g., Nutt et al.
1990), six iomazenil SPECT studies of PD so far pub-
lished have attempted to address the question of
whether benzodiazepine site binding is decreased in
particular cortical areas (Schlegel et al. 1994; Kaschka
et al. 1995; Kuikka et al. 1995; Tokunaga et al. 1997;
Brandt et al. 1998; Bremner et al. 2000). All but the
last one have significant methodological problems
(inappropriate control groups, relative quantification
only, presence of medication, unclear diagnostic sys-
tems and, most importantly, too short an interval
between injection and scanning to separate delivery
effects from binding) which result in considerable
difficulty in interpreting the data. At best these can
only be regarded as pilot data.

Schlegel et al. (1994) was the first to report decreased
benzodiazepine receptor binding in PD using iomaze-
nil SPECT comparing, at 90–110 min postinjection,
10 patients with PD with 10 patients with epilepsy on 
carbamazepine. The decreases were significant in the
occipital and frontal lobes and maximal in the tem-
poral lobes. Kaschka et al. (1995) studied nine medi-
cated patients with PD and depression compared with 
a matched group of medicated patients with dysthymia
using iomazenil SPECT scans at 2 h after injection.
Decreases in binding were seen in the inferior temporal
lobes both medially and laterally and in the inferior
medial and lateral frontal cortex. These changes were
already detectable at 10 min postinjection reflecting
changes dominated by delivery effects. All participants
were on antidepressants. On the other hand Kuikka 
et al. (1995) using two different SPECT cameras (at 
90 min postinjection) studied 17 unmedicated patients
with PD and 17 healthy age and sex matched controls
using iomazenil and found an increase in iomazenil
signal bilaterally in the temporal cortex and in the
right middle/inferior lateral frontal gyrus. Brandt et al.
(1998) showed that patients with PD have a significant
increase of benzodiazepine receptor binding in the right
supraorbital cortex and a trend to an increased uptake
in the right temporal cortex. Both studies are, however,
very likely to be contaminated by signal dependant 
on ligand delivery. Tokunaga et al. (1997) followed a
very rigorous scanning methodology in an excellent
technical study but did not use a standard psychiatric
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In the only fully quantitative study of benzodi-
azepine naive subjects, Malizia et al. (1998) employed
[11C]flumazenil PET and found a global decrease in
binding (20% decrease in volume of distribution) in
benzodiazepine naive, drug-free patients with PD who
had no comorbid conditions and did not abuse alcohol
(Fig. 12.1). These changes were maximal in ventral basal
ganglia, orbito-frontal and temporal cortex. Decreased
binding in thalamus, dorso-lateral and medial prefrontal,
medial temporal and cerebellar cortex, and vermis
were accounted for by the global changes. One other
study (Abadie et al. 1999) has examined [11C]flumazenil
binding. This study compared patients with a number
of anxiety disorders with healthy volunteers. Measures
of binding were derived by using the pons as a refer-
ence region. However, since this measure is very noisy,
it included negative values for some of the subjects 
and therefore a “pooled” reference region was used;

classification which limits the generalization of his
demonstration of global reduced benzodiazepine bind-
ing in patients with anxiety disorders. Bremner et al.
(2000) carried out a very careful SPECT study with
robust technological methodology. They showed a rel-
ative decrease in measures of benzodiazepine receptor
binding in left hippocampus and precuneus in PD pati-
ents relative to controls. This group further observed
that PD patients who had a PA had a decrease in benzo-
diazepine receptor binding in prefrontal cortex when
compared with patients who did not have a PA at the
time of the scan They also reported an increase in benzo-
diazepine binding in the right caudate, in the occipital
lobes, in the middle temporal, and in the middle frontal
cortex. However, although patients were drug free at
the time of the scan none of them were benzodiazepine
naive and therefore changes in receptor expression due
to previous treatment cannot be excluded.
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Fig. 12.1 Volume of distribution is a measure related to binding potential and proportional to Bmax/Kd. Note that panic
disorder patients show reduced flumazenil binding in all brain areas. For full data and discussion see Malizia et al. (1998). 
n Control, panic disorder.
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this resulted in an unusually high variance in binding
measures. In the five patients and the five controls in
whom an arterial input function was available, all
areas examined had lower benzodiazepine binding in
patients; however, these differences were not statis-
tically significant with the methods employed by the
authors. The data are presented in Table 12.4 along-
side the results from Malizia et al. (1998), and show
that UK and French brain-binding data in vivo are
quite comparable (except perhaps in the cerebellum)
and show a reduction in benzodiazepine binding.

Decreased benzodiazepine receptor binding is con-
sistent with the idea that PD is due to a deficiency in
brain inhibition that leads to, or allows, paroxysmal
elevations in anxiety during PAs. The peak decreases
in benzodiazepine binding are in anatomical areas (e.g.
orbito-frontal cortex and insula) thought to be involved
in the experience of anxiety in humans and could 
represent a primary pathology. The reduction in bind-
ing not only explains some of the known features 
of benzodiazepine receptor function in PD but is also
congruent with animal data showing that chronic stress
decreases benzodiazepine binding (Inoue et al. 1985;
Weizman et al. 1989, 1990) and that animals with
genetically decreased flumazenil binding experience
more anxiety (Crestani et al. 1999). It is thus possible
that this finding could be the result of experiencing
repeated PAs, or the consequence of one or more of the
etiological factors, such as genetic predisposition or
life events.

These hypotheses can be further tested. If the genetic
vulnerability is specific to PD, it is expected that poly-
morphisms for one of the GABA receptor subunits will
be associated with the expression of this disorder in
particular families; also, reduced binding would not be

found in other anxiety disorders. If the vulnerability is
for the experience of inappropriate anxiety, then the
difference in binding should also be found in other
anxiety disorders and polymorphisms, if present, will
not be specific to PD. If the changes are secondary to
environmental factors, then they may also be found
after chronic stress and no association would be found
between GABA subunit polymorphisms and anxiety
disorders.

[11C]WAY 100635 has been available as a useful
PET radioligand to investigate 5-HT1A receptors and
following the demonstration of global decreases in
benzodiazepine binding, global decreases in cortical
and subcortical 5-HT1A binding in PD patients when
compared with controls have also been demonstrated
by the same research group (Sargent et al. 2000). These
patients were, however, on active selective serotonin
reuptake inhibitor (SSRI) treatment when scanned and,
therefore, the findings could be a consequence of the
therapeutic interventions rather than a correlate of the
psychopathology. In this light the findings of an inverse
correlation between 5-HT1A binding and anxious 
personality (Tauscher et al. 2001) is of great interest,
as it may indicate that low 5-HT1A receptor density
predisposes to anxiety in humans. Further, reduced
binding at benzodiazepine and 5-HT1A receptors may
share a common etiology as demonstrated in the 5-
HT1A knockout mice (Sibille et al. 2000).

Brain GABA concentrations One of the possible 
mechanisms by which GABAA-benzodiazepine receptor
subunit composition could be altered or down-regulated
is via a change in brain GABAergic activity. Goddard
et al. (2001) have demonstrated that patients with PD
have a 22% reduction in total occipital cortex GABA
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Table 12.4 Comparison of [11C] flumazenil volumes of distribution values in the Malizia et al. (1998) PD study and in the
Abadie et al. (1999) anxiety disorders study. Data redrawn from published tables.

Right Left Right Left Right Left
Medial lateral lateral Posterior lateral lateral lateral lateral
frontal frontal frontal Cingulate occipital occipital occipital temporal temporal Cerebellum

Abadie patients 4.8 4.1 4.3 5.1 5.3 4.1 4.6 4.2 4.1 2.9
Abadie controls 5.6 4.7 4.6 5.8 6.0 4.5 4.6 5.1 4.8 3.6
Malizia patients 4.2 4.0 4.1 4.8 4.9 4.5 4.7 4.7 4.3 3.8
Malizia controls 5.0 4.7 4.8 5.8 5.5 5.1 5.4 5.6 5.0 4.2



consistent demonstration of small reduction in hip-
pocampal volume in adult but not childhood PTSD.
Findings from activation studies have been somewhat
inconsistent and may reflect the disparity in symptom
provocation methods as well as heterogeneity in the
patient groups. Regional alterations in benzodiazepine
binding and global changes in α2-adrenergic metabolic
responsivity have also been demonstrated.

Structural imaging
PTSD is a condition which by definition occurs after an
unusually severe stressful event. Stress is known to
result in a physiological response which is mediated by
ascending monoaminergic systems in the short term
and by the hypothalamic–pituitary–adrenal axis in the
longer term whereby stress results in increased gluco-
corticoid (GC) concentration in plasma and brain.
Recently, much attention has been devoted to the noxi-
ous effects of increased GC on neurones (Sapolsky
1996), particularly in the hippocampus, where it is
thought that persistently high GC concentrations in-
duce reversible atrophy of the dendritic spines. These
observations lead to the conclusion that prolonged
periods of stress, leading to increased GC concentra-
tion, result in hippocampal atrophy in humans, a theory
supported by findings in depression (which is accom-
panied by hypothalamic-pituitary axis (HPA) abnor-
malities in many patients) where atrophy is correlated
with total period of illness (Sheline et al. 1999).

In PTSD severe stress is experienced repeatedly over
a period of months, first because of the incident itself
and then through the re-experience of the traumatic
events. It should therefore follow that a reduction in
hippocampal volume should be observed in patients
with this condition and that the greatest damage should
be seen in patients with the longest history of PTSD.
Four MRI studies (Table 12.5) of PTSD patients have
been performed that have used volumetric MRI with
manual segmentation of the hippocampus (Bremner 
et al. 1995; Gurvits et al. 1996; Bremner et al. 1997b;
Stein et al. 1997). Each study had a different criterion
for definition of the hippocampus since some investi-
gators prefer to measure a clearly defined portion (e.g.,
middle) rather than increasing noise by including areas
with poor boundary definition. All studies reported 
a small decrease in hippocampal volume (about 5%)
except for Gurvits et al. (1996: about 25%) who, how-
ever, did not interleave measurements of patients and
controls, thus being open to the possibility of scanner

concentration (GABA plus homocarnosine) compared
with controls. GABA concentration was measured by
using MRS of occipital cortex in vivo; the selection 
of this area of the brain was dictated by current con-
straints in data acquisition using this method. This
remarkable finding was present in 12 of the 14 patient–
control pairs, but there were no significant correlations
between occipital cortex GABA levels and measures of
illness or state anxiety. Further studies will be needed
to determine GABA concentration in areas more ger-
mane to the expression of anxiety, but these data pro-
vide an interesting model of pathophysiology in PD.

Response to challenge Finally, while lactate has been
well-recognized as a panicogenic agent, the mechanism
of action has been disputed. In particular, it was argued
that since lactate could not cross the blood–brain bar-
rier, its effects were likely to be peripheral. However,
Dager et al. (1999), using whole brain MRS, have
demonstrated that patients with PD who are lactate
sensitive have a greater and more prolonged elevation
in cerebral lactate after the infusion of l-lactate when
compared with healthy controls or with patients who
do not panic. This increase in lactate is not region
specific and seems to occur throughout the brain corre-
lating well with cerebrospinal fluid cisternal values.

Summary
Four main findings emerge from the biochemical imag-
ing experiments in PD, although these conclusions are
based on only a few experiments:
• There is reduced benzodiazepine binding in benzo-
diazepine naive PD patients.
• PD patients may show reduced 5-HT1A binding.
• PD patients have decreased GABA cerebral levels
which at present have only been demonstrated in the
occipital cortex.
• PD patients who experience the panicogenic effects
of lactate have larger and more persistent increases 
in cerebral lactate after infusion than healthy controls
or nonpanicking PD patients. This central effect may
provide a link between CO2 and lactate as panicogens,
since both can lead to very similar metabolic changes
in tissue.

Post-traumatic stress disorder

The main findings in post-traumatic stress disorder
(PTSD) have come from structural studies with a 
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drift as an explanation for the large differences. Later-
ality is mixed as some report greater loss of volume on
the left and some on the right but Bremner et al. (1995)
report that right hippocampal volume correlates to the
Wechsler Verbal Memory score and Stein et al. (1997)
observe that left hippocampus volume decrease cor-
relates to severity of dissociation.

While on the face of it, this converging evidence
could be regarded as robust, a firm conclusion is made
difficult by the usual problem of the unlikely reporting
in the literature of equally small negative studies. In
addition, as in all PTSD studies, interpretation is made
more difficult by considerable clinical methodological
problems such as psychiatric comorbidity, substance,
and alcohol abuse. Some of these MR investigations
attempted to minimize these problems by careful match-
ing and the use of multiple linear regression; however,
the direct effect of these factors cannot be definitely
excluded.

The observation of mild hippocampal atrophy is,
however, supported by the only published MRS study
(Freeman et al. 1998). This study shows significantly
reduced N acetyl aspartate/creatinine (NAA/Cr) proton

MRS ratios (an index of neuronal damage) in the right
medial temporal lobe, and significant reduction in
choline/creatinine (Cho/Cr) ratios (possibly an index 
of white matter damage) in the left medial temporal
lobe in 21 veterans with PTSD compared with eight
control veterans.

The significance of a decrease in hippocampal vol-
ume is difficult to interpret as it may be a predisposing
factor to developing PTSD and not a consequence of
the trauma. If mild hippocampal atrophy is a predis-
posing factor, then it may be possible to devise screen-
ing procedures to prevent vulnerable individuals from
coming in contact with severe stressors as part of their
jobs. The finding would be of great significance for
biological psychiatry as it would link anatomical pre-
disposition to psychological vulnerability to trauma.
If, however, the hippocampal changes are secondary to
the trauma, it would be important to determine the
mediating factor. This is unlikely to be a plain increase
in GC as PTSD patients have been demonstrated to
have normal or low cortisol levels in the blood and a
hyper-responsive pituitary (Yehuda et al. 1999). There-
fore this area merits further close scrutiny and a study
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Table 12.5 Studies of hippocampal and cortical volume in PTSD.

PTSD patient Left Right
Author and method group Controls hippocampus hippocampus Other

Bremner et al. (1995) Veterans (N = 26) Healthy volunteers 4% smaller 8% smaller Right hippocampal 
Volumetric MRI Males (N = 22). Males (NS) (p = 0.03) volume correlates to 

Matched on many Wechsler Verbal 
parameters Memory Score

Bremner et al. (1997) Child abuse (N = 17) Healthy volunteers 12% smaller 5% smaller Larger left temporal 
Volumetric MRI 12 males (N = 17). Males (p = 0.008) (NS) lobe and trend for 

Matched on many larger amygdala in 
parameters PTSD

Gurvits et al. (1996) Veterans (N = 7) NonPTDS veterans 28% smaller 30% smaller Subarachnoid space 
Volumetric MRI Males (N = 7) (p < 0.001) (p < 0.001) increased in all 

Healthy volunteers veterans. Total 
(N = 8) hippocampal volume 
Matched on many decrease correlates to 
parameters. Males combat exposure

Stein et al. (1997) Child sexual abuse Healthy volunteers 5% smaller 3% smaller Left hippocampus 
Volumetric MRI (N = 21) (N = 21). Female (p < 0.05) (NS) volume decrease 

Females Matched for age correlates to severity 
and education of dissociation



pattern of increased blood flow in the anterior cingulate,
anterior insula, orbito-frontal cortex, and anterior
temporal pole. Decreases in blood flow were observed
in the left inferior frontal cortex. Anterior cingulate
and anterior insula activations were thought to be
nonspecific as they were induced by the experience 
of strongly emotionally laden memories irrespective of
having developed PTSD. Volunteers re-experiencing
traumatic events (but who had not developed PTSD)
also had similar magnitudes of activation in these areas.
Orbito-frontal and anterior temporal activations were
greater in PTSD patients but not unique to the patient
group, suggesting a quantitative rather than quali-
tative difference in the circuits subserving emotional
responses to trauma memories. The left inferior frontal
decreases were present only in the PTSD patients 
and could therefore represent a specific pathological
response.

Another study (Shin et al. 1997) compared the ac-
tivations produced by perception or imagery of war
scenes with either negative or neutral stimuli. The
study selected war veterans with and without PTSD.
The pattern of regional blood flow change differed
according to the modality of the subtraction paradigm
employed and the only common pattern that emerged
was of cingulate increases (albeit in different loci) and
of left inferior frontal decreases.

Four other activation studies contribute to the 
current knowledge. One study documented a failure of
parietal activation with an attentional task in PTSD
patients when compared with controls (Semple et al.
1996) but little can be concluded from this study as the
performance was also impaired; thus the difference in
activation may be due to the subjects not performing
the task equally well. One employed a similar strategy
to the Boston group by investigating victims of child-
hood sexual abuse with and without PTSD using auto-
biographical scripts of trauma minus neutral scripts
(Bremner et al. 1999a). This study showed a completely
different pattern of regional blood flow change com-
pared to the Boston group, with increases in perfusion
in posterior insula, posterior cingulate, superior and
middle frontal gyri and motor cortex, and decreases 
in perfusion in inferior temporal, supramarginal and
fusiform gyri in PTSD, compared with controls. In
seemingly common areas the changes differ either by
exact location (e.g., increases in the posterior rather
than anterior insula) or by valence (decreases rather
than increases in anterior cingulate).

of structural brain scans in trauma victims in the
immediate aftermath of the accident and at follow-up
comparing people who have developed PTSD with
people who have not, should help resolve the question.

A different picture emerges from the study of children
with PTSD where the whole brain volume is reduced
when compared with healthy controls, while the hip-
pocampus is not significantly different in volume (De
Bellis et al. 1999). In this group of 44 maltreated chil-
dren the reduction in whole brain volume was positively
correlated with age of onset of trauma and negatively
correlated with duration of abuse; these effects were
more pronounced in males than females and resulted
in a smaller corpus callosum and larger ventricular
volume after correction for total brain volume reduc-
tion. Findings of lack of hippocampal or temporal
atrophy have been confirmed by the same group in a
longitudinal study (De Bellis et al. 2001) discounting
the hypothesis that the original findings were due to the
short time separating trauma and MR examination.

Functional imaging
Activation studies have involved the subtraction of rel-
ative regional blood flow between a resting or control
condition and an activation condition congruent with
the trauma. In many of these sophisticated controls
were also included in order to ascertain whether the
changes in cerebral blood flow were specific to PTSD
patients or a general response to highly arousing stimuli
in people subjected to trauma.

The psychiatry imaging group at Massachusetts
General Hospital in Boston has performed the most
comprehensive set of studies using C15O2 PET. In all
these studies patients had been off medication for at
least 2 weeks. A total of 31 patients were studied, one
study being completely on childhood sexual abuse 
victims and one on war veterans. In all the studies the
exposure to the trauma-related stimuli (either autobio-
graphical memories or imagery/perception of trauma
scenes) produced an increase in emotional cognitions
and physiological signs of increased arousal; these
changes were far greater in magnitude in PTSD patients
than controls.

Two studies (Rauch et al. 1996; Shin et al. 1999)
employed autobiographical scripts to induce emotion.
In these studies the resting condition is listening to a
script of neutral personal memories while the activated
condition consists of listening to a script of memories
of the traumatic event. Both studies showed a similar
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The other two studies are from the same group. One
study set out to test the hypothesis of an increase in
medial prefrontal blood flow in PTSD victims (medial
prefrontal cortex is involved in extinction and had
been activated in previous studies by the same group)
when compared with healthy controls or veterans
when listening to combat sounds compared with white
noise (Zubieta et al. 1999), and indeed found such an
increase. The other study (Liberzon et al. 1999) found
an increase in anterior cingulate blood flow with expos-
ure to combat sounds irrespective of diagnosis, as well
as increases in left amygdala and a decrease in 
retrosplenial cortex particular to patients with PTSD.
This same group also described the changes in brain
metabolism in one patient observed during a flashback
which occurred by chance during an HMPAO SPECT
study (Liberzon et al. 1997). In this paradigm the
images obtained by scanning represent the sum of the
regional brain blood flow occurring in the first few
minutes after injection of the ligand when, having lis-
tened to a tape of combat sounds, the subject experi-
enced feeling “back in Vietnam” and extreme distress.
The scan demonstrated an alteration in perfusion ratio
between the thalamus and the cortex so that during 
the flashback the ratio of thalamic/cortical-basal gan-
glia metabolism was increased by 15%. This change 
in cortico-thalamic ratio could not be explained by
changes due to hyperventilation and the authors inter-
preted it as representing a dissociative change in state
of consciousness.

No consistent picture seems to emerge from the
imaging studies thus far conducted in PTSD. In particu-
lar the total dissonance of two studies which at face
value are very similar (Bremner et al. 1999b; Shin et al.
1999) could be a cause for concern. Because of the 
differences in the laboratories, of the detail of the
paradigms employed, and of the relatively small num-
bers it is perhaps not surprising that differences are
more striking than similarities. Hence it should not 
be seen as a failure or as something which is peculiar 
to human research, as recently demonstrated by the
differences in behavioral observations of genetically
identical mice put in ostensibly identical equipment in
different laboratories (Crabbe et al. 1999). However
the message is clear: large studies employing compar-
able techniques in different laboratories are needed in
order to generate robust analyses of a generalizable
nature. The current work has been successful in gener-
ating testable hypotheses:

• Decreased activity in left inferior frontal lobe when
exposed to emotionally arousing material may be a
marker of PTSD. This area is contiguous with areas
involved in speech generation and in working memory
that may be essential in the cognitive restructuring 
necessary to decrease the emotional impact of re-
experiencing features of trauma.
• The orbito-frontal cortex, anterior cingulate, anterior
temporal pole and anterior insula are also activated in
other anxiety disorders (Rauch et al. 1996; Malizia
1999) and may represent a nodal circuit driving the
somatic expression of anxious cognitions.
• Altered thalamo-cortical metabolic ratios may be
the process that allows memory-driven experiences to
dominate over actual input from the sensorium.

In vivo neurochemistry
Alterations of noradrenergic and serotonergic function
have been observed in patients with PTSD, possible
CCK-B involvement has been postulated from animal
experiments, while, contrary to PD, only one experiment
has postulated GABAA-benzodiazepine dysregulation
in this disorder (Coupland et al. 1997), yet human
imaging has demonstrated changes in iomazenil bind-
ing in PTSD patients. Other imaging studies of receptor
binding in PTSD are absent, partly because of the
absence of relevant ligands.

Radioligand binding
The Yale group (Bremner et al. 2000) investigated
Vietnam veterans with PTSD using iomazenil SPECT
and found that there was a significant decrease in 
the volume of distribution of benzodiazepine GABAA
receptors in the frontal cortex of these patients in an
area which corresponds to Brodmann area 9. The
authors argue that, despite the lack of human pharma-
cological data to indicate that GABA receptors are
dysfunctional in PTSD, this finding is consistent with
the preclinical observations which suggest that exposure
to chronic stress decreases benzodiazepine binding
maximally in the frontal cortex (Weizmann et al. 1989).
This finding may be of particular significance as this
area is involved in extinction of conditioned responses,
thus misfunction of local inhibitory circuits could be
either a consequence or a predispositon to developing
inappropriate responses to trauma.

Activation studies
Another investigation by the Yale group (Bremner 
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Structural imaging
Only one volumetric study using MRI has reported on
the comparison of anatomical brain structures between
healthy volunteers and patients. Potts et al. (1994)
using a 1.5 Tesla camera showed that there were no
differences in brain structure volumes; however, the
age-related decrease in putamen volume was more
marked in patients with the disorder than in healthy
controls. This reduction was not correlated to symp-
tom severity but is of interest given the changes in
dopaminergic function reported below.

Functional imaging
The first study that compared resting metabolism
between healthy volunteers and controls used HMPAO
SPECT with a single headed rotating gamma camera
and showed no difference between 11 patients and 11
controls (Stein & Leslie 1996). Since then a treatment
study by Van der Linden et al. (2000) using the same
technique, showed that an 8 week course of citalopram
reduced metabolism in the left temporal and frontal
cortices and in the left cingulum. This reduction was
not observed in nonresponders who had higher base-
line metabolism in these regions when compared with
responders. There was no healthy volunteer group in
this study.

Activation studies
Two groups have examined whole brain changes in
blood flow with anxiety provocation in patients with
social anxiety disorder using H2

15O PET. Tillfors 
et al. (2001) compared 18 patients with social phobia
with 6 healthy volunteers during the private or public
performance of a prepared 2.5 min speech about a
travel experience or a holiday. When the public perform-
ance was subtracted with the private performance,
patients with social phobia (who experienced significant
changes in anxiety ratings and psychophysiological
measures) showed significant relative increases in the
right amygdala and relative decreases in the right and
left insula, right and left retrosplenial cortex, right and
left perirhinal cortex, right temporal pole, right sec-
ondary visual cortex and right parietal cortex. Signi-
ficant activation in all these areas was demonstrated
on the basis of predictions made by analysis of previous
imaging studies in anxiety disorders.

Malizia (2001) investigated seven patients with social
phobia using an autobiographical scripts paradigm;
there was no comparison with healthy volunteers. In

et al. 1997a) examined the differences in regional meta-
bolic rate after the administration of yohimbine to
patients with PTSD and healthy volunteers. Yohimbine
is an α2 noradrenergic antagonist which increases
norepinephrine release by blocking the presynaptic
autoreceptors.

The study employed 18FDG PET as the measure of
metabolism. The metabolic effects of norepinephrine
are inhibitory on postsynaptic neurones; however, the
overall metabolic effects for a cortical volume depend
on the extent of noradrenergic activation. Low levels
of norepinephrine release are postulated to increase
regional metabolism through an increase in local syn-
aptic work that is responsible for a large proportion 
of the local metabolic requirements. At higher levels 
of noradrenergic activity, however, a net decrease in
local metabolism is observed. This occurs, presumably,
because the reduction in the number of active local
interneurones becomes predominant in comparison to
the increase synaptic transmission at noradrenergic
synapses. Although noradrenergic modulation affects
vascular responsivity, this can be corrected for in 18FDG
PET and is therefore not a confounding factor.

This study demonstrated that yohimbine generates 
a global small increase in gray matter metabolism in
healthy volunteers consistent with a small increase in
norepinephrine release, while patients with PTSD
respond with a moderate global decrease in gray mat-
ter metabolism. These effects were maximal in the
orbito-frontal cortex and significant in the prefrontal,
parietal and temporal cortices and were accompanied
by significant behavioral activation in PTSD patients.
The authors interpreted this observation as evidence 
of increased sensitivity to the noradrenergic releasing
properties of yohimbine in PTSD, in line with their
previous pharmacological observations in this patient
group.

Social anxiety disorder (social phobia)

Social anxiety disorder has only more recently been
studied with imaging. Two main findings have been
demonstrated: an abnormality in the dopaminergic
system and a, possibly inappropriate, involvement of
the amygdala in anxiety provocation, in conditioning,
and in the perception of nonthreatening visual cues. A
finding of increased relative cortical concentrations of
myoinositol and choline has been replicated but is of
uncertain significance.
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this, scans acquired during listening to different auto-
biographical scripts of recent social anxiety and posi-
tive affect generating events, were compared. During
the anxiogenic scripts, self-reported and psychophysi-
ological measures of anxiety were increased and blood
flow increases were noted in the right anterior insula,
right anterior prefrontal cortex, left thalamus, left
anterior cingulate and decreases in the left amygdala
with a trend for decrease in the right amygdala.

Direct comparison of the two studies is difficult
because of the different methods employed, the different
thresholds accepted for significance(z = 2.6 in Uppsala
and z = 3.1 in Bristol) and the lack of a comparison
with healthy volunteers in the second study. However,
alterations in essential limbic structures such as the
amygdalae and anterior insula were present in both
studies, albeit in a reciprocal fashion in terms of direc-
tion of change. The amygdala was also implicated in
two other studies which employed fMRI to test specific
hypotheses about brain processing in social phobia.
Birbaumer et al. (1998) elegantly demonstrated that
patients with social phobia activate the amygdala when
exposed to slides of neutral faces while controls do
not. The same group also demonstrated (Schneider 
et al. 1999) that these differences are exacerbated when
neutral faces are paired with a negative odor thus
becoming a conditioned negative stimulus. In this experi-
ment, controls decreased perfusion in the amygdala in
the presence of the conditioned stimulus while patients
with social phobia increased it; no significant statistical
differences were, however, observed in the habituation
or extinction phases.

All four of these experiments seem to indicate that
the amygdala is an essential part of the malfunctioning
networks in social anxiety disorder and confirm that
the exact direction of perfusion change is changeable
according to the paradigm used.

In vivo neurochemistry
Dopaminergic underactivity and social anxiety have
been postulated to be related from animal models,
human diseases, such as Parkinson’s disease, and the
effects of dopamine modulating agents (reviewed in
Bell et al. 1999). Two studies have provided evidence
for dopaminergic dysfunction in social phobia by meas-
uring the density of dopamine tansporters and D2
(mainly postsynaptic) receptors in the basal ganglia of
patients with this condition and controls, using SPECT.
The first study, using 123I β CIT, demonstrated that 11

Finnish social phobia patients had decreased binding
potential for the dopamine transporter in the striatum
(Tiihonen et al. 1997a). This was followed by a study
by Schneier et al. (2000) who demonstrated that 10
New York patients with social phobia had lower D2
binding potential than controls. These data suggest
three possibilities:
• Down regulation of both sites as a trait associated
with possible dopaminergic hypofunction.
• Increased dopaminergic tonic release, which would
decrease the proportion of sites available for radio-
ligand binding.
• Mild atrophy of the basal ganglia.

Spectroscopy
Two studies (Davidson et al. 1993; Tupler et al. 1997)
have examined creatinine, NAA, choline and myoinos-
itol spectra in patients with social anxiety disorder. The
measures have all been relative and the second study
allowed separation of cortical and subcortical gray and
white matter. The authors find a number of significant
differences in spectra between patients and controls
which they interpret as cortical increases in myoinositol
and choline concentrations in patients that were not
altered by 8-week treatment with benzodiazepines. The
biological significance of this altered signal is, how-
ever, uncertain. Thus these findings do not, as yet, con-
tribute to a biological understanding of this disorder.

Generalized anxiety disorder

Generalized anxiety disorder (GAD) has been little
studied with imaging. This is in keeping with the fact
that there is a dearth of biological investigations in this
disorder, possibly because its pure form does not come
to the attention of secondary services and therefore
recruiting into laboratory based studies is additionally
difficult. No conclusion can be drawn from any of the
published studies in anxiety disorders, except that 
benzodiazepines reduce global and regional brain
metabolism in a manner similar to healthy volunteers.
The nonspecific effects of benzodiazepines are larger
than any specific ones related to decreased anxiety.

Three studies have investigated the effect of benzo-
diazepines in GAD (Buchsbaum et al. 1987; Mathew
& Wilson 1991; Wu et al. 1991). In all three studies the
administration of diazepam resulted in decreases in
global and regional metabolism which was gretaest in
the areas with the greatest density of benzodiazepine
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et al. 1993, 1996, 1997; Fischer et al. 1996; Tillfors 
et al. 2001) have investigated two separate groups 
of patients with simple phobia, a group with social
anxiety disorder and a group of bank clerks re-
experiencing a robbery, as well as the neural networks
of conditioning by pairing a snake video with the 
delivery of electric shocks to the hand. This group pub-
lished a comparison between the phobic provocation
and the re-experience of the bank robbery, but without
formal statistical comparison. Malizia and colleagues
(Malizia 2001) examined patients with social phobia
and healthy volunteers taking part in a conditioned
anticipatory anxiety paradigm and conducted a formal
comparison of these groups (Malizia 1997: Fig. 12.2).

Altogether, these data have to be interpreted in the
light of comparative findings in studies of anxiety
provocation in healthy volunteers (Benkelfat et al.
1995; Parekh et al. 1995; Malizia et al. 1996; Servan-
Schreiber et al. 1998; Chua et al. 1999; Javanmard 
et al. 1999; Cameron et al. 2000; Simpson et al. 2001).
In general two sets of areas seem to be activated in 
anxiety and anxiety disorders whether at rest or after 
a challenge. The first set comprises the supragenual
anterior cingulate, the orbito-frontal cortex, the insulae,
the cerebellum, a pontine locus variously described as
superior colliculi or periaqueductal gray (PAG) matter,
and often, but not always, medial temporal structures
(amygdala, parahippocampal gyrus), especially on the
left. All of these (except the cerebellum) are areas that
are directly involved with the evaluation of noxious
stimuli and which produce autonomic responses when
stimulated. In essence they may represent the essential
circuits of the anxiety responses. The surprising element
here is the activation of the cerebellum which speaks to
its hitherto unsuspected involvement in processes
which do not have a primary motor component. This
finding is not specific to anxiety as it has been observed
in cognitive manipulations where movement compon-
ents have been controlled for (e.g., Kim et al. 1994).

The second set of activations represents areas of 
sensory or polymodal association cortices which may
represent the processing of relevant anxiogenic stimuli
or their imagery.

Other activations seem to be congruent with par-
ticular aspects of the anxiety disorder; basal ganglia 
activation fits well with the theory of cortico-striatal
involvement in the obsessive-compulsive aspects of
this disorder (Saxena & Rauch 2000), and amygdala 
is consistently involved in studies of social anxiety 

binding sites. Changes in anxiety score on benzodi-
azepines did not correlate with any of the regional
changes, while changes in anxiety score during placebo
administration correlated with reductions in limbic
and basal ganglia metabolism. Wu et al. (1991) also
observed that GAD patients did not exhibit the usual
left-to-right asymmetry in hippocampal metabolism.

Two further studies contribute to the meagre informa-
tion available for this disorder: Tiihonen et al. (1997b)
demonstrated a significant decrease in left temporal
pole benzodiazepine binding using 123I NNC 13-8241
SPECT. This was accompanied by a decrease in vari-
ability in binding (as assessed by fractal analysis),
which the authors interpreted as being pathological.
More recently larger bilateral amygdala volumes have
been described with MRI in children with GAD when
compared with controls (De Bellis et al. 2000).

Specific phobias
Initial studies showed no change in perfusion with
exposure to feared objects (Mountz et al. 1989); how-
ever, this was probably due to technical limitations 
as Rauch et al. (1995) demonstrated increases in perfu-
sion of the anterior cingulate, insula, anterior temporal
and somatosensory cortex, posterior medial orbito-
frontal cortex and thalamus when subtracting control
condition from exposure to feared objects; these findings
are consistent with the idea that all anxiety disorders
would share some common activations related to the
experience of this emotion. O’Carroll et al. (1993),
however, using SPECT reported decreased HMPAO
uptake in the occipital cortex while patients with speci-
fic phobias listened to a 4-min recording recounting
exposure to phobic stimulus when this was compared
with a relaxation tape. The findings may be related to
the visual salience of the imagined stimuli but no activa-
tions in common anxiety related brain areas were
reported, possibly because of the low statistical power
of the technique. No other studies have been conducted
since these three were reported.

Commonalities among anxiety disorders
There are three groups who have done similar anxiety
provocation studies in more than one group of volun-
teers. Rauch and colleagues (Rauch et al. 1994, 1995,
1996) in Boston studied patients with OCD, with simple
phobia and with PTSD, and have subsequently reported
a formal comparison (Rauch et al. 1997b). Fredrikson
and colleagues (Fredrikson et al. 1993, 1995; Wik 
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disorder and decreased activations in the inferior
frontal lobes in PTSD.

Overall this set of data has to be considered as pilot
data to be used to guide hypothesis generation. This is
because a direct comparison (and therefore an assess-
ment of the robustness of the findings) is not possible
as paradigms, technology, analysis and reporting were
very different between the different centers.

Brain imaging and anxiety disorders:
conclusions

The impact of the last 10 years of imaging on the under-
standing of anxiety disorders is difficult to assess. This
is not because there has been a shortage of findings but
because, as the studies have informed contemporary
thinking, it is difficult to retrace a time when this data
was not available.

In general the main findings are:
• Anxiety experience, whether “healthy” or patho-
logical, whether behaviorally or pharmacologically
induced, provokes regional brain metabolic changes
that can be mapped. Some of these regions are consist-
ently activated across anxiety disorders and conditions.
Within these regions, some, such as anterior cingulate,
orbito-frontal cortex, medial temporal structures and

anterior insula, could be predicted a priori. Some, such
as the cerebellum, could not.
• Resting brain metabolism in the scanner is altered in
anxiety disorders patients when compared with healthy
volunteers. Areas of hyper- or hypometabolism often
correspond to areas activated by the experience of
pathological emotions as exemplified by OCD and
possibly PD.

The above findings support a notion of a network 
in which some global processes are tapped by diverse
tasks and local regions, which are consistently by par-
ticular disease or emotional domains. For instance,
while activations of the anterior cingulate cortex may
be considered to be common to many activation studies
in all types of cognitive domains other than emotions,
orbito-frontal cortex involvement is likely to be com-
mon with other affective domains (including affective
decision making) but not with many other cognitive
domains. Further, increased correlations between
orbito-frontal, thalamic and caudate metabolism is
likely to be specific to OCD. These observations sup-
port the theory of a modular model of brain function
where individual components are responsible for par-
ticular tasks but also affect and change the function 
of other components of the network. These ideas are
discussed in detail in Malizia (1999) and Cabeza and
Nyberg (2000).
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that regulate the function of brain neurotransmitter
systems (e.g. receptors, ion channels, transporters, 
and enzymes) are associated with complex behavioral
traits, research is also giving strong emphasis to the
molecular psychobiological basis of anxiety-related
behaviors in rodents and, increasingly, nonhuman 
primates. Conditioning of fear and anxiety involves
pathways transmitting information to and from the
amygdala to various neural networks that control the
expression of aggressive or defensive reactions, includ-
ing behavioral, autonomic nervous system, and stress
hormone responses. While pathways from the thala-
mus and cortex (sensory and prefrontal) project to 
the amygdala, inputs are processed within intra-
amygdaloid circuitries and out-puts are directed to the
hippocampus, brainstem, hypothalamus, and other
regions. Thus, the amygdala-associated neural net-
work is critical to integration of the “fight or flight”
response. Identification of molecular components of
neural circuits involved in fear and anxiety are cur-
rently leading to new candidate genes of presumed
pathophysiologic pathways in addition to candidates
that are generally derived from hypothesized patho-
genetic mechanisms of the disorder, or from clinical
observations of therapeutic response.

This review describes fundamental aspects of the
genetics of anxiety-related traits and anxiety disorders
and provides an appraisal of quantitative genetic
research, both humans (twin and adoption studies)
and rodents (inbred strain, selection, and knockout
studies). Conceptual and methodological issues in the
search for candidate genes for anxiety and for the
development of mouse models of human fearfulness
and anxiety will also be considered.
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Introduction

Genetic research in psychobiology and psychiatry has
traditionally taken an epidemiologic approach since
etiopathogenetic mechanisms continue to be inade-
quately understood at the molecular level. A large body
of evidence from family, twin, and adoptee studies has
been accumulated that a complex genetic component
is involved in anxiety-related traits, and in the liability
to anxiety spectrum disorders. While genetic research
has typically focused either on normal personality
characteristics or on psychiatric disorders, with few
investigations evaluating the genetic and environmental
relationship between the two, it is of critical importance
to answer the questions whether a certain quantitative
trait etiopathogenetically influences the disorder, or
whether the trait is a syndromal dimension of the 
disorder. After all, it is no longer about whether nature
or nuture shapes human development but about how
complex genetic and environmental factors interact in
the formation and expression of a behavioral pheno-
type. Behaviorial genetics is indeed progressing rapidly
in great strides towards an evidence-based demon-
stration of the relevance of both genetic and environ-
mental factors for anxiety-related traits as well as
anxiety disorders.

A complementary approach to genetic studies of
anxiety and related disorders in humans involves the
investigation of genes (i.e. construction of transcrip-
tome maps) and their protein products (i.e. application
of proteomics) implicated in the brain neurocircuitry
of fear and anxiety in animal models. Based on an
increasing body of evidence that genetically driven
variability of expression and function of proteins 
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to delineate a biologically based model of dispositions
to both normal and pathological functioning, with 
a continuum of genetic risk underlying personality 
and behavioral dimensions that extend from normal 
to abnormal. Thus, the analysis of genetic contribu-
tions to anxiety-related or aggressive behavior is both
conceptually and methodologically difficult, so that
consistent findings remain sparse. The documented
heterogeneity of both genetic and environmental deter-
minants suggests the futility of searching for unitary
causes. This vista has therefore increasingly encouraged
the pursuit of dimensional and quantitative approaches
to behaviorial genetics, in addition to the traditional
strategy of studying individuals with categorically
defined psychiatric entities (Plomin et al. 1994). While
quantitative genetics has focused on complex, quantit-
atively distributed traits and their origins in naturally
occurring variation caused by multiple genetic and
environmental factors, molecular genetics has begun
to identify specific genes for quantitative traits, called
quantitative trait loci (QTLs) (Eley & Plomin 1997).
This perspective suggests that it may be less difficult 
to identify genes for psychopathology by searching 
for genes influencing personality, and that complex
traits are not attributable to single genes necessary or
sufficient to cause a disorder. The QTL concept thus
implies that there may not be genes for psychiatric 
disorders, just genes for behavioral dimensions.

Because the power of linkage analysis to detect small
gene effects is quite limited, at least with realistic sam-
ples, QTL research in humans has relied on association
analysis using DNA variants in or near candidate genes
that are functional. Gene variants with a significant
impact on the functionality of components of brain
monoamine neurotransmission, such as the serotonin
(5-hydroxtryptamine; 5-HT) system, are a rational
beginning. Based on converging lines of evidence that
the 5-HT and serotonergic gene expression are involved
in a myriad of processes during brain development as
well as synaptic plasticity in adulthood, temperamen-
tal predispositions and complex behavior is likely to 
be influenced by genetically driven variability of 5-HT
function. Consequently, the contribution of a polymor-
phism in the 5′-flanking regulatory region of the 5-HT
tranporter gene (5-HTTLPR) to individual phenotypic
differences in personality traits was explored in inde-
pendent population- and family-based genetic studies
(for review see Lesch et al. 2001). Evidence is accumu-
lating that 5-HT transporter gene variability results in

Anxiety-related traits

The behavioral predisposition of an individual is com-
monly referred to as his or her temperament or per-
sonality. Systematic research attempts to characterize
the dimensional structure of personality traits includ-
ing the anxiety-related cluster comprising fearfulness, 
emotional instability, and stress reactivity. Individual
differences in anxiety-related traits, and the ulti-
mate behavioral consequences of the “fight or flight”
response, are relatively enduring, continuously distri-
buted, as well as substantially heritable, although they
seem to result from additive or nonadditive interaction
of genetic variations with environmental influences
(Loehlin 1992). This is convincingly illustrated by 
the striking similarity of identical twins adopted out
and reared apart (Minnesota Twin Study), some of
whom had not known each other prior to the study
(Bouchard 1994). Twin studies take advantage of the
experiment of nature in which some twins are genetic-
ally identical (monozygotic twins) and others share, 
on average, only half their genes (dizygotic twins). 
On measures of interests, skills, and personality traits,
monozygotic twins had correlations between 34% and
78%, whereas fraternal twins showed correlations
between 7% and 39% (Tellegen et al. 1988). Twin
studies of self-reported symptoms of anxiety, often
called negative emotionality or neuroticism, consistently
indicate that approximately 40–60% of the variance
can be attributed to genetic factors. While studies of
the patterns of inheritance of personality indicate that
various dimensions are likely to be influenced by many
genes making it polygenic or quantitative traits, they
likewise document the significance of environmental
factors. However, contrary to expectation, the relevant
environmental cues appear to be those that are not
shared by relatives reared together (McGue & Bouchard
1998). The relative influence of genetic and environ-
mental factors on temperamental and behavioral dif-
ferences is, however, among the most contentious
controversies. While current views emphasize the joint
influence of genes and environmental sources, the com-
plexities of gene–gene and gene–environment interac-
tions (genotypes may respond differentially to different
environments) as well as gene–environment correlations
(genotypes may be exposed differentially to environ-
ments) represent research areas in their infancy.

“Fight or flight” responses which are the consequence
of predominance of either aggression or anxiety seem
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allelic variation of 5-HT transporter expression and
function, is associated with personality traits of neg-
ative emotionality including anxiety, depression, and
aggressiveness (neuroticism and agreeableness). In
addition, a within-family analysis of sibling pairs dis-
cordant for the 5-HTTLPR genotype confirmed this
association, in that the sibling with the short-form
allele had higher neuroticism scores than their siblings
homozygous for the long variant. The 5-HTTLPR was
not associated with other major dimensions of person-
ality (extraversion, openness, and conscientiousness).

The effect sizes for the 5-HTTLPR personality asso-
ciations indicate that this polymorphism has a moder-
ate influence on these behavioral predispositions that
corresponds to 3–4% of the total variance and 7–9%
of the genetic variance, based on estimates from twin
studies using these and related measures which have
consistently demonstrated that genetic factors contri-
bute 40–60% of the variance in neuroticism and other
related personality traits. The associations represent only
a small portion of the genetic contribution to anxiety-
related traits. If additional genes were hypothesized to
contribute similar gene–dose effects to anxiety, at least
10 genes are predicted to be involved. Additive contri-
bution of comparable size or epistatic interaction have,
in fact, been found in studies of other quantitative traits.
Thus, the results are consistent with the view that the
influence of a single, common polymorphism on con-
tinuously distributed traits is likely to be very modest
in humans, and that this is likely to hold true also 
for miscellaneous quantitative characteristics in other

species (Plomin et al. 1994). From the evolutionary
psychological perspective, anxiety is a pervasive and
innately driven form of distress that arises in response
to actual or threatened exclusion from social groups
(Baumeister & Tice 1990; Buss 1991). Notably,
Nakamura et al. (1997) have discussed the higher pre-
valence of the anxiety and depression-related l/s and s/s
genotypes in the context of notable emotional restraint
and interpersonal sensitivity in Japanese people as a
possible population-typical adaptation to prevent social
exclusion (Ono et al. 1996).

A growing body of evidence implicates personality
traits, such as neuroticism or negative emotionality, 
in the comorbidity of affective spectrum disorders
(Kendler et al. 1993a; Livesley et al. 1998) (Fig. 13.1).
Separation of mental illness from personality disorders
in current consensual diagnostic systems, has remark-
ably enhanced interest in the link between tempera-
ment, personality, and psychiatric disorders as well as
the impact of this inter-relationship on the heterogeneity
within diagnostic entities, prediction of long-term
course, and treatment response (Mulder et al. 1994).
Based on multivariate genetic analyses of comorbidity,
generalized anxiety disorder and major depression
have common genetic origins and the phenotypic dif-
ferences between anxiety and depression are depend-
ent upon the environment (Kendler et al. 1992b;
Kendler 1996). Moreover, indexed by the personality
scale of neuroticism, general vulnerability overlaps
genetically to a substantial extent with both anxiety
and depression (Kendler et al. 1993a,b). These results
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physical conditions (e.g. irritable bowel syndrome,
chronic pain syndromes).

Based on inadequate diagnostic reliability and high
comorbidity the discriminant validity of GAD is con-
troversial. Studies have begun to address the structural
relationship of the dimensions comprising various
anxiety disorders and there is an increasing body of
evidence that GAD-associated negative affect and
worry are dispositional traits common to both anxiety
and mood disorders including depression (Fig. 13.1).
GAD may therefore be conceptionalized as a trait or
vulnerability dimension predisposing to other disor-
ders, and etiological models of GAD integrate both
psychosocial and biological factors.

Twin and family based studies indicate a clear genetic
influence in GAD with a heritability of approximately
30%. GAD-associated genetic factors are completely
shared with depression, while environmental determin-
ants seem to be distinct (Kendler et al. 1992b; Kendler
1996). This notion is consistent with recent models of
emotional disorders that view anxiety and mood dis-
orders as sharing common vulnerabilities but differing
on dimensions including, for instance, focus of attention
or psychosocial liability.

Panic disorder

Panic disorder (PD) typically has its onset between late
adolescence and the mid-30s. PD is strikingly different
from other types of anxiety in that panic attacks are
sudden, appear to be unprovoked, and are often dis-
abling. They may include intense fear, fear of dying, a
sense that something unimaginably horrible is about
to occur and one is powerless to prevent it, or discom-
fort accompanied by several physiological symptoms,
including palpitations, chest pain, choking sensations,
sweating, trembling or shaking, dizziness, lightheaded-
ness or nausea, flushes or chills, tingling or numbness
in the hands, fear of losing control and doing some-
thing embarrassing, dreamlike sensations or perceptual
distortions. A panic attack typically lasts from several
minutes to hours, and may be one of the most distress-
ing experiences that someone has suffered. Panic attacks
are followed by persistent concerns about having addi-
tional attacks, worry about the implications of the
attack or its consequences, and significant changes in
behavior related to the attacks.

With one or more repeated panic attacks, for instance
while driving, shopping in a crowded store, or riding in

predicted that when a QTL, such as the 5-HTTLPR, 
is found for neuroticism, the same QTL should be
associated with symptoms of anxiety and depression.
Anxiety and mood disorders are therefore likely to
represent the extreme end of variation in negative
emotionality (Eley & Plomin 1997; Eley & Stevenson
1999). The genetic factor contributing to the extreme
ends of dimensions of variation commonly recognized
as a disorder may be quantitatively, not qualitatively,
different from the rest of the distribution. This vista
has important implications for identifying genes for
complex traits related to a distinct disorders. An asso-
ciation of the 5-HTTLPR and affective illness includ-
ing unipolar depression and bipolar disorder has been
reported by Collier et al. (1996), although subsequent
studies did not consistently replicate these results. Pos-
sible reasons for these conflicting results have recently
been discussed in detail by Greenberg et al. (2000).

Anxiety spectrum disorders

Generalized anxiety disorder

Generalized anxiety disorder (GAD) is defined by
excessive and uncontrollable worry about a number 
of life events or activities for least 6 months, accom-
panied by at least three of six associated symptoms 
of negative affect or tension, such as restlessness, fatig-
ability, concentration difficulties, irritability, muscle
tension, or sleep disturbance (Brown 1997). Studies of
the lifetime prevalence for GAD in the general popu-
lation have provided estimates ranging from 1.6% to
5.1% and indicated a female : male preponderance 
of 2 : 1 (Torgersen 1983; Weissman 1990; Kendler 
et al. 1992a; Lyons et al. 2000). Relative to other 
anxiety and mood disorders, GAD is more likely to
show a gradual onset and/or life-long history of symp-
toms. While early ages of onset are common, the 
syndrome itself may emerge only later in life and a 
considerable number of patients with GAD report 
an onset in adulthood that is usually in response to
psychosocial and emotional stress. Research has 
consistently shown that GAD is associated with high
comorbidity rates for other psychiatric disorders,
including panic disorder, major depression, dysthymia,
social phobia, and specific phobia (Kendler et al.
1992a; Weissman 1993; Skre et al. 1994; Kendler et al.
1995b; Roy et al. 1995). Moreover, patients with GAD
frequently undergo treatment for stress-associated
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an elevator, patients may develop an irrational fear, or
phobia, about these situations and begin to avoid
them. Ultimately, the pattern of avoidance and level of
anxiety about another attack may reach a point where
a PD patient may be incapable of driving or even leaving
home. At this stage, PD is complicated by agoraphobia.
PD, agoraphobia, and depression display significant
comorbidity (Wittchen et al. 1991). The first attacks
are frequently triggered by physical illnesses, psycho-
social stress, or certain drug treatments, or drugs of
abuse that increase activity of neural systems involved
in fear and anxiety responses. Attacks can be pharma-
cologically precipitated by carbon dioxide, caffeine,
lactate, cholecystokinin tetrapeptide (Bradwejn &
Koszycki 1991), and serotonergic compounds (Kahn
& Wetzler 1991). Sensitivity to carbon dioxide and
lactate may indicate a distinct genetic liability (Balon
et al. 1989; Reschke et al. 1995; Perna et al. 1996).

Independently conducted epidemiologic studies in
several countries revealed lifetime prevalences from
0.4% to 3.5%, with female : male ratios ranging 
from 0.2 to 2.5 (Eaton et al. 1994; Kessler et al. 1994;
Weissman et al. 1997). Relative risks for the co-
occurrence of PD with agoraphobia and major depres-
sion range from 7.5 to 21.4 and from 3.8 to 20.1,
respectively (Weissman et al. 1997). Twin studies
yielded a population prevalence of 6.0–14.1% (Kendler
et al. 1993c; Perna et al. 1997). The ratios of risk in
first-degree relatives of patients with PD versus relat-
ives of normal controls ranged from 3.4 to 14.7.
Interestingly, a subdivision of PD patients according to
age at onset before or after 20 years of age led to
remarkable differences in risk of 22% and 8%, 
respectively (Goldstein et al. 1997). Lifetime risk in
second-degree relatives of patients with PD extends to
12.5% (Moran & Andrews 1985; Hopper et al. 1987;
Battaglia et al. 1995). Familial patterns of aggregation
also suggest that PD, GAD, depression, and agorapho-
bia may co-occur but it is still a matter of considerable
debate whether they have related or different genetic
etiologies (Weissman 1993; Woodman 1993; Maier 
et al. 1995).

Twin study designs compare the similarity of
monozygotic twins (MZ) with that of dizygotic twins
(DZ). A higher correlation for MZ than for DZ indic-
ates a genetic influence on the trait under investiga-
tion. Two twin studies reported MZ : DZ pair-wise
concordance rates of 22 : 0 and 24 : 11, with respective
heritability estimates of 35% and 46% for a narrow

phenotype and a multiple threshold model (Torgersen
1990; Kendler et al. 1993c). However, models for the
mode of inheritance of PD remain highly speculative.
Logistic regression analysis of PD family data yielded
evidence of vertical transmission and the effect of sib-
ship environment, whereas segregation analysis of
family data resulted in moderate evidence of an incom-
pletely penetrant dominant or recessive major gene
(Bonney 1986; Hopper et al. 1990). Twin data indicate
nonadditive genetic (dominant or epistatic) and unique
environmental effects, but little impact of shared envir-
onment (Martin et al. 1988). Model fitting in a large
twin sample found evidence that the familial transmis-
sion of panic-phobia was influenced by sex-dependent
additive genetic effects, dominant genetic factors, 
individual-specific environmental factors, and a shared
environmental effect for women only (16% vs. 1%),
while higher heritability in males (38%) compared to
females (16%) was predicted (Kendler et al. 1995c).

Two complete genome-wide linkage scans for PD
liability genes have recently been published (Knowles
et al. 1998; Crowe et al. 2001). Linkage analyses are
based on the identification of large, densely affected
families so that the inheritance patterns of known 
sections of DNA, such as polymorphic repetitive 
elements, can be compared to the family’s transmission
of the disorder. Linkage of a particular allele to the
presence or absence of a phenotype which breeds true
allows us to define and to narrow down the location 
of the suspect gene. Although none of the findings
based on lod scores or the proportion of allele sharing
reached a level of statistical confidence according to
the stringent Lander–Kruglyak criteria, a region sug-
gestive of a susceptibility locus for PD on chromosome
7p15 was independently identified in both studies.
Crowe and associates (Crowe et al. 2001) detected the
highest lod score of 2.23 at the D7S2846 locus, located
at 57.8 cm on chromosome 7, in a region that lies
within 15 cm from the D7S435 locus reported by
Knowles et al. (1998). Linkage to numerous other
markers over a substantial proportion of the human
genome had previously been excluded under various
parametric models in different sets of pedigrees (Crowe
1990; Crowe et al. 1990; Mutchler et al. 1990; Wang
et al. 1992; Kato et al. 1996). Some of the conflict-
ing results of linkage analyses in PD may be ascribed 
to methodological differences in family ascertain-
ment, phenotype definition, diagnostic assessment, and
approaches to data analysis. Even more likely, they
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1997). Variation in the number of repeats (3–5) of this
MAOA gene-linked polymorphic region (MAOALPR)
displayed allele-dependent transcriptional efficiency.
The effectiveness of the 3-repeat allele was two-fold
lower than those with longer repeats. Assessment of
the MAOALPR for association with PD in two inde-
pendent samples (combined N = 209) showed that the
longer alleles were significantly more frequent in
female patients than in females of the corresponding
control populations (Deckert et al. 1997). Together
with the observation that inhibition of MAOA is clin-
ically effective in the treatment of PD, particularly in
women, these findings suggest that altered MAOA
activity may be a gender-specific risk factor for PD.

Notably, no consistently significant associations
between PD and alleles of the γ-aminobutyric acid type
A (GABA-A), dopamine D2 and D4, cholecystokinin B
as well as the adenosine A1 and A2a receptor genes
have been detected (Crawford et al. 1995; Kato et al.
1996; Crowe et al. 1997; Deckert et al. 1998; Wang 
et al. 1998; Kennedy et al. 1999). Population-based
studies also found no evidence for an association
between PD and the gene for the dopamine transporter
(Hamilton et al. 2000).

Phobias

Phobias occur in several forms and specific phobias are
linked to a particular object or situation. Social phobia
as an example is an intense fear of becoming humili-
ated in a social setting, or being painfully embarrassed
in front of other people. Lifetime prevalence of social
phobia was 9.5% in females and 4.9% in males, with
about one-third being classified as individuals with
generalized social phobia (Wittchen et al. 2000). Little
is known about the psychobiology and heritability of
specific phobias, although twin studies of common
phobias and fears in unselected samples point toward
a genetic influence (Stein 1998).

Assessment of lifetime history of five unreasonable
fears and phobias, including agoraphobia and social,
situational, animal, and blood-injury phobia, in female
twins resulted in heritability between 46% and 67%
(Kendler et al. 1999). Correcting for unreliability of
ascertainment, the liability to fears and their associated
phobias is moderately heritable. Individual-specific
environmental experiences play an important role in
the development of phobias, while familial and other

may represent true etiologic differences due to locus
heterogeneity. Susceptibility to PD may thus be influ-
enced either by an incompletely penetrant major gene
in some families, or by multiple genes of weak and
varying effect in others.

Since evidence for a genetic liability in PD is persuas-
ive, a small number of putative vulnerability genes
have been assessed in association studies. Candidate
genes were selected in consideration of components 
of neurotransmitter systems involved in anxiogenic
responses or therapeutic action of anxiolytic drugs.
Studies of genetic association compare the frequency
of a particular polymorphism in patients with controls,
or compare scores on a continuous measure for two
groups with a genetic marker of interest. While linkage
analysis is systematic but not powerful, association
studies are powerful but not systematic. Since quantit-
ative traits are influenced by multiple genes of varying
effect size and by environmental factors, QTLs for
complex traits are likely to be of very modest, if not
minimal, effect size and thus account for only a small
proportion of the variance in the population.

A role of monoamine neurotransmitters in the 
etiology of PD has been suggested by the observations
that increased serotonergic neurotransmission provokes
anxiety even up to the level of panic attacks in PD
patients (Kahn & Wetzler 1991) and that decreased 
5-HT uptake is found in patients with anxiety disorders
(Iny et al. 1994). This corresponds well to the observa-
tion that in rodent models increased serotonergic 
function is anxiogenic while a decrease is anxiolytic.
Although it may be hypothesized that enhanced sero-
tonergic neurotransmission in PD is due to decreased
5-HT uptake, no association with 5-HTTLPR-depen-
dent variation in 5-HT transporter expression and PD
was detected in different populations (Deckert et al.
1997; Ishiguro et al. 1997; Matsushita et al. 1997;
Hamilton et al. 1999). These negative findings are com-
patible with the assumption that additional or alternat-
ive cellular pathways and neural circuits are involved
in panic anxiety (Charney & Deutch 1996). Mono-
amine oxidase A (MAOA), an enzyme involved in the
degradation of 5-HT and norepinephrine (noradren-
aline) and thus positioned at the crossroads of two
monoaminergic systems, is another plausible candidate
gene. A 30-bp repeat polymorphism was recently identi-
fied in the promoter region of the MAOA gene that dif-
ferentially modulates gene transcription (Deckert et al.
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environmental factors appear to be of little etiological
significance.

Only few population-based association and linkage-
disequilibrium studies have been conducted in phobias.
Linkage-disequilibrium studies in a population capit-
alize on the likelihood that the susceptibility genes for
a particular disorder probably came from one or a few
founding members. Stein et al. (1998) excluded link-
age between generalized social phobia and the 5-HT
transporter and 5-HT2A receptor, although modifier
effects could not be ruled out.

Obsessive-compulsive disorder

Obsessive-compulsive disorder (OCD) is a relatively
common condition, usually begins in adolescence or
early adulthood, and is characterized by persistent ideas,
unwanted thoughts, and repetitive or ritualistic behaviors
performed to neutralize or prevent discomfort, or some
dreaded event. These thoughts and behaviors cause
marked distress and are time-consuming or significantly
interfere with a patient’s normal functioning. OCD
and related disorders may be heterogenous conditions,
and the neurobiology of many putative OCD spectrum
disorders has not been well studied (Stein 2000). Comor-
bidity with depression, anorexia nervosa, and Tourette’s
syndrome is considerable. The prevalence of OCD may
range from 0.7% to 2.1%, with no difference between
men and women (Bebbington 1998). Based on the results
of family and twin studies, the involvement of a genetic
factor in OCD is likely (Rasmussen 1993; Alsobrook
et al. 1999). In a large set of studies using operational-
ized criteria the risk to first-degree relatives ranged
from 3% to 35% for narrowly defined OCD (Lenane
et al. 1990; Riddle et al. 1990; Bellodi et al. 1992; Black
et al. 1992; Leonard et al. 1992; Pauls et al. 1995;
Sciuto et al. 1995). Pooling age-corrected data across
studies resulted in a lifetime risk of 9.2% for relatives
of OCD patients and a lifetime risk of 2.2% in controls.
The use of broader criteria including subthreshold OCD
as affected revealed a lifetime risk of 28.1% in relatives
of OCD patients and 15.0% in controls (Lenane et al.
1990; Black et al. 1992). The twin data are conflicting
with respect to MZ and DZ pairwise concordance
rates of 7–33% and a heritability of 68% (Torgersen
1983; Andrews et al. 1990). Analysis of obsessive-
ness/compulsiveness as a quantitative trait resulted in a
heritability estimate of 47% (Clifford et al. 1984).

Although the pattern of inheritance in OCD does
not appear to be straightforward, molecular studies
may provide valuable clues as to the contribution of
genetic factors in the disorder (Cavallini et al. 2000).
Prompted by the accumulating body of research point-
ing to the importance of the 5-HT transporter in this
disorder, mutation screening of the gene coding region
in two samples of patients with OCD detected no vari-
ants associated with the disorder (Altemus et al. 1996;
Di Bella et al. 1996). Analysis of allele frequencies of
the 5-HT transporter gene promoter polymorphism
(5-HTTLPR) in 72 patients with OCD and 72 matched
controls failed to detect a significant difference between
the two groups; however, patients tended to be homo-
zygous more often than controls (Billett et al. 1997).
This trend became significant in a smaller sample, which
consisted of the subset of controls who had Structured
Clinical Interview for DSM-IV (SCID) diagnostic inter-
views. In this analysis, patients were more likely to 
be homozygous than controls. If this trend is indeed
representative of an actual genetic difference in OCD
patients, it may point to genetic heterogeneity of OCD.
The possibility that OCD patients are homozygous
more often than controls is noteworthy, given the
finding that the long 5-HTTLPR allele leads to higher
5-HT transporter expression compared to the short
allele. Since homozygotes have only one version of the
allele they would maintain either high or low levels of
transporter expression. The presence of both alleles
may provide 5-HT system-dependent neuronal com-
munication with more adaptability and therefore
moderate levels of expression that result from having
both allelic variants may be protective against OCD.
In line with this thinking, two more recent studies, one
using a family-based design, revealed an increased pre-
valence of homozygosity for the long variant in OCD
patients (McDougle et al. 1998; Bengel et al. 1999).

Other population-based studies including the genes
for 5-HT2A receptor, dopamine D2, D3, D4 receptor,
dopamine transporter, catechol-O-methyltransferase
(COMT), and MAOA have had variable, but generally
negative results (Billett et al. 1998; Ohara et al. 1998;
Rowe et al. 1998; Karayiorgou et al. 1999). Inter-
pretation of these studies is complicated by their use 
of relatively small samples, which greatly increases 
the risk of type II error, of heterogeneous subject 
populations, and the lack of within-family designs 
to control for population stratification artifacts.
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Recent advances in gene targeting (constitutive or
conditional knockout and knockin techniques) is
increasingly impacting upon our understanding of the
neurobiologic basis of anxiety-related behavior in mice
(Lesch & Mössner 1999; Rudolph & Mohler 1999).
However, the majority of neural substrates and cir-
cuitries that regulate emotional processes or cause
anxiety disorders remain remarkably elusive. Among
the reasons for the lack of progress are several concep-
tional deficiencies regarding the psychobiology of fear
and anxiety, which make it difficult to develop and 
validate reliable models. The clinical presentation of
anxiety disorders and the lack of consensus on clinical
categories further complicates the development of
mouse models for specific anxiety disorders. The di-
lemma that no single paradigm mimics the diagnostic
entities or treatment response of anxiety disorders may
reflect the inadequacy of classification rather than fail-
ure to develop valid mouse models.

Various approaches have been employed to study
anxiety-related traits in mice and the majority postu-
late that aversive stimuli, such as novelty or potentially
harmful environments, induce a central state of fear
and defensive reactions which can be assessed and
quantified through physiologic and behavioral para-
digms (Crawley & Paylor 1997; Crawley 1999). While
substantial similarities between human and murine
avoidance, defense or escape response exist, it remains
obscure whether mice also experience subjective anxiety
and associated cognitive processes similar to humans
or whether defense responses represent pathological
forms of anxiety in humans. In general, pathological
anxiety may reflect an inappropriate activation of 
normally adaptive, evolutionarily conserved defense
reaction. It should therefore be practicable to elucid-
ate both physiologic and pathologic anxiety by studying
avoidant and defensive behavior in mice using a broad
range of anxiety models to ensure comprehensive char-
acterization of the behavioral phenotype.

The design of a mouse model partially or completely
lacking a gene of interest during all stages of develop-
ment (constitutive knockout) is among the prime
strategies directed at elucidating the role of genetic 
factors in fear and anxiety. Following the landmark
studies by Mohler and coworkers (Crestani et al.
1999) who generated mice lacking the γ2 subunit of the
GABA-A receptor, a notable body of evidence has been
accumulated that GABA-A function is compromised in
anxiety disorders (for review see Nutt & Malizia 2001,

Mouse models

Quantitative genetic research on animal models con-
sists primarily of inbred strain and selection studies.
While comparisons between different inbred strains 
of mice expose remarkable differences in measures of
anxiety-related behavior, such as performance in the
Open Field or Elevated Plus Maze paradigm, differ-
ences within strains can be attributed to environmental
influences. Inbred and recombinant inbred strain stud-
ies are highly efficient in dissecting genetic influences,
for investigating interactions between genotype and
environment, and for testing the disposition–stress
model.

Selective breeding of mice for many generations pro-
duces difference between high- and low-anxiety lines
that steadily increase each generation. Selection studies
of behavioral traits strongly suggest a genetic influence
and that many genes contribute to variation in beha-
vior. Mice strains that have been selectively bred to dis-
play a phenotype of interest are currently being used 
to identify genetic loci that contribute to behavioral
traits. The QTL approach has been applied with some
success to a trait in mice called “emotionality” (Flint 
et al. 1995). Crosses between the high- and low-activity
selected mouse lines yielded three QTL regions that
appear to be related to various measures of fearfulness.
A modified QTL strategy that uses recombinant inbred
mouse strains produced candidate QTLs for Open
Field fearfulness (Phillips et al. 1995).

However, such linkage analyses provide only a rough
chromosomal localization, whereas the next step,
identifying the relevant genes by positional cloning,
remains a challenging task (Tecott & Barondes 1996).
Since mice and humans share many orthologous genes
mapped to syntenic chromosomal regions, it is con-
ceivable that individual genes identified for one or
more types of murine anxiety-related behavior may 
be developed as animal models for human anxiety.
Following chromosomal mapping of polymorphic
genes and evaluation of gene function using knockout
mutants, behavioral parameters, including the type of
anxiety, measure of anxiety, test situation and oppon-
ent type are investigated. Thus, the combination of
elaborate genetic and behavioral analyses results in the
identification of many genes with effects on variation
and development of murine anxiety-related behavior
and, ultimately, mouse QTL research is likely to gener-
ate candidate QTL for human anxiety disorders.
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in press). Heterozygous GABA-A γ2 subunit knockout
mice are less sensitive to benzodiazepines, display
hypervigilance and anxiety, and show decreases in 
ligand binding throughout the brain. These mice may
represent a genetically defined model of trait anxiety
that closely mimics pharmacological, morphological,
and behavioral phenotype of human anxiety disorders
(Crestani et al. 1999). Various other types of GABA-A
subunits, including α1, α2, α3, and β3, have been genet-
ically altered in mice by introducing a defined muta-
tion (constitutive knockin) (Rudolph et al. 1999; Low
et al. 2000). While mice with a mutated α1 subtype
gene are insensitive to the sedative actions of benzodi-
azepines but still responsive to GABA, the anxiolytic
effect is lost if the α2 but not the α3 subtype is modified.
The localization of the α2 subtype in the limbic system
further supports a role of this neurocircuit in anxiety
(Nutt & Malizia 2001).

A possible role for the 5-HT1A receptor in the modu-
lation of anxiety (and depression) as well as in the
mode of action of anxiolytic and antidepressant drugs
has been suspected for many years. 5-HT1A receptors
operate both as somatodendritic autoreceptors and as
postsynaptic receptors. Somatodendritic 5-HT1A auto-
receptors are predominantly located on 5-HT neurones
and dendrites in the midbrain raphe complex, and their
activation by 5-HT or 5-HT1A agonists decreases the
firing rate of serotonergic neurones and subsequently
reduces the release of 5-HT from nerve terminals (Fig.
13.2). Postsynaptic 5-HT1A receptors are widely dis-
tributed in forebrain regions that receive serotonergic
input, notably in the cortex, hippocampus, and hypo-
thalamus. Their activation results in neuronal inhibition,
the consequences of which are not well understood,
and in physiological responses that depend upon the
function of the target cells (e.g. activation of the
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Fig. 13.2 Hypothetical mechanism of physiological and
behavioral consequences of targeted inactivation of the 
5-HT1A receptor gene in mice. Anxiety-related and
antidepressant-like behavior in 5-HT1A receptor knockout
mice may represent a consequence of increased terminal 
5-HT availability resulting from the lack or reduction in
presynaptic somatodendritic 5-HT1A autoreceptor negative
feedback function. Indirect evidence for increased
presynaptic serotonergic activity is provided by the

compensatory up-regulation of terminal 5-HT1B receptors.
While increased 5-HT availability and activation of other
serotonergic receptor subtypes that have been shown to
mediate anxiety (e.g. 5-HT2C receptor) may contribute to
increased anxiety in rodent model, multiple downstream
neurotransmitter pathways or neurocircuits, including
noradrenergic, GABAergic, glutamatergic, and peptidergic
transmission, are likely to participate in the processing of this
complex behavioral trait.



Activation of presynaptic 5-HT1A receptors pro-
vide the brain with an autoinhibitory feedback 
system controlling 5-HT neurotransmission. Thus,
enhanced anxiety-related behavior most likely re-
presents a consequence of increased terminal 5-HT
availability resulting from the lack or reduction in 
presynaptic somatodendritic 5-HT1A autoreceptor
negative feedback function. Indirect evidence for
increased presynaptic serotonergic activity is provided
by the compensatory up-regulation of terminal 5-HT1B
receptors. This mechanism is also consistent with
recent theoretical models of fear and anxiety that are
primarily based upon pharmacologically derived data.
The cumulative reduction in serotonergic impulse flow
to septohippocampal and other limbic and cortical
areas involved in the control of anxiety is believed to
explain the anxiolytic effects of ligands with selective
affinity for the 5-HT1A receptor in some animal models
of anxiety-related behavior. This notion is based, in part,
on evidence that 5-HT1A agonists (e.g. 8-OH-DPAT
[8-hydroxy-2-(di-n-propylamino)tetralin]) and antagon-
ists (e.g. WAY 100635) have anxiolytic or anxiogenic
effects, respectively. However, to complicate matters
further, 8-OH-DPAT has anxiolytic effects when
injected in the raphe nucleus, whereas it is anxiogenic
when applied to the hippocampus. Thus, stimulation
of postsynaptic 5-HT1A receptors has been proposed
to elicit anxiogenic effects, while activation of 5-HT1A
autoreceptors is thought to induce anxiolytic effects
via suppression of serotonergic neuronal firing resulting
in attenuated 5-HT release in limbic terminal fields.

hypothalamic pituitary adrenocortical system). At the
end of 1998 a series of three papers reported the 
generation of mice with a targeted inactivation of 
the 5-HT1A receptor (Heisler et al. 1998; Parks et al.
1998; Ramboz et al. 1998). Functional 5-HT1A recep-
tor knockout was confirmed by a complete lack of 
5-HT1A receptor binding in brain of null-mutant mice,
with intermediate binding in heterozygote mice.

Mice with a targeted inactivation of the 5-HT1A
receptor consistently display a spontaneous pheno-
type that is associated with a gender-modulated and
gene/dose-dependent increase of anxiety-related beha-
viors (Table 13.1). With the exception of an enhanced 
sensitivity of terminal 5-HT1B receptors and down-
regulation of GABA-A receptors (Sibille et al. 2000),
no major neuroadaptational changes were detected.
Noteworthy is that this behavioral phenotype was
observed in animals in which the mutation was bred
into mice of Swiss-Webster, C57BL/6 J and 129/Sv
backgrounds, solidly substantiating the assumption
that this behavior is an authentic consequence of
reduced or absent 5-HT1A receptors. While all
research groups used Open Field exploratory behavior
as a model for assessing anxiety, two groups confirmed
that 5-HT1A knockout mice had increased anxiety 
by using other models, the Elevated Zero Maze or
Elevated Plus Maze test. These ethologically based
conflict models test fear and anxiety-related behaviors
based on the natural tendencies for rodents to prefer
enclosed, dark spaces versus their interest in exploring
novel environments.
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Table 13.1 Behavioral phenotype of 5-HT1A knockout mice.

Anxiety-related Antidepressant-like Locomotor Motor
Genetic background behaviora behaviorb activity coordinationc

Parks et al. (1998) 129Sv into OF: ↑↑m, ↑f FS: ↑↑ ↑f −
Swiss-Webster

Ramboz et al. (1998) 129Sv OF: ↑↑m, ↑f FS: ↑ − nd
EPM: ↑

Heisler et al. (1998) 129Sv into OF: ↑ (+/− < −/−) TS: ↑↑ (+/− < −/−) − −
C57BL/63 J EZM: ↑

NO: ↑↑ (+/− < −/−)

a OF, Open Field; EZM, Elevated Zero Maze; EPM, Elevated Plus Maze; NO, Novel Objects. b FS, Forced Swim; TS, Tail Suspension. c Rotorod.
f, female; m, male; –, no change; nd, not done; +/– < –/–, gene/dose-effect
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Excess serotonergic neurotransmission may also 
be implicated in increased anxiety-related behaviors
recently found in 5-HT tranporter-deficient mice
(Wichems et al. 2000). These findings are consistent
with other evidence suggesting that increased 5-HT
availability may contribute to increased anxiety in
rodents, and the studies reporting that anxiety-
related traits in humans are associated with allelic 
variation of 5-HT transporter function (Lesch et al.
1996). Mice with a disrupted 5-HT transporter gene
have been suggested as an alternative model to phar-
macological studies of selective serotonin reuptake 
inhibitor (SSRI)-evoked antidepressant and anxiolytic
mechanisms to assess the hypothesized association
between 5-HT uptake function and 5-HT1A receptor
desensitization (Bengel et al. 1998). Excess seroton-
ergic neurotransmission in mice lacking 5-HT trans-
port results in desensitized and, unlike observations
following SSRI administration, down-regulated 5-
HT1A receptors in the mid-brain raphe complex but
not in the hippocampus (Li et al. 2000), and is sus-
pected to play a role in the increased anxiety-related
and antidepressant-like behaviors in these mice using
the Light-Dark and Elevated Zero Maze paradigms,
and Tail Suspension paradigms. In contrast to 5-
HT1A-deficient mice, anxiety-related behavior that
can be reversed by anxiolytics of the diazepam type is
more pronounced in female 5-HT transporter null
mutants.

Morphological analyses of cortical and subcortical
structures where 5-HT has been suggested to act as a
differentiation signal in cortical development revealed
an impact of 5-HT transporter inactivation on the for-
mation and plasticity of brain structures. Inactivation
of the 5-HT transporter gene profoundly disturbs 
formation of the somatosensory cortex (SSC) with
altered cytoarchitecture of cortical layer IV, the layer
that contains synapses between thalamocortical termi-
nals and their postsynaptic target neurones (Persico 
et al. 1999). These findings demonstrate that excessive
amounts of extracellular 5-HT are detrimental to SSC
development and suggest that transient 5-HT trans-
porter expression in thalamocortical neurones is
responsible for barrel patterns in neonatal rodents,
and its permissive action is required for barrel pattern
formation, presumably by maintaining extracellular 5-
HT concentrations below a critical threshold (Salichon
et al. 2001). Since the gene-dose dependent reduction

in 5-HT transporter availability in heterozygous mice,
that leads to a modest delay in 5-HT uptake but dis-
tinctive irregularities in barrel and septum shape, is
similar to those reported in humans carrying low 
activity allele of the 5-HTTLPR, it may be speculated
that allelic variation in 5-HT transporter function also
affects the human brain during development with due
consequences for personality, disease liability, and
therapeutic response. Preliminary data suggest that
other sensory cortices such as the visual system (Upton
et al. 2001) as well as in hippocampal neurogenesis 
(A. Schmitt & K.P. Lesch, pers. comm.) are altered in
5-HT transporter knockout mice. In line with these
findings, it has recently been shown that electrical 
substrates of the execution and the inhibition of motor
response elicited by the Continuous Performance
(CPT) Task test is associated with the 5-HTTLPR
genotype in healthy subjects, thus indicating a role of
5-HT transporter function in neurophysiologically
assessed topography of inhibitory motor control
located in human prefrontal cortex (Fallgatter et al.
1999).

The evidence that changes in 5-HT system homeo-
stasis exerts long-term effects on cortical development
and adult brain plasticity may be an important step
forward in establishing the psychobiological ground-
work for a neurodevelopmental hypothesis of neur-
oticism, negative emotionality, and anxiety disorders.
Although there is converging evidence that serotoner-
gic dysfunction contributes to anxiety-related behavior,
the precise mechanism that renders 5-HT1A receptor
and 5-HT transporter-deficient mice more anxious
remains to be elucidated. While increased 5-HT avail-
ability and activation of other serotonergic receptor
subtypes that have been shown to mediate anxiety 
(e.g. 5-HT2C receptor) may contribute to increased
anxiety in rodent model, multiple downstream cellular
pathways or neurocircuits, including noradrenergic,
GABAergic, glutamatergic, and peptidergic transmis-
sion, as suggested by overexpression or targeted in-
activation of critical genes within these systems, have
been implicated to participate in the processing of this
complex behavioral trait. Recent work has therefore
been focused on a large number of genes that have
known relevance in the neurocircuitries of fear and
anxiety, although the knockout of some genes that
appear to not be directly involved in anxiety may also
lead to an anxiety related phenotype (Table 13.2).
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Table 13.2 Knockout mice displaying an anxiety-related phenotype and behavior.

Effect of anxiety- Additional behavioral
Knockout related behavior phenotypes, special features Author

GABA
GABA-A receptor ↑ Synaptic clustering Crestani et al. (1999)
subunit γ2 of GABA-A
GAD65 ↑ Aggression ↓, depression ↓ Kash et al. (1999)

Stork et al. (2000)

Serotonin (5-HT)
5-HT receptor 1 A ↑ Consistent in different Heisler et al. (1998)

− genetic backgrounds Ramboz et al. (1998)
− (Table 13.1) Parks et al. (1998)

Sibille et al. (2000)
5-HT receptor 1B ↓ Aggression ↑ Brunner et al. (1999)

GABA-A receptor ↓
5-HT receptor 2C ↑ Hyperphagia/weight gain Tecott & Barondes (1996)

Spatial learning ↓
5-HT transporter ↑ Depression ↓ Wichems et al. (2000)
MAOA ↓ Aggression ↑ Cases et al. (1995)

Catecholamines
Dopamine receptor D3 ↓ Steiner et al. (1997)
Dopamine receptor D4 ↑ (Small) Exploration ↓ Dulawa et al. (1999)
COMT ↓ Aggression ↑ Gogos et al. (1998)

Adenosine
Receptor A2a ↑ Aggression ↑ Ledent et al. (1997)

Opioid
δ ↑ Depression ↑ Filliol et al. (2000)
µ ↓ Depression ↓
Nociceptin ↑ Stress response ↑ Koster et al. (1999)

Signal transduction
AC VIII ↑ Schaefer et al. (2000)
CamKII ↓ Offensive aggression ↑ Chen et al. (1994)
CREM ↓ Maldonado et al. (1999)

Stress system
CRH1 receptor ↓ Stress response ↓ Timpl et al. (1998)

Contarino et al. (1999)
CRH2 receptor ↑ Stress response ↑ Bale et al. (2000)

Kishomoto et al. (2000)
Glucocorticoid receptor ↓ Stress response ↓ Tronche et al. (1999)

(Continued)
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Towards resolution of gene–gene and
gene–environment interactions

Although still in its infancy, investigation of gene–gene
and gene–environment interactions in nonhuman prim-
ates and humans support the view that genetic fac-
tors influence brain development, neuroplasticity, and
complex behavior. Despite evidence for a substantial
contribution of the genetic “blueprint” to the forma-
tion of synaptic connections in the mammalian brain
during development, adult life, and old age, detailed
knowledge of the molecular mechanisms involved in
these fine-tuning processes is only beginning to accu-
mulate. Integration of advanced strategies of complex
genetic analysis with behavioral traits such as anxiety-
related phenotypes, and techniques that alter or inactiv-
ate gene expression, will eventually elucidate the role
of the genetics in development of complex behavioral
traits and anxiety disorders.

The resolution of epistatic gene–gene interaction 
in the development of personality and behavior is
among the last frontiers of genetic research. In the
evaluation of complex genetic effects it seems to be
essential to control for environmental factors. Recent
studies have therefore focused on the neonatal period,
a time in early development when environmental
influences are minimal and least likely to confound
associations between temperament and genes. In this

context the term temperament is used to refer to the
psychological qualities of infants that display con-
siderable variation and have a relatively, but not
indefinitely, stable biological basis in the individual’s
genotype, even though different phenotypes may emerge
as the child grows (Kagan et al. 1988; Kagan 1989).

Ebstein et al. (1998) investigated the behavioral effects
of variable number of tandem repeats (VNTR) polymor-
phism in exon 3 of the dopamine D4 receptor (D4DR),
which had previously been linked to the personality
trait of novelty seeking, and the 5-HTTLPR, which
seems to influence negative emotionality and anxiety,
in 2-week-old neonates (N = 81). In addition to a
significant association of the D4DR polymorphism
across four behavioral clusters relevant to tempera-
ment including orientation, motor organization, range
of state and regulation of state, an interaction was 
also observed between the D4DR polymorphism and 
5-HTTLPR. The presence of two short alleles of the 
5-HTTLPR decreased the orientation score for the
group of neonates lacking the long variant of D4DR.
The D4DR polymorphism–5-HTTLPR interaction was
also assessed in a sample of adult subjects. Interest-
ingly, there was no significant effect of long allele of
D4DR (6–8 repeats) in those subjects homozygous 
for the 5-HTTLPR s form when they were grouped 
by the 5-HTTLPR, whereas in the group without the
homozygous genotype the effect of long D4DR variant
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Table 13.2 (cont’d)

Effect of anxiety- Additional behavioral
Knockout related behavior phenotypes, special features Author

Miscellaneous
Neuropeptide Y ↑ Food intake ↓ Bannon et al.  (2000)
Interferon-γ ↑ Kustova et al. (1998)
Midkine ↑ Nakamura et al. (1998)
Neurokinine 1 receptor ↑ Serotonergic function ↑ Santarelli et al. (2001)
ApoE ↑ Raber et al. (2000)
NCAM ↑ 5-HT1A receptor ↑ Stork et al. (1999)
FMR1 ↓ Peier et al. (2000)

↑/↓, increase/decrease in anxiety-related behavior; AC VIII, adenylyl cyclase type VIII; ApoE, apolipoprotein E; CamKII, calcium–calmodulin
kinase II; COMT, catechol-O-methyltransferase; CREM, cAMP-responsive element modulator; CRH corticotropin- releasing hormone; FMR1,
fragile X syndrome gene; GABA, γ-amino butyric acid; GAD65, 65-kDa isoform of glutamic acid decarboxylase; MAOA, monoamine oxidase A;
NCAM, neural cell adhesion molecule.



CSF 5HIAA levels, is associated with lower rank within
a social group, less competent social behavior, and
greater impulsive aggression. Association between
central 5-HT turnover and rh5-HTTLPR genotype
was tested in rhesus monkeys with well-characterized
environmental histories (Bennett et al. 2001). The
monkeys’ rearing fell into one of the following categ-
ories: mother-reared, either reared with the biological
mother or cross-fostered; or peer-reared, either with a
peer group of 3–4 monkeys or with an inanimate sur-
rogate and daily contact with a playgroup of peers.
Peer-reared monkeys were separated from their moth-
ers, placed in the nursery at birth, and given access to
peers at 30 days of age either continuously or during
daily play sessions. Mother-reared and cross-fostered
monkeys remained with the mother, typically within 
a social group. At roughly 7 months of age, mother-
reared monkeys were weaned and placed together with
their peer-reared cohort in large, mixed-gender social
groups.

Since the monkey population comprised two groups
that received dramatically different social and rearing
experience early in life, the interactive effects of environ-
mental experience and the rh5-HTTLPR on cisternal
CSF 5HIAA levels and 5-HT-related behavior was
assessed. CSF 5HIAA concentrations were significantly
influenced by genotype for peer-reared, but not for
mother-reared subjects. Peer-reared rhesus monkeys
with the low-activity rh5-HTTLPR s allele had signi-
ficantly lower concentrations of CSF 5HIAA than their
homozygous l/l counterparts Low 5-HT turnover in
monkeys with the s allele is congruent with in vitro
studies that show reduced binding and transcriptional
efficiency of the 5-HT tranporter gene associated with
the short 5-HTTLPR allele (Lesch et al. 1996). This
suggests that the rh5-HTTLPR genotype is predictive
of CSF 5HIAA concentrations, but that early experi-
ences make unique contributions to variation in later
5-HT functioning. This finding is the first to provide
evidence of an environment–dependent association
between a polymorphism in the 5′-regulatory region 
of the 5-HT transporter gene and a direct measure 
of 5-HT functioning, cisternal CSF 5HIAA concentra-
tion, thus revealing an interaction between rearing
environment and rhHTTLPR genotype. Similar to the
5-HTTLPR’s influence on anxiety-related traits in
humans, however, the effect size is small, with 4.7% 
of variance in CSF 5HIAA accounted for by the rh5-
HTTLPR–rearing environment interaction.

was significant and represented 13% of the variance in
novelty seeking scores between groups. Temperament
and behavior of these infants were reexamined at 2
months using Rothbart’s Infant Behavior Questionnaire
(IBQ) (Auerbach et al. 1999). There were significant
negative correlations between neonatal orientation
and motor organization as measured by the Neonatal
Behavioral Assessment Scale (NBAS) at 2 weeks and
negative emotionality, especially distress in daily situa-
tions, at 2 months of age. Furthermore, grouping of
the infants by D4DR polymorphism and 5-HTTLPR
revealed significant main effects for negative emotion-
ality and distress. Infants with long D4DR alleles had
lower scores on Negative Emotionality and Distress 
to Limitations than infants with short D4DR alleles. 
In contrast, infants homozygous for the 5-HTTLPR’s
allele had higher scores on Negative Emotionality and
Distress than infants with the l/s or l/l genotypes.
Infants with the s/s genotype who also were lacking the
novelty seeking-associated long D4DR alleles showed
most negative emotionality and distress, temperament
traits that possibly contribute to the predisposition for
adult negative emotionality and anxiety.

The relationship between emotional reactions to
stress (emotionality) and psychiatric disorders is also
central to the disposition–stress model of syndromal
dimensions of affective spectrum disorders, such as
anxiety and depression, in which the expression of
genetic vulnerability is triggered by stress (Eley and
Plomin 1997; Paris 1998; Ramos & Mormede 1998).
In line with this notion, a twin study suggests that
genetic liability to depression interacts with the pres-
ence of stressful life events in producing the outcome of
depression (Kendler et al. 1995a). Additional, although
preliminary, evidence comes from studies of rhesus
macaques, a higher nonhuman primate species that, like
humans, carries the 5-HT transporter gene-associated
polymorphism (rh5-HTTLPR).

Previous work in rhesus monkeys has shown that
early adverse experiences have long-term consequences
for the functioning of the central 5-HT system, as indic-
ated by robustly altered cerebrospinal fluid (CSF)
5HIAA levels as well as anxiety and depression-related
behavior, in monkeys deprived of their parents at birth
and raised only with peers (Higley et al. 1991; Higley
et al. 1992). Accumulating evidence demonstrates the
complex interplay between individual differences in the
central 5-HT system and social success. In monkeys,
lowered 5-HT functioning, as indicated by decreased
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As the scope of human studies has also been
extended to the neonatal period, a time in early devel-
opment when environmental influences are modest
and least likely to confound gene–temperament associ-
ations, complementary approaches have recently been
applied to nonhuman primate behavioral genetics to
facilitate investigation of the contribution of genotype
and early rearing environment to the development of
behavioral traits. Rhesus macaque infants heterozy-
gous for the short and long variant of the rhHTTLPR
displayed higher behavioral stress-reactivity compared
to infants homozygous for the long variant of the allele
(Champoux et al. 1999). Mother-reared and peer-
reared monkeys were assessed on days 7, 14, 21, and
30 of life, on a standardized primate neurobehavioral
test designed to measure orienting, motor maturity,
reflex functioning, and temperament. The main effects
of genotype and, in some cases, interactions between
rearing condition and genotype, were demonstrated for
items indicative of orienting, attention, and tempera-
ment. In general, heterozygote animals demonstrated
diminished orientation, lower attentional capabil-
ities, and increased affective responding relative to 
l/l homozygotes. However, the genotype effects were
more pronounced for animals raised in the neonatal
nursery than for animals reared by their mothers.
These results demonstrate the contributions of rearing
environment and genetic background, and their inter-
action, in a nonhuman primate model of behavioral
development.

Taken together, these findings provide evidence of
an environment–dependent association between allelic
variation of 5-HT transporter expression and central
5-HT function, and illustrate the possibility that specific
genetic factors play in social competence and related
traits. The objective of further studies will be the elucida-
tion of the relationship between the genotypes and
sociality in monkeys as this behavior is expressed with
characteristic individual differences both in daily life
and in response to challenge. Because rhesus monkeys
exhibit temperamental and behavioral traits that par-
allel anxiety, depression, and aggression-related per-
sonality dimensions associated in humans with the
low-actitvity 5-HTTLPR variant, it may be possible to
search for evolutionary continuity in this genetic
mechanism for individual differences.

The biobehavioral results of deleterious early expe-
riences of social separation are consistent with the
notion that the 5-HTTLPR may influence the risk for

affective spectrum disorders. Evolutionary preservation
of two prevalent 5-HTTLPR variants and the resulting
allelic variation in 5-HT transporter expression may
be part of the genetic mechanism resulting in the emer-
gence of temperamental traits that facilitate adaptive
functioning in the complex social worlds most primates
inhabit. The uniqueness of the 5-HTTLPR among
humans and simian nonhuman primates, but not
among prosimians or other mammals, along with the
role 5-HT plays in complex primate sociality, form 
the basis for the hypothesized relationship between the 
5-HT transporter function and personality traits that
mediate individual differences in social behavior. Non-
human primate studies may therefore be useful to help
identify environmental factors that either compound
the vulnerability conferred by a particular genetic
makeup or, conversely, act to improve the behavioral
outcome associated with that genotype.

Outlook

Progress in behaviorial genetics will eventually be
accelerated by closer integration of neuroscience and
genetic approaches. Integration of emerging tools 
and technologies for genetic analysis will provide the
groundwork for an advanced stage of gene identi-
fication and functional studies in anxiety and related
disorders.

However, several conceptual refinements need to 
be adopted in behavioral and psychiatric genetics.
First, to detect small gene effects, a dimensional, 
semiquantitative approach to behavioral phenotypes
arising from psychometric research and standardized 
trait assessment is needed. Established are two parallel
definitions of anxiety phenotypes: categorical diagnoses
(i.e., PD, social phobia, etc.) and dimensional traits (e.g.,
anxious temperament, behavioral inhibition, negative
emotionality). Given the limitation of the diagnostic
approach, future studies will require extended, homo-
geneous, and ethnically matched samples. With recent
advances in molecular genetics, the rate-limiting step
in identifying susceptibility genes has become definition
of phenotype or endophenotypes. Thus, investigation
of genetic differences associated with variation along
behavioral dimensions within diagnoses will be a useful
complement to the traditional strategy of looking for
genetic differences between categorically defined diag-
nostic entities.
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and the fading dogma that neurones are highly vulner-
able and their capacity for regeneration, reproducibility,
and plasticity is limited, it is being realized that gene
transfer strategies may eventually be applicable to gen-
etic factors associated with complex disorders. While
targeting gene regulation or gene transfer approaches
are quite appealing, no presently available technique
meets the rigorous requirements obligatory for human
trials, but the technical prerequisites are being devel-
oped at an incredible pace, thus raising hopes for a
beneficial application of these treatment strategies in
some forms of chronic and treatment-resistant anxiety
disorders.

Summary

Genetic epidemiology has assembled convincing evid-
ence that anxiety and related disorders are influenced
by genetic factors and that the genetic component 
is highly complex, polygenic, and epistatic. Although
several genes that may contribute to the genetic 
variance of anxiety-related traits, or may modify the
phenotypic expression of pathologic anxiety are cur-
rently under investigation, molecular genetics has so
far failed to identify a genomic variation that can con-
sistently contribute susceptibility of anxiety disorders.
Investigation of gene–gene and gene–environment
interactions in humans and nonhuman primates as
well as gene inactivation studies in mice further inten-
sify the identification of genes that are essential for
development and adult plasticity of the brain related to
complex anxiety responses. Because the modes of
inheritance of anxiety disorders are complex, it has
been concluded that multiple genes of modest effect, 
in interaction with each other and in conjunction 
with nongenetic neurodevelopmental events, produce
vulnerability to the disorder. Future research strategies
will take advantage of the completion of the sequencing
of the human and mouse genome coinciding with the
revolution in bioinformatics. More than 1.4 million
SNPs in the human genome have been identified. This
collection should allow the initiation of genome-wide
linkage disequilibrium mapping of the genes influen-
cing anxiety in the human population. Integration of
these emerging tools and technologies for genetic 
analysis will provide the groundwork for an advanced
stage of gene identification and functional studies in
anxiety and related disorders.

Second, more functionally relevant polymorphisms
in genes within a single neurotransmitter system, or in
genes that comprise a functional unit in their concerted
actions, need to be identified and assessed in both large
population and family-based association studies to
avoid stratification artifacts, and to elucidate complex
epigenetic interactions of multiple loci. Further studies
of the genetics of anxiety-related traits using refined
linkage strategies, association techniques, and newer
but well advanced methods such as single nucleotide
polymorphism (SNP) analysis, will be especially useful
in the characterization of the heritable components of
anxiety disorders. Based on the first draft sequence of
the human genome, more than 1.4 million SNPs in the
human genome have been identified (Consortium
2001). Large-scale association studies that couple the
genotyping of functional SNPs with linkage disequilib-
rium mapping in chromosomal regions implicated in
linkage studies is an approach complementary to link-
age analyses. Its success will depend on the availability
of SNPs in the coding or regulatory regions of a large
number of candidate genes, as well as knowledge of the
average extent of linkage disequilibrium between SNPs,
the development of high-throughput technologies for
genotyping SNPs, identification of protein-altering SNPs
by DNA, and protein microarray-assisted expression
analysis, and collection of DNA from well-phenotyped
patients.

Third, genetic influences are not the only pathway
that lead to individual differences in personality
dimensions, behavior, and psychopathology. Complex
traits are most likely to be generated by a complex
interaction of environmental and experiental factors
with a number of genes and their products. Even 
pivotal regulatory proteins of cellular pathways and
neurocircuits, will have a modest impact, while noise
from nongenetic mechanisms obstructs identification
of relevant gene variants. Although current methods
for the detection of gene–environment interaction in
behaviorial genetics are largely indirect, the most relev-
ant consequence of gene identification for personality
and behavioral traits may be that it will provide the
tools required to systematically clarify the effects of
gene–environment interaction.

Finally, future benefits will stem from the potential
development of techniques involving molecular cell
biology, transgenics, and gene transfer technology that
could facilitate novel drug design. Paralleling the resolu-
tion of gene–gene and gene–environment interactions
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Respiration and Anxiety
E. Griez & G. Perna

interest into a possible link between malfunction of the
respiratory system and anxiety. A first hypothesis that
became quite popular in the 1970s was that a disordered
respiratory pattern may cause anxiety. Clinician deline-
ated a so-called hyperventilation syndrome affecting
people who were believed to be either chronic or acute
hyperventilators (Magarian 1982). In this conceptual
model “bad breathing habits” are supposed to cause
bursts of hyperventilation and respiratory alkalosis,
eliciting various somatic symptoms, such as dizziness,
shaking, and palpitations. These in turn were thought
to precipitate fear and anxiety.

It is true that hyperventilation, i.e., breathing in
excess to the metabolic requests, is often found in 
association with panic (Cowley & Roy-Byrne 1987;
Kenardy et al. 1990). Starting from this observation,
and reasoning along the lines of the hyperventilation
syndrome concept, some authors supported the causal
role of hyperventilation in the development of panic
attacks: panic patients might be chronic hyperventil-
ators that do shift toward a hypocapnic alkaloses as a
consequence of stress induced acute hyperventilation,
leading to panic attacks. This hypothesis has been built
over three main experimental evidences. First, panic
attacks and the “hyperventilation–n syndrome” show
common symptomatology (Kerr et al. 1937; Cowley
& Roy-Byrne 1987) with dyspnea, palpitations, tremors,
paresthesias, and faintness. Second, the hyperventila-
tion syndrome has been reported to overlap with panic
disorder in up to 40% of patients (Garssen et al. 1983;
Cowley & Roy-Byrne 1987; Hoes et al. 1987; de
Ruiter et al. 1989). Finally, the acute hyperventilation
challenge reproduces panic-like symptomatology in a
significant rate of panic patients (Garssen et al. 1983;
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Introduction

In the last two decades it has become clear that respira-
tion and its control mechanisms may represent a main
system involved in abnormal anxiety, particularly
panic disorder (Bellodi & Perna 1998). As early as in
the late XIX century an association between shortness
of breath and acute anxiety attacks was noted (Freud
1963), and the origin of a long research tradition 
may be traced back to Drury’s first report on carbon
dioxide intolerance in patients with the irritable heart
syndrome (Drury 1918). However, analyses putting
respiratory disturbances at the core of the concept of
panic attacks are quite recent (Anderson et al. 1984;
Ley 1985; Klein 1993). Since then the amount of data
supporting and deepening the understanding of a con-
nection between the vital function of breathing and
(panic) anxiety has accumulated.

This chapter is an attempt to summarize the evi-
dence on the association between respiration, from
physiology to pathology, and panic anxiety, with an
eye on future perspectives. The authors have chosen to
organize the facts and conduct the discussion around 
a number of themes, keeping in mind old explana-
tions as well as new hypotheses, rather than trying 
to assemble a complete catalogue of all experiments 
published in recent literature.

Panic-anxiety and hyperventilation

Patients reporting shocking sensations and other breath-
ing problems during panic attacks is a common clinical
experience. Accordingly, there has been a sustained
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the respiratory system is the fact that patients with res-
piratory disorders often report panic-like experiences.
Several studies have suggested an association between
PD and asthma (Smoller & Otto 1998; Carr 1999).
Kinsman et al. (1973) showed that panic sensation
occurred frequently (42%) in a group of asthma patients.
Subsequent studies reported an increased prevalence
of panic attacks and PD in patients suffering with
asthma compared to rates in the general population.
Yellowlees et al. (1988) compared 13 patients who
had suffered a near-miss death of asthma with 36 other
asthma patients. All asthma patients had a higher than
expected level of psychiatric morbidity but no difference
was found when comparing the near-miss death group
and the others, suggesting that it was not the simple
near death experience that led to the development 
of panic. Shavitt et al. (1992) found that 13.1% and
6.1% of a sample of 107 outpatients with asthma
were, respectively, agoraphobics and sufferers of PD.
Perna et al. (1997b) found that patients with asthma
have significantly higher lifetime prevalence of both
PD (20%) and of sporadic unexpected panic attacks
(26%) than those of the general population with a
higher prevalence in women. In this study, in nine asth-
matics (90%) with PD, the onset of asthma had pre-
ceded the onset of panic, and since only asthmatic
patients with PD had higher familial vulnerability to
PD, the authors excluded the existence of a common
underlying familial vulnerability between PD and
asthma.

There are arguments to believe that the relationship
between PD and asthma, among respiratory diseases,
is not specific. Van Peski-Oosterbaan et al. (1996)
reported an increased rate of PD (9%) in all subjects
referred for pulmonary function tests, regardless of
pulmonary diagnosis. Despite very comparable results
on the lung function tests, patients who had a comorbid
PD perceived higher levels of breathlessness. This
confirms findings (Porzelius et al. 1992; Carr et al.
1994) that patients with chronic obstructive pulmonary
disease (COPD) and comorbid PD have more negative
cognitions than patients without a comorbid PD,
although their lung functions are equally impaired.
Patients with COPD also show a high prevalence of
anxiety disorders. Several studies have reported a higher
prevalence of PD (8–24%) among patients with COPD
compared to controls (Yellowlees et al. 1987; Karajgi
et al. 1990). Conversely, repeated investigations
(Zandbergen et al. 1991a; Perna et al. 1994b; Spinhoven

Bass et al. 1989; Maddock & Carter 1991; Rapee et al.
1992; Nardi et al. 1999a). Although these data seem to
support the idea of a causal role of hyperventilation,
several pieces of evidence argue against it. A growing
number of studies question the ability of acute hyper-
ventilation to induce panic attacks (Gorman et al. 1984,
1988, 1994; Rapee 1986; Griez et al. 1988; Zandbergen
et al. 1990; Spinhoven et al. 1992, 1993; van den Hout
et al. 1992; Asmundson et al. 1994; Antony et al.
1997) and suggest that even though it is able to induce
some anxiety, hyperventilation cannot induce a reac-
tion similar to spontaneous panic attacks in patients
with panic disorder (Lindsay et al. 1991). Moreover,
spontaneous panic attacks as a rule are not associated
with a decrease of Pco2 levels (Hibbert & Pilsbury
1988, 1989; Buikhuisen & Garssen 1990) and several
studies reported the absence of baseline chronic hyper-
ventilation in panic patients (Woods et al. 1986; Holt
& Andrews 1989; Zandbergen et al. 1993). The stud-
ies that did report signs of chronic respiratory alkalosis
were somewhat inconclusive, as far as these signs were
not documented in more than 50% of the patients
(Liebowitz et al. 1985; Gorman et al. 1986; Salkovskis
et al. 1986). Also, if present, chronic hyperventilation
seems far from being specific for panic disorders sub-
jects: it was found as often in patients with other anxiety
disorders (van den Hout et al. 1992). Finally, almost
all studies (Zandbergen et al. 1990; Gorman et al.
1994; Antony et al. 1997) although not all (Schmidt 
et al. 1996) show that hypercapnia is definitely a
stronger panicogenic challenge than hyperventilation.
It is worth noting that the analysis of challenge studies
shows that induced panic precede hyperventilation
and hypocapnia (Gorman & Papp 1990).

In conclusion, experimental evidence suggests that
hyperventilation is a significant component of panic
disorder, but question the idea of a putative causal role.
It is, however, unquestionable that some panic patients
show symptoms related to hyperventilation as also
suggested by the evidence of a relationship between the
severity of hyperventilation-induced anxiety symptoms
and an exaggerated decrease of cerebral flow in response
to hypercapnia (Gibbs 1992; Dager et al. 1995).

Panic disorder and respiratory diseases

Another strong line of evidence in favor of a relation-
ship between panic disorder (PD) and a malfunction of
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et al. 1994; Verburg et al. 1995b) showed lifetime pre-
valence of respiratory diseases up to 50% in samples 
of patients with PD. This was definitely higher than
usual lifetime prevalence observed among healthy con-
trols and those occurring in the comparison groups,
consisting of patients with other psychiatric disorders
(obsessive compulsive, depressive and eating disorders).
Since acute respiratory diseases are rarely seen in anxi-
ety clinics, Zandbergen et al. (1991a) more specifically
investigated whether PD patients show an increased
prevalence of respiratory pathology before they develop
PD. The results showed that while point prevalence 
of respiratory disorders was equal to the controls,
childhood prevalence was significantly higher in PD
patients. Other studies confirmed this finding. Perna 
et al. (1994b) found a lifetime prevalence of respiratory
diseases of 29% in 102 PD patients, compared to 14%
in a group of 101 patients with obsessive-compulsive
disorder. Spinhoven et al. (1994) found relatively low
rates of 16% in 100 PD patients, although clearly
higher than the 5% observed in the control group of
100 Diagnostic Statistical Manual, third revised edition
(DSM-III-R: American Psychiatric Association 1987),
“V-codes” patients. In this latter study, a comparison
group of depressive patients had an intermediate 
score of 9%. However, a hidden lifetime comorbidity
between depression and PD may have influenced the
results, increasing the rate of respiratory disorders in
the depression group. The childhood prevalence of 
respiratory disorders in PD subjects was re-examined
in a second study of the Maastricht team. Eighty-two
PD patients and 68 other anxiety disorder patients
(Verburg et al. 1995b) were included. The rates of 
respiratory disorders before the onset of the anxiety
disorder were 42.7% and 16.2%, respectively. This
study also showed that PD patients most frequently
report a childhood history of chronic bronchitis. PD
patients with more severe respiratory symptoms during
their panic attacks reported significantly more often
bronchitis than PD patients with less severe respiratory-
like panic symptoms. In all the studies described 
there appear to be a time gap between the respiratory
disease and the onset of the PD. Pollack et al. (1996)
examined more than 100 patients who were referred
for pulmonary function testing. Forty-one percent of
these patients reported panic attacks and 17% met 
the screening criteria for PD. Patients with COPD had 
the highest rate of PD. All these studies confirm that
respiratory diseases increase the risk of developing PD

later in life (OR = 3.921). They suggest that in up to
40% of PD patients respiratory mechanisms could be a
contributing factor.

Apparently, having suffered with a respiratory dis-
ease early in life increases the risk of developing panic
symptoms in subjects at risk for PD (Perna et al.
1997b). However, this risk is not related to the object-
ive severity of the respiratory pathology, even though
patients who develop panic do perceive their respir-
atory symptoms as being more severe. In daily care the
relationship between PD and diseases of the respir-
atory system is not very obvious. Virtually none of 
the patients referred to anxiety clinics have clinically
evidences of impairment in their pulmonary functions
and this aspect is confirmed by studies showing, if any,
only subclinical anomalies in the lung functions of 
PD patients (Perna et al. 1994d). Other studies have
reported normal lung functions (Carr et al. 1992;
Verburg et al. 1997). Carr et al. (1996) reported that
the airways of PD patients, either with or without
asthma, are chronically more dilated in both stressful
and nonstressful conditions.

To summarize, a relevant proportion, up to 40%, 
of adults who develop PD have a childhood history 
of respiratory disease, mainly bronchitis and asthma.
Conversely, a higher than expected rate of PD has 
been reported amongst people with chronic respir-
atory diseases. The latter may be quite trivial: an
increased prevalence of PD and affective pathology in
general has been reported in other populations with
severe somatic pathology (Chignon et al. 1993; Griez
et al. 2000). However, the former observation may 
be specific, since, to-date, there are no reports on an
increased childhood prevalence of other pathology 
in subjects with PD.

Respiration and panic provocation
procedures

The symptomatological overlap between PD and
hyperventilation syndrome prompted Gorman et al.
(1984) to investigate the effects of provoked hyperven-
tilation in PD patients. They wanted to know whether
hyperventilation-induced hypocapnia contributes to
the development of panic attacks. A group of subjects
with a PD diagnosis voluntarily hyperventilated in a
laboratory environment. To prevent hypocapnia and
respiratory alkalosis in the control condition the
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et al. 1990b). Specifically, patients with obsessive-
compulsive disorder failed to show any significant
anxiety response to the inhalation of 35% CO2 (Griez
et al. 1990a; Perna et al. 1995b). Similarly, patients
with a generalized anxiety disorder had little increase
in subjective anxiety after a CO2 breath (Verburg et al.
1995a; Perna et al. 1999). Among patients with a
specific phobia, making a clear cut-distinction between
animal and situational phobics, the 35% CO2 challenge
did not affect animal phobics while situational phobics
had a CO2 induced reaction which tended to resemble
that of PD subjects (Verburg et al. 1994). Since situ-
ational phobias are closely related to agoraphobia, the
different pattern in both types of phobias is striking.
The case of social phobia is less clear as contrasting
results have been reported. According to Caldirola et
al. (1997) social phobics may be CO2 sensitive while
Verburg and coworkers (unpublished manuscript)
were unable to confirm these findings. In conclusion, it
is strongly suggested that amongst DSM-IV (American
Psychiatric Association 1994) anxiety disorders, only
patients suffering from panic type anxiety, or with dis-
orders belonging to the panic spectrum, are vulnerable
to CO2. An analysis of 135 patients using receiver
operating characteristics showed that the 35% CO2
challenge discriminates between PD and normals 
with an 86% probability of classifying them correctly
depending on the anxiety reaction triggered by CO2
(Battaglia & Perna 1995). The high discriminatory
power of a test with 35% CO2 was recently confirmed
in a larger sample of normal controls and patients 
suffering from various types of anxiety disorders
(Verburg et al. 1998). As far as other psychiatric dis-
orders are concerned, additional studies have shown
that depressive patients who have no comorbid panic
have no hypersensitivity to CO2 (Perna et al. 1995a;
Kent et al. 2001). The same applies to patients with
eating disorders (Arancio et al. 1997). In contrast,
females with late luteal phase disorder, a condition that
is thought to belong to the panic spectrum, may be CO2
vulnerable (Harrison et al. 1989; Kent et al. 2001).

A recent interesting finding suggests that not only
hypercapnia but also hypoxia may yield panicogenic
properties. Beck et al. (1999, 2000) examined respirat-
ory response and anxiety while breathing a mixture
that was 5% CO2 and 12% O2. Fourteen PD patients
and 14 matched controls underwent the test. Results
demonstrate PD patients respond with increased anxi-
ety compared to healthy controls. If confirmed these

authors administered a mixture of 5% carbon dioxide
(CO2), which was intended to allow hyperapnea with-
out hypocapnia. To the authors surprise, not the
hyperventilation but the control condition triggered
panic attacks. In subsequent studies, similar findings
were obtained in other laboratories. For instance, in
their study comparing hyperventilation and hypercap-
nia, Zandbergen et al. (1990) reported that a group 
of PD patients who obviously were not affected by 
voluntary hyperventilation, displayed an increase in
anxiety when administered a single breath of 35%
CO2 mixture. Hence, after Gorman’s and coworkers
unexpected finding, it was repeatedly confirmed that
subjects with PD, in contrast with healthy controls,
develop a panic like reaction after minutes after start-
ing breathing a mixture which is 5% hypercapnic.
Reviewing the issue, Sanderson and Wetzler (1990)
conclude that, despite big methodological differences
across different studies, it has been established beyond
any doubt that subjects with PD are hypersensitive 
to hypercapnic gas mixtures. A different method of
administering CO2 challenges has also been developed,
consisting of one single vital capacity breath of a 35%
CO2 and 65% oxygen (O2) mixture (Griez et al. 1987).
When given to healthy subjects, this type of challenge
results in a brief but strong respiratory stimulation
accompanied by neurovegetative symptoms that over-
lap largely with panic symptomatology (Griez et al.
1982; van den Hout & Griez 1984). In PD patients,
however, the same intervention induces a sharp, though
transitory rise in anxiety which has been equated 
with a real life panic attacks (Griez et al. 1987; Perna 
et al. 1994a). Administered in a controlled laboratory
environment, the single breath 35% CO2 challenge is a
brief test the effects of which are completely reversible in
a matter of seconds. Repeated studies have demonstrated
that the procedure is safe and devoid of unwanted 
consequences both in the short and the long term
(Perna et al. 1999). Thus, using this procedure, our two
laboratories have thoroughly investigated whether
CO2 vulnerability must be regarded as the expression
of a specific underlying mechanism in PD.

It has been established that CO2 triggered anxiety 
is not merely a startle reaction generated by a strong
physiological stimulus in overaroused individuals.
When administered to a mixed group of patients with
various anxiety disorders, who all had comparable 
ratings on arousal and anticipatory anxiety, the CO2
test affected only those with a diagnosis of PD (Griez 
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results might suggest that PD is associated with a gen-
eral sensitivity to abnormal respiratory signals rather
than with a specific sensitivity to hypercapnia.

Other experimental procedures used to induce panic
might be explained in the light of a panic-respiration
connection. It was already known that lactate infusion
produces unexpected respiratory effects, paradoxically
inducing an increase in ventilation, while it is known
to cause a systemic alkalosis (Liebowitz et al. 1984). In
fact it was the lactate induced hyperventilation that
prompted Gorman et al. (1984) to start studying the
effects of respiration in experimental panic/anxiety.
Similarly, also the other panicogenic compounds have
significant effects on the respiratory system. The symp-
tomatologies induced by both a 35% CO2 challenge
and a cholecystokinin-tetrapeptide (CCK-4) injection
have been found to be very similar, both interventions
yielding prominent respiratory symptoms (Bradwejn
& Koszycki 1991). Most interestingly, CCK-4 injected
to healthy volunteers produced a noticeable respiratory
stimulation (Bradwejn et al. 1998). CCK receptors have
been identified in the brain, and some of these receptors
have been associated to respiratory control (Bourin 
et al. 1996). Caffeine increases chemosensitivity to
CO2 (D’Urzo et al. 1990) and caffeine-induced anxiety
is associated with high levels of lactate possibly related
to hyperventilation (Uhde 1990). Cathecolaminergic
agents that have been reported to induce acute anxiety;
i.e., isoproterenol and epinephrine (adrenaline) are
known to stimulate respiration (Whelan & Young
1953; Keltz et al. 1972).

In summary, a bulk of facts based on the experi-
mental approach of panic in the laboratory supports 
a close link between respiratory control mechanisms
and PD. These data rely mainly on CO2 vulnerability
in PD subjects, but also on studies with lactate, CCK
and other substances thought to be panicogenic.

Central respiratory chemosensitivity

Two lines of evidence suggest that panic attacks may
originate in the brainstem (Gorman et al. 1989). The
first is the nature of the symptoms that characterize
panic attacks: all clinical signs of a panic attack can be
explained by a surge of impulses from the autonomic
nervous system. The second line of evidence is the CO2
mediated experimental provocation of panic attacks
itself. CO2 primarily acts on the brainstem, specifically

on the respiratory center, located in the reticular sub-
stance of the medulla oblongata and the pons (Guyton
1985). Considering the hyperoxic mixtures that are used
in the CO2 challenges, any influence of the peripheral
chemosensitive areas is as good as turned off. Accord-
ingly, a number of studies were directed towards a 
possible dysfunction at the level of the central chemo-
sensitive areas.

It appeared straightforward to attribute CO2 induced
panic attacks to a hypersensitive respiratory center. 
To explore CO2 chemosensitivity in panic patients the
ventilatory response to increasing CO2 concentrations
was monitored, under the hypothesis that an exag-
gerated response would testify some oversensitivity.
Other experiments attempted to evaluate the effect of
CO2 accumulation on the central nervous system (CNS)
by use of a simple breath-holding test.

Studies on the ventilatory response to CO2, i.e., the
increase in ventilation due to inhalation of increasing
concentrations of CO2, have yielded contradictory
results. This may in part be explained by a possible
lack of control of disturbing variables, and the well-
known wide inter individual variability of CO2 chemo-
sensitivity. Two main methods have been used: the
“steady-state canopy method” and Read’s rebreathing
technique. Using the first procedure, the Columbia
team reported that patients susceptible to CO2 reached
the maximum minute ventilation quicker than those
who failed to panic under CO2. In addition, they found
an enhanced “inspiratory drive” in panic patients com-
pared to subjects without PD (Gorman et al. 1988). The
same team reported an increased ventilatory response
to different levels of inspired CO2 in panic patients
compared to healthy controls (Papp et al. 1989). As far
as Read’s rebreathing technique is concerned, several
studies have been reported with contrasting results. This
method measures increase in ventilation against increase
in CO2 concentration while the subject is breathing in
a closed system. Three studies showed an enhanced
respiratory response to accumulating CO2 (Lousberg
et al. 1988; Fishman et al. 1994; Bocola et al. 1998).
Pain et al. (1988) did find a difference in respiratory
patterns, PD patients having a higher frequency of
breathing and a lower tidal volume. However, three
other studies were unable to find significant differences
between PD patients and controls (Woods et al. 1986;
Zandbergen et al. 1991b; Papp et al. 1995).

Breath-holding induces an increase of Pco2 and a
decrease of Po2 , resulting in chemoreceptor stimulation
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investigated PD subjects focusing on baseline respira-
tory physiology between panic attacks. However, cau-
tion is needed when interpreting these results, since
several measures were obtained immediately before
panicogenic challenges and procedures used to obtain
these measurements are heterogeneous. Often, data
obtained are hardly comparable. For the aforemen-
tioned reasons, data reported in the literature are
sometimes discordant. In general, most of the studies
performed to-date have failed to find significant differ-
ences in mean values of respiratory rate, tidal volume,
minute ventilation and respiratory gases between
patients with PD, healthy controls, or patients with
other anxiety disorders (Bellodi & Perna 1998). The
two main positive findings that have been replicated
are the evidence that patients with PD have a thoracic
pattern of respiration (Beck & Scott 1988) with a
strong muscular thoracic effort and the evidence that
patients with PD show an abnormal variability and
irregularity in breathing both during daytime (Bystritsky
& Shapiro 1992; Schwartz et al. 1996; Papp et al.
1997; Bystritsky et al. 2000) and during sleep (Stein 
et al. 1995).

Since respiration is a complex physiological func-
tion with multiple central and peripheral inputs,
abnormalities in its function could be more accurately
investigated by the analysis of the complexity of the
respiratory tracing rather than simply measuring the
absolute values of the parameters. Consistent and specific
respiratory abnormalities were found when the breath-
ing pattern of PD patients was studied. Patients with
PD show a greater breath-to-breath variability during 
a rebreathing test than what is usually observed in 
controls (Papp et al. 1995). Compared with healthy
subjects, patients with PD showed an increased irregu-
larity in tidal volume and minute ventilation and an
increased rate of pauses in breathing during sleep
(Stein et al. 1995; Martinez et al. 1996). In awake 
PD patients, baseline respiratory frequency and tidal 
volume were more irregular than in healthy controls
(Gorman et al. 1988; Bystritsky & Shapiro 1992;
Bystritsky et al. 2000). Patients with PD showed 
excessive sighing and they also reported tidal volume
irregularity significantly greater than in healthy con-
trols (Abelson et al. 2000, 2001) and in patients with
generalized anxiety disorder (Wilhelm et al. 2001).
Finally, the tidal volume irregularity persisted after
both doxapram-induced hyperventilation and cognitive
intervention, suggesting that it might be an intrinsic

and a strong drive to restart breathing. Using this pro-
cedure, results have been disappointing: two studies
reported a shorter breath-holding time in panic patients
than in controls (Zandbergen et al. 1992; Asmundson
& Stein 1994) while one did not (Van der Does 1997)
and yet another failed to find differences between
patients with PD and patients with generalized anxiety
disorder (Roth et al. 1998).

In conclusion, despite the supposition that the
brainstem respiratory center is involved in PD, data
reported in the literature are far from being conclus-
ive. The contradictory results suggest that the crude
methods used so far are in need of methodological
refinement and, possibly, call for technical improve-
ment. For instance, it should be noted that Berkenbosch
et al. (1989) compared Read’s rebreathing method
with the steady-state method to asses the ventilatory
CO2 sensitivity. They found that the two methods 
may produce different results in the same subject. They
argue that in Read’s rebreathing method, the increase
in ventilation is a direct function of the brain tissues
Pco2. That may sound attractive because it makes the
method very suitable for the investigation of the effects
of CO2 on the CNS. Unfortunately matters are not 
that simple, Berkenbosch and coworkers attribute the
differences between the two methods to changes in
arterial blood flow. Considering that arterial blood
flow has a marked influence on the results of these
experiments, and that PD patients, compared to normal
controls, show a different response in cerebral blood
flow on changes in arterial Pco2 (Gibbs 1992), close
monitoring of cerebral blood flow may be a prere-
quisite for studies on the ventilatory response to CO2
in PD patients. Alternatively, subjects should be used
as their own control. Yet, possible adaptive changes 
in the peripheral respiratory system (Carr et al. 1996)
should also be taken into account. In addition, other
factors have to be considered. Ideally, the subject
undergoing an assessment of his or her central chemo-
sensitivity should be nonanxious and have a regular
breathing pattern. PD patients are, by definition, 
anxiousaespecially when exposed to CO2aand may
display a usual pattern of irregular breathing.

Respiration physiology

Breathing pattern at rest may reveal some anomalies 
in ventilatory control. Accordingly, several studies
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and stable feature of patients with PD (Abelson et al.
2001).

The importance of this finding for the understand-
ing of panic etiopathogenesis is supported by the 
evidence of a higher variability in respiratory pattern
in response to 5% CO2 inhalation in relatives of panic
patients compared to relatives of healthy controls and
of affective patients (Coryell et al. 2001). Pine et al.
(1998, 2000) reported more irregularities in respira-
tory rate in children with childhood anxiety disorders
who developed panic symptoms after CO2 inhalation.
Finally, preliminary data from Perna et al. (2002) 
suggest that variability in respiration might be higher
in children of patients with PD than in children of
healthy controls. Respiratory irregularities and pattern
variability could be a physiological trait marker of
panic vulnerability able to identify subjects at risk for
panic and to promote formal and molecular genetic
studies in PD. Finally, this evidence has led researchers
(Bellodi, pers. comm.) to the formulation of new
hypotheses on the pathophysiology of PD. Normal
respiration is characterized by a synchronized action
of inspiratory and expiratory neurones and thus the
high variability observed, together with the unpleasant
respiratory sensations that ensue in patients with PD,
could be the results of a mismatch of the activity of
inspiratory and respiratory neurones. The abnormal
responses to respiratory challenges might be the expres-
sion of a deranged adaptation mechanism related to
this disregulation.

Antipanic drugs and respiration

More than 15 years ago, Gorman et al. (1985) showed
that successful drug treatment of patients with PD led
to a normalization of some respiratory biochemical
parameters (pH, Pco2 and bicarbonate). Thereafter
several studies reported data supporting the relation-
ship between respiration and antipanic medications.
Subsequently, two main lines of research have been
developed: the first investigated changes in the respira-
tory response to the inhalation of CO2 before and 
after antipanic treatment, while the second investi-
gated the modulation of CO2 induced panic/anxiety by
psychotropic drugs.

Some studies suggest that antipanic medication 
does modulate respiration physiology. Twelve weeks
of antipanic treatment with tricyclic antidepressants

decreased significantly CO2 sensitivity (expressed by
minute ventilation and end-tidal CO2) in patients with
PD, whereas there were no significant changes in the
control group with healthy subjects (Gorman et al.
1997). Similarly, clomipramine reduced the ventilat-
ory response (expressed by the respiratory frequency
and the tidal volume) in patients with PD after 10 weeks
of treatment (Pols et al. 1993) as well as fluoxetine
after 1 month of treatment (Bocola et al. 1998).

The ability of antipanic medications to decrease
panic/anxiety responses to CO2 is clearly supported 
in the literature. High potency benzodiazepines have
been repeatedly shown to decrease panic/anxiety
responses to hypercapnic gas mixtures. An acute dose
of (Nardi et al. 2000), a very short treatment (10 days)
(Nardi et al. 1999b), and a short treatment (4–8 weeks)
with clonazepam (Beckett et al. 1986; Pols et al. 1991)
and alprazolam (Woods et al. 1986, 1989; Fishman 
et al. 1994) were able to decrease CO2 induced anxiety
while conflicting results have been found on the effect
of an acute dose of alprazolam on 35% CO2 reactivity
(Sanderson et al. 1994; Pols et al. 1996a). Mono-
amino oxidase inhibitors, tricyclic antidepressants and
selective serotonin reuptake inhibitors are also able to
reduce CO2 reactivity. The anxious response to 35%
CO2 was significantly reduced already after 1 week of
treatment with toloxatone (Perna et al. 1994c), with
clomipramine and fluvoxamine (Perna et al. 1997a),
with imipramine, sertraline and paroxetine (Bertani 
et al. 1997), and with citalopram (Bertani et al. 2001).
Six weeks of treatment with fluvoxamine (Pols et al.
1996b), and 1 month of treatment with imipramine
and paroxetine (Woods et al. 1990; Bertani et al.
1995) as well significantly decreased the response to
35% CO2 in patients with PD. A recent work (Perna 
et al. in press) emphasized the ability of five different
antipanic medications (imipramine, clomipramine,
sertraline, paroxetine, fluvoxamine) in reducing CO2
hyper-reactivity. The same study reported that the
reduction of CO2 hyper-reactivity during the 1st week
of treatment was able to predict clinical response in 
the long term.

Finally, some researchers investigated the effects of
manipulations of the function of neurotransmitters 
on CO2 reactivity. Tryptophan depletion, decreasing
serotonergic tone, increases ventilation in panic patients
during room air breathing but not in healthy subjects
(Kent et al. 1996). Tryptophan depletion provokes
increased anxiety after hypercapnic inhalation in healthy
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PD specifically related to a greater familial loading.
(Perna et al. 1996). A familial association between res-
piration and PD has been also supported by a recent
study of the Columbia team (Horwath et al. 1997).
The results showed that relatives of patients with PD
with respiratory symptoms had an almost three-fold
higher risk for panic and an almost six-fold higher risk
for panic with smothering symptoms as compared with
relatives of patients without respiratory symptoms.
The authors concluded that PD with smothering symp-
toms might be a subtype of PD associated with an
increased familial risk, thus a group of interest for
genetic studies. Finally, a recent study by Coryell et al.
(2001) found an abnormal physiologic regulation of
the respiratory function in adult first-degree relatives
of patients with PD.

If the etiology of PD is strongly related to genetic
factors and if CO2 hypersensitivity is related to the
pathogenesis of PD, it can be thought that CO2
hypersensitivity is modulated by genetic influences.
This idea has been confirmed by a recent twin study
(Bellodi et al. 1998) showing that a proband-wise
significantly different concordance rate for CO2 induced
panic attacks in MZ pairs (55.6%) than in DZ pairs
(12.5%).

Finally, the role of familial-genetic factors in the
panic–respiration connection is also supported by
some preliminary results in children of panic patients.
Perna and coworkers (unpublished) have shown that
children of panic patients have higher variability of
several physiological respiratory parameters compared
to children of healthy controls.

Taken together, these studies support the idea that
the panic–respiration connection might help for a fur-
ther step trying to find out a valid “gold standard”
phenotype for genetic research. CO2 hypersensitivity
has a relevant genetic component and seems to be signi-
ficantly related to a familial vulnerability to PD. CO2
hypersensitivity might be a phenotypical expression of
a genetic vulnerability to PD even in the absence of 
PD, thus, subjects hyper-reactive to hypercapnia or
with respiration abnormalities might be considered
“affected” members in formal and molecular genetic
studies. Alternatively, hypersensitivity to CO2 might
be considered the phenotypic expression of one of the
genes involved in the “respiratory panic disease” and
thus, only the presence of both clinical panics and CO2
hypersensitivity could define the “true” phenotype for
genetic studies.

subjects (Klaassen et al. 1998) and in patients with PD
(Miller et al. 2000; Schruers et al. 2000). In contrast,
the administration of a balanced amino-acid mixture
containing tryptophan has a protective effect against
panic provocation in patients with PD (Schruers et al.
2000), while metergoline, a serotonin antagonist,
enhances CO2 induced anxiety in healthy volunteers
(Ben-Zion et al. 1999).

The genetic relationship between PD
and respiration

Genetic factors are important in the etiology of PD 
and thus, given the validity of CO2 hypersensitivity 
as a biological marker of PD, it was an obvious step 
to investigate the genetic relationships between panic 
and respiration. Studies from three different teams
suggested that there is a familial association between
PD and CO2 hypersensitivity (Perna et al. 1995d;
Coryell 1997; Coryell & Arndt 1999; van Beek &
Griez 2000). Perna et al. (1995d) tested the reactivity
to the 35% CO2 test in a group of healthy first-degree
relatives of patients with PD that had never experi-
enced panic attacks during their lifetime: healthy relat-
ives reacted significantly more than healthy subjects
without a familial history of PD, with rates of CO2
induced panic-attacks of 22% in the first group and 
of 2% in the second group. These results, suggesting
an association between hypersensitivity to hypercapnia
and familial vulnerability to PD, was confirmed by
Coryell (1997) who investigated reactivity to 35%
CO2 in groups of healthy subjects with a familial 
vulnerability to PD, to depressive disorders, and with-
out a family history of panic or depressive disorders.
CO2 induced panic attacks were reported in 45.5% of
the subjects with positive family history for PD but none
in the other two groups. Finally, van Beek and Griez
(2000) confirmed these data comparing an age–sex
matched sample of 50 healthy first degree relatives and
50 healthy controls. The association between familial
vulnerability to PD and respiration has been further
confirmed by a study investigating the relationships
between CO2 hypersensitivity in patients with PD and
familial-genetic risk for PD. Patients hyper-reactive to
the CO2 showed a morbidity risk for PD (14.4%)
significantly higher than that found in patients with a
normal reactivity to CO2 (3.9%) suggesting that CO2
hyper-reactivity might be associated with a subtype of
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Respiration and panic: conjectures 
and perspectives

In an interesting attempt that integrates a large amount
of the above data, Klein (1993) has proposed that
panic attacks result from the dysregulation of a phylo-
genetically evolved alarm system, directed to monitor
suffocation signals in the organism. This alarm system
has been evolutionarily programmed to fire when it
senses metabolic signs of asphyxia and impending
death. As a survival alert system this physiological 
suffocation monitor most likely serves a deeply rooted
adaptive function: its activation only occurs in ex-
treme life threatening circumstances. The crux of
Klein’s hypothesis is that PD represents an instance 
of repetitive misfiring in an oversensitive suffocation
monitor.

Are animals or humans equipped with an inborn
suffocation monitor? In this respect, Klein points to
the existence of the congenital central hypoventilation
syndrome. This rare condition affects infants who
apparently are born with an aberrant sensitivity to sig-
nals of hypercapnia and hypoxia. Most of these chil-
dren breathe while awake, but tend to hypoventilate
and eventually stop breathing when falling asleep.
They only survive with ventilatory support measures.
If it is correct to consider the underlying physiological
dysfunction in these children as a lack of sensitivity 
to normal suffocation signals, the existence of a bio-
logical suffocation monitor in humans is implicitly
posited.

The idea that pathological panic attacks are erro-
neous survival alerts in an inborn suffocation alarm
system opens interesting perspectives and may help 
to shed light on some crucial issues that have been 
discussed in the present chapter. For instance, it may
help in understanding the preeminence of respiratory
symptoms in panic attacks; it may help in explaining 
why patients with panic, in contrast to other types 
of anxiety, against any medical evidence, and despite
repeated reassurance, invariably feel an overwhelming
fear of dying and loosing control during their attacks.
Supposing that the suffocation monitor continuously
senses metabolic signs of asphyxia, an abnormal accu-
mulation of either aerobic or anaerobic end products,
such as CO2 and lactate, may be expected to trigger the
alarm. If the system becomes oversensitive the slightest
fluctuation of lactate or CO2 will induce a false alarm,
i.e. real-life panic. It is then readily understandable

that administration of exogenous lactate or inhalation
of CO2 triggers panic in PD subjects. Further arguments
have been discussed by Klein in several formulations 
of his hypothesis (Klein 1994, 1996a,b; Preter & Klein
1998). The most interesting point, however, is the sug-
gestion that the congenital hypoventilation syndrome
may be the pathophysiological mirror picture of PD. 
If some physiological functions implicated in the con-
genital hypoventilation syndrome are hyposensitive,
why could they not be hypersensitive in other patho-
logical conditions? Pine and coworkers have tried to
verify the hypothesis that the congenital hypovent-
ilation syndrome and PD are mirror pictures of each
other. The alleged suffocation monitoring system being
evolutionarily linked to the production of uncondi-
tional anxiety, one might expect that a hypoactive 
suffocation monitor decreases vulnerability to anxiety
in general. With this idea in mind, Pine et al. (1994)
investigated the presence of anxiety symptoms in 13
children with a congenital hypoventilation syndrome.
They were compared with a large community sample,
that included children with asthma and other chronic
medical illnesses. As predicted, children with the con-
genital central hypoventilation syndrome had the 
lowest rate of anxiety, and, worth noting, children
with asthma the highest.

A key argument in questioning Klein’s hypothesis 
is that, to-date, no suffocation alarm system has been
anatomically or functionally identified as such within
the nervous system. However, as shown in this chap-
ter, ample evidence does exist in favor of a connection
between respiration and panic. One of the strongest
pieces among this evidence is the vulnerability of panic
prone individuals to CO2 exposure. Consistently, the
search for a panic circuitry in the brain should include
those areas of the CNS that have chemosensitive prop-
erties. These structures should logically be considered
as the best candidates to fulfil the function of suffoca-
tion detector.

For a long time it has been considered that central
respiratory chemosensitivity is specifically and exclus-
ively located at the ventral surface of the medulla. This
view may now be superseded. Recent findings support
the idea that CNS chemosensitive areas extend to 
several brainstem nuclei including the nucleus tractus
solitarius (NTS), the locus ceruleus (LC) and the raphe
nuclei, all of these structures being part of a broad
brainstem respiratory network (Coates et al. 1993;
Nattie 1999).
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thalamus (Grove et al. 1997). Thus the serotonergic
system may largely influence the above suggested 
monitoring system of vital functions.

LC stimulation, however, produces activation in
other brain areas. Specifically, there is a rich efferent
network from the LC to the limbic structures connect-
ing the putative vital monitoring system to the panic/
anxiety circuitries that have recently been reviewed by
others (see Coplan & Lydiard 1998). Noteworthy, also
at a limbic level, structures such as the amygdala, hypo-
thalamus, thalamus and the limbic circuit in general
may reportedly become activated by hypercapnia and
hypoxia (Corfield et al. 1995; Dempsey & Pack 1995).

An additional note is worth mentioning. The poten-
tial role of hypoxia as a signal of asphyxia, and the 
suggested sensitivity of PD patients to anoxia have
been briefly evoked elsewhere in this chapter. There is
some evidence from animal studies that the amygdala
and the hyppocampus are particularly sensitive to
anoxic stimulation. Together with evidence of strong
connections between the amygdala and the carotid
body, the direct sensitivity of amygdala to acid-base
changes, and the interconnections between the amyg-
dala and the parabrachial nucleus (Takeuchi et al.
1982) this may delineate another pathway, a so called
anoxia pathway, linking respiratory signals and panic
(Coplan & Lydiard 1998).

Finally, since basic physiological functions in the
organism are strictly interrelated in a neural network
with reciprocal modulations, abnormal function of the
respiratory system does not necessary imply an intrin-
sic instability in the control of that system but might be
the expression of perturbations of other systems, or
from a more general dysfunction of the homeostatic
brain. The latter possibility seems to be supported by
studies reporting evidences for a disregulation of the
cardiovascular and the balance systems in PD patients.
Cardiovascular and respiratory functions are highly
interconnected and fluctuations in cardiac output or in
cerebral blood flow could influence the entity and the
time-course of the chemoreflex response by inducing
variations in gas exchanges and in circulatory function
(Khoo 2000). PD patients show a decrease in cardiac
vagal function and a relative increase in sympathetic
activity, with a decreased global heart rate variability,
leading to a reduced and abnormal flexibility and
adaptability to external/internal inputs. The brainstem
respiratory network is also highly interconnected with

The ventral medulla, the NTS and the LC are 
intimately interconnected. Electrical stimulation of the
ventrolateral medulla causes increased firing in the LC
(Saper 1987), which is under afferent control originat-
ing in the brainstem. Indeed, the vast majority of the
impulses to the LC comes from two nuclei in the ros-
tral medulla, the nucleus prepositus hypoglossi and 
the nucleus paragigantocellularis, of which the latter 
is a crossroad for autonomic integration, namely car-
diorespiratory functions(Aston Jones et al. 1986).

The LC, a small bilateral nucleus located in the rostral
pons, contains the highest density of noradrenergic
cells in the CNS, accounting for more than half of all
central noradrenergic neurones (Svensson 1987). In a
series of experiments conducted in the 1980s, Elam and
coworkers showed that changes in internal state such
as hypercapnia, hypoxia, blood volume loss, or dilata-
tion of the digestive tract is followed by LC activation
(Elam et al. 1981, 1984, 1985, 1986a,b). Changes that
represent a vital threat to the organism, i.e. hypercapnia,
hypoxia and blood loss, induce the most dramatic 
LC activation (Elam et al. 1986b). Accordingly there
are grounds for considering the LC and the above
chemosensitive brainstem structures as a system that
monitors vital functions in the organism.

Finally, the raphe nuclei represents another major
chemosensitive area. This is no real surprise: both 
the metabolism (De Yebenes Prous et al. 1997) and the
reuptake of 5-HT (Mueller et al. 1982) are known to
be influenced by hypercapnia, and the raphe represents
the major serotonergic structure in the CNS. Also, the
stimulation of the serotonergic pathways has been
known for years to depress ventilation (Lundberg et al.
1980), possibly reducing the ventilatory response to
CO2 (Muller et al. 1982; Eriksson & Humble 1990).
Within, or at least near, the raphe nuclei (Bernard & Li
1996; Veasey et al. 1997) there are neurones with
specific chemosensitive function and some authors
have recently suggested that they might be essential for
a full expression of the ventilatory response to hyper-
capnia (Dreshaj et al. 1998). The two main rostral
nuclei, the medial raphe nucleus (MRN) and the dorsal
raphe nuclei (DRN), may play a crucial modulating
role in the panic neuroanatomical circuitry. In respect
to the LC, the DRN receives excitatory projections and
itself inhibits the firing of the LC in a mutually regulat-
ory feedback mechanism. The MRN simply receives
inhibitory projections from the LC and the lateral hypo-
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the vestibular nuclei to maintain blood gas homeostasis
during movement and changes in posture (Balaban &
Thayer 2001). Recently, we found that many PD pati-
ents have subclinical abnormalities in their balance
system function and that symptomatological reactivity
to CO2 is correlated to some static posturography
parameters (Perna et al. 2001). Therefore, the connec-
tion between disordered respiration and panic, as dis-
cussed in the present chapter, might arise from a more
global and complex abnormality in the integration of
the brainstem neuronal circuits that regulate physio-
logical homeostasis in general.
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have been used to evaluate panicogens, and then 
propose modifications to these criteria against which
panicogens are evaluated as models of panic. Against
these modified criteria, we will then evaluate each 
panicogen.

Criteria for a panicogenic agent

Existing criteria for a panicogenic agent

According to the criteria outlined by Guttmacher et al.
(1983) and Gorman et al. (1987) an ideal panicogenic
agent should have the following properties:
1 The agent should be safe for routine administration
to humans.
2 The agent should induce a sudden crescendo increase
in both affective (e.g. anxiety, fear, apprehension) and
somatic (e.g. dyspnea, palpitations, choking, sweat-
ing) symptoms of panic.
3 The agent should provoke panic attacks which
approximate naturalistic ones. Rather than produ-
cing a stereotypical panic attack or one that is much 
different from a patient’s usual experience, an ideal
panicogen should elicit panic attacks that are identical
or very similar to those normally experienced.
4 The agent should be specific to panic disorder (PD)
patients: this can be expressed in one of two ways:
either the induced attack occurs exclusively in PD
patients (absolute specificity), or the induced attack
occurs in PD patients at a lower dose relative to other
subjects (threshold specificity).
5 Reactivity to the agent should be reliable on retest-
ing without desensitization.
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Introduction

The pharmacological induction of anxiety has been used
experimentally to study adaptive and pathological
anxiety under controlled conditions. Pharmacological
models of anxiety have a number of potential uses; they
can provide insight into the underlying pathophysiology
of various anxiety disorders, they serve as tests to evalu-
ate putative anxiolytic/antipanic compounds, they are
a method for identifying at risk individuals, and they can
be used as a diagnostic tool (Guttmacher et al. 1983).
As pharmacological models of anxiety are an artificial
representation of naturally occurring phenomena, they
are useful only to the extent that they elicit features
that reflect the diverse behavioral and neurochemical
concomitants of clinical anxiety. Empirical validation
of chemical models of anxiety using established criteria,
such as those outlined by Guttmacher et al. (1983),
represents an important step in the development of
empirically valid chemical models of human anxiety.

By far the most extensively studied anxiety pheno-
menon is panic attacks, and the pharmacological probes
that are used are called panicogens. Experimental lim-
itations to the access of pathophysiological changes in
the human brain during panic, along with its episodic
and complex nature, have historically plagued scient-
ific investigation into their nature. Pharmacological
models of panic can provide researchers with insight
into the endogenous neurocircuitry instrumental to the
expression of panic attacks and stimulate the devel-
opment of pharmacological interventions. The goal 
of this chapter is to review some of the best studied 
panicogens. We will first review existing criteria that
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Physiology
8 Behavioral response to the agent should be accom-
panied by broad cardiorespiratory activation.
9 Behavioral response to the agent should be accom-
panied by activation of the hypothalamic–pituitary–
adrenal (HPA) axis.

Explanation of the expansion
In addition to the basic properties that a panicogen
might possess in order to make it a useful investigative
tool, ongoing research has revealed much regarding
the symptoms and disease specificity as well as physio-
logical mechanism. Most panicogens show relative
specificity to elicit panic attacks in PD patients over
control subjects rather than the absolute specificity, or
provocation of panic only in PD patients, which was
previously expected. In addition, panicogens have been
shown to have a differential effectiveness to elicit panic
attacks in patients with different anxiety disorders.
This may suggest differential involvement of different
neuroanatomical substrates and different organ systems
in different anxiety disorders, and further that these
brain circuits are present in normal healthy volunteers.
Perhaps panic attacks do not involve the expression 
of a totally different brain circuitry, but rather a differ-
ential homeostasis of the same circuits that operate in
health and different anxiety disorders. Further deline-
ation and analysis of these critical systems will lead to
a better understanding of panic as it occurs in different
illnesses.

On the other side of syndrome selectivity of panico-
genic agents is the issue of symptom selectivity of the
agent. Investigators have explored whether panicogens
could elicit core symptoms of other anxiety disorders,
such as flashbacks in PTSD, blushing and a sense of
being scrutinized in social anxiety disorder (SAD),
obsessions and compulsions in obsessive-compulsive
disorder (OCD), and persistent uncontrollable worry
in generalized anxiety disorder (GAD) with some 
positive results. Although it is tantalizing to con-
sider the possibility that there might be pharmaco-
logical challenges that can provoke symptoms of other
anxiety syndromes besides panic attacks and allow
study of these phenomena, such properties would 
not be in keeping with the idea of an “ideal” panico-
gen. The interpretation of these data is complex as 
the elicitation of nonpanic anxiety by a panicogen 
may mean that panic circuits have been rewired to

6 Reactivity to the agent should be blocked by antipanic
drugs.
7 Reactivity to the agent should not be blocked by
inert/nonantipanic drugs.

Expanded criteria for a panicogenic agent

In this chapter we propose the following modifications
of these criteria. First, we have grouped the criteria 
in order to more easily breakdown discussion of each
panicogen. Next we have made some amendments in
order to include our increasingly sophisticated know-
ledge of how panicogens work, and how the brain
works in health and mental illness.

Basic properties
1 The agent should be safe for routine administration
to humans
2 The agent should induce a sudden crescendo increase
in both affective (e.g. anxiety, fear, apprehension) and
somatic (e.g. dyspnea, palpitations, choking, sweating)
symptoms of panic.
3 The agent should provoke panic attacks that approx-
imate naturalistic ones. Rather than producing a
stereotypical panic attack or one that is much different
from a patient’s usual experience, an ideal panicogen
should elicit panic attacks that are identical or very
similar to those normally experienced.
4 Reactivity to the agent should be reliable on retest-
ing without desensitization.

Specificity
5a Syndrome specificity. The agent should be relat-
ively specific to PD versus normal controls and 
other psychiatric syndromes. That is, the threshold to
panic should be lower in PD versus other diagnostic
groups.
5b Symptom specificity. The agent should trigger
mechanisms which are specific to panic attacks and
not elicit core symptoms of other anxiety syndromes
(e.g. flashbacks in post-traumatic stress disorder
(PTSD)).

Clinical validation
6 Reactivity to the agent should be blocked by anti-
panic drugs.
7 Reactivity to the agent should not be blocked by
inert/nonantipanic agents.

CHAPTER 15

270



PHARMACOLOGICAL CHALLENGE AGENTS

cause other symptoms in a diseased brain, that the
same circuits used in panic are being reused in different
anxiety phenomena, or that the challenge agent is 
simply nonspecific. When a panicogen does elicit core
symptoms of other anxiety syndromes it may not be
“ideal,” but the results do provoke interesting discus-
sion of the biological underpinnings of these varied
experiences.

We have also added criteria of physiological activa-
tion in order to help distinguish mechanisms at work
in panic. Studies of “placebo” provoked panic attacks
with no active chemical provocation have yielded
much information about the basic properties of panic
anxiety. These situationally provoked panic attacks
are associated with increased cardiorespiratory activa-
tion such as heart rate, blood pressure, and minute
ventilation beginning immediately before subjective
symptoms of a panic attack (Goetz et al. 1993). We
contend that panicogens should ideally activate the
cardiorespiratory axis. In addition to the more obvi-
ous cardiorespiratory activation in panic, there is
emerging recognition of the involvement of the 
HPA axis in the mediation of many forms of anxiety
including panic (Charney & Bremner 1999). These 
differences in hormonal profile are starting to con-
tribute significantly to discussions of the etiology of 
all anxiety disorders. In situational panic attacks 
there is evidence of the activation of the HPA axis 
with increases in serum cortisol and growth hormone
(Woods et al. 1987). In addition, there is increased
plasma prolactin and changes in cortisol and growth
hormone (Cameron et al. 1987) as well as increases 
in salivary cortisol (Bandelow et al. 2000) with spon-
taneous panic attacks.

It is exciting that our definition of “core” anxiety
symptoms of each anxiety disorder is still evolv-
ing and may be increasingly biologically orientated. 
So far, nosology has been largely driven by exter-
nally observed or reported phenomenology rather 
than direct brain activity measures. Challenge stud-
ies will continue to help determine future classifica-
tion of anxiety. As brain imaging improves, it may 
be possible to use an array of pharmacological 
challenge agents with different profiles of anxiety 
elicitation to correlate signs and symptoms of dif-
ferent disorders with brain activity and perhaps 
even tailor treatments according to brain responses 
to challenges.

Agent-by-agent review of panicogens

Table 15.1 lists the panicogens that will be reviewed in
this chapter, grouped according to their putative
mechanism of action.

Sodium lactate

Sodium lactate is one of the most extensively studied
panicogens, having been discussed in relation to anxi-
ety since the 1940s. It was found that patients with the
old diagnosis of “anxiety neurosis” developed higher
levels of blood lactate with a standard exercise chal-
lenge (Cohen & White 1951), suggesting that it is asso-
ciated with anxiety. This led to the first intravenous
infusion of lactate in patients with anxiety neurosis to
provoke anxiety attacks in 1967 (Pitts & McClure
1967). As a putative panicogen, this agent fulfils basic
panicogen criteria and shows relative specificity, but it
elicits other core anxiety symptoms and its physio-
logical effects are inconsistent.

Basic properties
Detailed phenomenological work has shown that 
standard infusions (about 0.5 m sodium lactate 
solution at 10 mL/kg over about 20 min) of sodium
lactate safely provokes panic attacks which include
both affective and somatic symptoms of panic and
which resemble patients’ naturally occurring attacks
(Liebowitz et al. 1984; Rainey et al. 1984a; Goetz et al.
1996). The reliability of lactate to produce panic
attacks on repeated testing has not been studied, and 
in fact may be in question. Bonn et al. (1971) noted a
decrease in anxiety with 3 weeks of twice-weekly lact-
ate provocations, suggesting a possible therapeutic use
of lactate to decrease anxiety. However, more recent
work showed only a decrease in preinfusion anxiety 
on three serial infusions at 1-week intervals with 
essentially no change in panic attack frequency in PD
patients (Yeragani et al. 1988).

Specificity
It has been consistently shown that PD patients are
more vulnerable to lactate-induced panic than normal
controls (Liebowitz et al. 1984; Rainey et al. 1984a;
Balon et al. 1988; Aronson et al. 1989; Den Boer et al.
1989; Cowley & Arana 1990). Lactate hypersensitiv-
ity is also evident in other conditions. Patients with
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fibromyalgia and possibly bulimia may share some
neurobiological characteristics that render them all the
more sensitive to lactate-induced panic that differentiate
them from patients with SAD, OCD and depression.

As for the symptom-specificity of lactate, one study
found flashbacks associated with panic attacks induced
by lactate in combat veterans with PTSD and comorbid
PD (Rainey et al. 1987), and another study demon-
strated flashbacks in noncombat-related PTSD patients
(Jensen et al. 1997). This work suggests that lactate
may be a useful probe to study flashbacks and perhaps
other dissociative phenomena, but it renders lactate a
less than ideal panicogen according to our criteria as 
it elicits more than just panic. In addition, lactate has
been shown to elicit rage symptoms in perpetrators of
domestic violence (George et al. 2000), further cloud-
ing its specificity.

Clinical validation
Various antipanic agents have been tested as to their
ability to block lactate-induced panic. Acute treatment

GAD panicked at higher rates than controls, but not as
high as PD patients (Cowley et al. 1988), suggesting
that there may be some shared mechanisms involved in
the panic of GAD and PD, but perhaps some important
differences as well. Patients with premenstrual dysphoric
disorder (PMDD) (Facchinetti et al. 1992; Sandberg 
et al. 1993) and fibromyalgia (Tanum & Malt 1995)
are also more prone to panic with lactate infusion 
than normal controls. Bulimic patients demonstrated
an enhanced sensitivity to lactate-induced anxiety but 
not panic than controls (George et al. 1987; Pohl et al.
1989), but in another study, lactate-induced panic 
was less in bulimics than controls (Lindy et al. 1988).
Patients with SAD and OCD have been found to
respond very similarly to lactate as healthy controls
(Gorman et al. 1985; Liebowitz et al. 1985a). In addi-
tion, there appears to be no significant effect of depres-
sion on lactate-induced panic among panic patients
(Cowley et al. 1986; Buller et al. 1989; Targum 1990),
or nonpanic patients (Cowley et al. 1987). Overall, the
data suggest that patients with PD, GAD, PMDD,
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Agent Putative mechanism

Metabolic/respiratory 
(nonspecific) stimulants
Sodium lactate Metabolic or direct
Sodium bicarbonate Induces metabolic alkalosis
CO2 Stimulant of medullary chemoreceptors
Doxapram Stimulant of carotid chemoreceptors
Caffeine Intracellular modulator

Noradrenergic
Norepinephrine* Adrenergic agonist
Yohimbine Adrenergic α2-receptor antagonist
Isoproterenol Peripheral β-receptor agonist

Serotonergic
Fenfluramine 5-HT releaser + reuptake inhibitor
mCPP Nonselective agonist of 5-HT receptors

GABAergic
Flumazenil GABA antagonist/inverse agonist

Peptidergic
CCK-4 Agonist of CCK-B receptor
Pentagastrin Agonist of CCK-B receptor

*Noradrenaline.
CCK, cholecystokinin; CCK-4, cholecystokinin-tetrapeptide; CO2, carbon dioxide; GABA,
γ-aminobutyric acid; 5-HT, 5-hydroxtryptamine; mCPP, m-chlorophenylpiperazine.

Table 15.1 Panicogens reviewed in
this chapter grouped according to their
putative mechanism of action.
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with the benzodiazepines alprazolam (Cowley et al.
1991) and diazepam (Liebowitz et al. 1995), and the
adrenergic antagonist clonidine (Coplan et al. 1992a),
as well as long-term treatment with tricyclic anti-
depressants (Rifkin et al. 1981; Yeragani et al. 1988),
monoamine oxidase (MAO) inhibitors (Kelly et al.
1971), and benzodiazepines (Carr et al. 1986; Pohl 
et al. 1994) all partially reduce sensitivity to lactate-
induced anxiety in PD patients. However, acute admin-
istration of the β-adrenergic blocker, propranolol, was
ineffective at blocking or modulating lactate-induced
panic in PD and control subjects (Gorman et al. 1983).
Since there is no identified lactate receptor no specific
lactate blocker has been studied. Placebo nonblocking
has been demonstrated in the above studies.

Physiology
Increases in heart rate, blood pressure and hyperven-
tilation have been found to accompany lactate-induced
panic (Liebowitz et al. 1985b; Gorman et al. 1988a;
Cowley & Arana 1990). It is interesting that no con-
sistent correlation between lactate challenge and plasma
HPA-axis hormones, including cortisol, prolactin,
luteinizing hormone and growth hormone, has been
demonstrated (Liebowitz et al. 1985b, 1986; Carr et al.
1986; Levin et al. 1987; Hollander et al. 1989; Targum
1992). However, an analysis of 10 years of lactate
studies at one institution suggested that high plasma
cortisol is a factor in the preinfusion period that pre-
disposes subjects to lactate-induced panic (Coplan 
et al. 1998). The authors of this study postulated that
HPA-axis activation may be specific to anticipatory
anxiety rather than to acute panic itself. One possible
explanation of HPA axis nonresponsiveness in lactate-
induced panic has been offered by Kellner et al. (1995,
1998). They relate that lactate increases atrial naturetic
factor (ANF) by increasing cardiac output. Apparently
ANF suppresses cortisol release. On the other hand,
however, other panicogens also increase cardiac output,
yet do cause a cortisol response. Prolactin is the one
pituitary hormone that increases with lactate infusion,
but it occurs in subjects whether or not they panic, 
possibly reflecting a response to the osmotic stress of
the infusion (Hollander et al. 1989).

Mechanisms
Several hypothetical mechanisms of sodium lactate-
induced panic have been proposed and debated. They
range from nonspecific metabolic or neurovascular

mechanisms to indirect mechanisms involving neuro-
hormones, to stimulation of a specific receptor or the
anatomically susceptible brain region.

After it was discovered that the inhalation of 5%
carbon dioxide (CO2) induced panic, it was proposed
that both lactate infusion and CO2 inhalation caused
increasing Pco2, which acted on central (medullary)
chemoreceptors to cause panic. However, intravenous
lactate in nonhuman primates did not change cisternal
Pco2 during or after lactate infusion (Dager et al. 1990).
In addition, there was poor correlation between lactate-
induced panic and depression of plasma ionized calcium
or phosphate, epinephrine (adrenaline), norepinephrine
(noradrenaline), or cortisol increase (Liebowitz et al.
1985b, 1986). Finally, glucose, but not chloride, co-
administration with lactate reduced the sensitivity of
both healthy volunteers and PD patients to panic with
lactate infusion, perhaps due to sympathetic attenu-
ation (George et al. 1995).

As for the possibility of a lactate receptor, none have
been found and infusion of the supposedly inactive
enantiomer of l-lactate, d-lactate, is actually similarly
panicogenic (Gorman et al. 1990a), further confirming
the need for lactate metabolism for lactate-induced
panic, and requiring any possible lactate receptor to 
be similarly stimulated by the two enantiomers. A 
simpler explanation of these data is that both lactate
enantiomers act by causing alkalosis, which in turn,
activates a panic circuit. However, PD patients who
panicked with lactate did not develop greater plasma
alkalosis than nonpanicking patients (Liebowitz et al.
1986), suggesting that no absolute pH threshold exists
for panic to occur in vulnerable patients. In addition,
alkalosis induction by hyperventilation (Gorman et al.
1984) or bicarbonate infusion (Gorman et al. 1989)
has been less effective than lactate infusion to cause
panic.

Brain imaging work with lactate has focused on
finding specific neuroanatomical regions of differential
activity with lactate-induced panic. Work with positron
emission tomography (PET) and proton magnetic 
resonance spectroscopy (MRS) has raised the question
of increased uptake of lactate in temporoparietal cortex
in lactate-induced panic (Reiman et al. 1986, 1989),
but methodological difficulties have forced retraction
(Drevets et al. 1992). Shekhar and Keim (1997) suggest
a circumventricular brain region (the organum vascu-
losum lamina terminalis) which is not well-protected
by the blood–brain barrier, as a lactate-sensitive site
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et al. 1989). However, comparing first-degree relatives
of PD patients who responded to lactate to nonrespon-
ders failed to find any differences in lactate sensitivity
(Reschke et al. 1995). This work is still unclear because
of methodological difficulties such as small sample
sizes, and further work is required to show any genetic
aspect to lactate sensitivity or define a genotypically
distinct PD subtype that is more lactate-sensitive.

In summary, lactate is a safe and effective panicogen
but appears to be a nonspecific brain irritant that may
affect a number of brain areas, apparently without
activating hormonal systems.

Hypertonic saline

Acute increases in serum sodium or osmolarity by
hypertonic saline can produce panic without alkalosis
(Jensen et al. 1991), but there is little detailed work
using this challenge agent in the literature. Various
specific explanatory hypotheses have been proposed
but not yet studied. Hypertonic saline is equivalent 
to lactate in inducing panic and increases in serum
sodium, and plasma vasopressin in PD patients, with
no normal controls experiencing panic (Peskind et al.
1998). Likely, hypertonic saline may present a relatively
nonspecific stressor like lactate with some differential
sensitivity seen in PD.

Carbon dioxide

Like sodium lactate, CO2 has received considerable
empirical attention in relation to its panicogenic prop-
erties (see also Chapter 14). This agent fulfils basic cri-
teria and shows relative specificity but its physiological
effects are inconsistent.

Basic properties
Inhalation of CO2-enriched air has been shown to
cause safe (Harrington et al. 1996), dose-related panic
attacks in adults (Woods et al. 1988a,b,c). Methods
include continuous breathing of 5% or 7.5% CO2 to a
point of panic (Gorman et al. 1984), as well as single-
breath inhalation of 35% CO2 (van den Hout & Griez
1984). Inhalation of low concentrations of CO2 has
also been shown to safely provoke anxiety and panic
attacks in children with anxiety disorders (Pine et al.
1998, 2000). The CO2 challenge provokes crescendo
increases in affective and somatic symptoms of panic in
an apparently naturalistic fashion. Test–retest reliability

whose activation leads to autonomic activation and
panic when γ-aminobutyric acid (GABA) neurotrans-
mission is inhibited in the dorsomedial hypothalamus.
These investigators propose a mechanism for the pani-
cogenesis of lactate that involves direct stimulation of
this brain region by lactate, resulting in activation of 
a compromised panic-generating circuit such as the
dorsomedial hypothalamus or amygdala. However,
this hypothesis is contradicted by Dager et al. (1999),
who failed to find any distinct regional patterns of
brain lactate rise to support any specific neuroanatom-
ical substrate of lactate-induced panic. This result
brings us back to the concept of lactate as a relatively
nonspecific metabolic or neurovascular panic-inducing
irritant.

The neurotransmitter mechanisms involved in 
lactate-induced panic are not fully understood. The
apparent lack of effect of intravenous propranolol 
on lactate-induced panic suggests that this agent does
not produce its effects via β-adrenergic mechanisms
(Gorman et al. 1983). However, lactate vulnerability is
decreased with clonidine, implicating the α-adrenergic
system as a possible mechanism. GABAergic mechan-
isms may also play a role in lactate-panic. Pretreatment
with benzodiazepines (e.g. Cowley et al. 1991) and 
the mood stabilizer valproate (which enhances GABA
neurotransmission) (Keck et al. 1993) block lactate-
panic, and lactate infusion decreases serum GABA (Balon
et al. 1993). Lactate-blockade with tricyclic anti-
depressants (Yeragani et al. 1988) and MAOIs (Kelly 
et al. 1971) also suggest that serotonin and noradren-
ergic mechanisms are important in some aspects of 
lactate-induced panic.

Other possible mechanisms of lactate vulnerability
include psychological factors, such as cognitive and
behavioral reactivity (Shear 1986), and genetics. Shear
et al. (1991) reported that cognitive behavior therapy
partially decreased lactate sensitivity, presumably by
altering the tendency of patients to catastrophically
misinterpret arousal symptoms. Evidence for a genetic
influence on lactate vulnerability is supported by find-
ings that patients whose lactate-induced panic resem-
bled their clinical panic had a greater familial risk for
panic attacks than relatives of those who responded to
lactate in a nonnaturalistic way, or had no response
(Cowley & Dunner 1988). Another study found that
relatives of healthy volunteers who panicked in response
to lactate had a higher rate of anxiety disorders than
did relatives of nonpanicking healthy volunteers (Balon
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of CO2-induced anxiety has been demonstrated in
patients with PD (Perna et al. 1994; Bertani et al. 1997;
Verburg et al. 1998), although desensitization to fre-
quent repeated administration of CO2 has also been
reported (Griez & van den Hout 1986). CO2 has not
been found to reliably induce panic attacks in healthy
volunteers (Coryell & Arndt 1999), but this may be
due to variability in inhalation patterns of subjects
across trials.

Specificity
It has been consistently demonstrated that vulnerabil-
ity to CO2-induced panic is enhanced in PD patients
versus normal controls (Woods et al. 1986; Papp et al.
1989). In addition, subjects who experience sporadic
panic attacks but who do not meet criteria for PD react
similarly to CO2 as patients with PD but more intensely
than healthy controls, suggesting that CO2 sensitivity
may be a trait marker of panic attacks rather than PD
(Perna et al. 1995a). Exaggerated response to CO2 is
not limited to PD since individuals suffering from SAD
(Papp et al. 1993; Caldirola et al. 1997), specific pho-
bias (Verburg et al. 1994; Antony et al. 1997) and
PMDD (Kent et al. 2001) are more likely to panic with
CO2 than normal controls. However, the threshold of
panic vulnerability appears to be lower in PD relative
to these other disorders (Caldirola et al. 1997; Kent 
et al. 2001). Enhanced vulnerability to CO2-induced
panic has not been observed in patients with GAD
(Verburg et al. 1995; Perna et al. 1999a), although one
study (Verburg et al. 1995) noted that GAD and PD
patients exhibited comparable increases in somatic
symptoms of panic, suggesting some common charac-
teristics in these illnesses. Patients with OCD (Perna 
et al. 1995b) and major depression (Perna et al. 1995c;
Kent et al. 2001) react similarly to CO2 as healthy con-
trols. These data suggest that there is a spectrum of
CO2 vulnerability, with sensitivity being lowest in OCD,
major depression and normal control subjects and
highest in PD. So far, CO2 inhalation is not known to
elicit core symptoms of other anxiety disorders.

Clinical validation
Several antipanic drugs have been shown to attenuate
vulnerability to CO2-panic in PD patients. CO2-block-
ade has been demonstrated with long-term treatment
with imipramine (Woods et al. 1990), fluvoxamine
(Pols et al. 1996a), alprazolam (Woods et al. 1986)
and clonazepam (Pols et al. 1991). Reactivity to CO2 is

also diminished following 1-week treatment with the
reversible MAOI toloxatone, the tricyclic antidepress-
ants imipramine and clomipramine, and the selective
serotonin reuptake inhibitors (SSRIs) paroxetine, fluvox-
amine and sertraline (Perna et al. 1994; Bertani et al.
1997; Perna et al. 1997). Blockade of CO2-induced
panic following acute alprazolam treatment has been
demonstrated in some (Woods et al. 1989; Sanderson
et al. 1994; Nardi et al. 2000) but not all studies (Pols
et al. 1996b). Methodological differences may account
for variable results. It is also notable that consumption
of alcohol diminishes sensitivity to CO2 in PD patients
(Kushner et al. 1996), a finding that sheds light on the
mechanisms which contribute to high rates of alcohol
abuse in PD. Placebo nonblocking has been shown in
the above studies.

Physiology
CO2-induced panic is associated with cardiorespir-
atory activation including increased respiratory rate 
and blunted tidal volume response, tachycardia, and
increased blood pressure (Gorman et al. 1988b; Papp
et al. 1997; Bystritsky et al. 2000; Bailey et al. 2001).
Surprisingly, the effect of CO2 challenge on HPA-axis
activity has not been extensively studied and existing
studies have produced disparate results. Sinha et al.
(1999) found that inhalation of low doses of CO2 (5%
or 7%) did not produce significant increases in cortisol
release in either PD patients or normal controls, sug-
gesting that this panicogen does not activate the HPA
axis. However, Bailey et al. (2001) recently found 
that inhalation of 35% CO2 increased cortisol release
in normal controls. Methodological differences may
account for disparate findings. Clearly, further research
is needed to clarify CO2’s effect on the HPA axis.

Mechanisms
The mechanisms of CO2-induced panic have been 
the subject of much attention and debate with much
comparison to lactate. It makes sense that inhalation
of CO2 and the resultant acidosis might be associated
with compensatory hyperventilation as in a panic attack
(Gorman et al. 1990b). However, the body’s normal
homeostatic response to a metabolic alkalosis, which
also occurs with lactate challenge, is hypoventilation,
as a compensatory measure, resulting in normalizing
an elevated blood pH. Yet during naturally occurring
panic attacks PD patients paradoxically hyperventilate,
suggesting that the attacks (whether they are associated
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Others have looked for differences in neurotrans-
mission to explain sensitivity to CO2-induced panic.
Panicogenicity to CO2 inhalation is increased with
serotonin antagonism with metergoline (Ben-Zion 
et al. 1999) and tryptophan depletion (Miller et al.
2000; Schruers et al. 2000) and decreased with SSRIs
(Pols et al. 1996a; Bertani et al. 1997; Perna et al.
1997). These data, in addition to studies demonstrat-
ing blockade of CO2-panic with benzodiazepines and
tricyclics antidepressants, suggest that serotonin, GABA
and noradrenergic neurotransmission are important in
some aspect of CO2-induced panic.

The influence of genetics on CO2-induced panic has
also been considered. An Italian group has amassed
fascinating evidence that CO2 sensitivity reflects a 
trait marker that runs in families (Perna et al. 1995d,
1999b; Bellodi et al. 1998). These researchers suggest
that CO2 sensitivity may be considered a phenotypic
expression of an underlying genetic vulnerability that
may exist before the clinical onset of PD (Cavallini 
et al. 1999). Genetic mechanisms proposed include 
differential expression of chemoreceptors and neuro-
transmitter system activation. The ultimate isolation
of genetic markers could lead to preventative measures
for vulnerable individuals.

In summary, CO2 is another safe and effective pani-
cogen that has been considered to work primarily by
stimulating hyperventilation. It remains to be under-
stood whether sensitivity to CO2 and the associated
hyperventilation is a characteristic of all normal subjects
and PD patients when they have panic attacks (part of
standard “panic circuits,” for instance). It is possible
that CO2 sensitivity is associated with a specific sub-
type of PD, a hypersensitive homeostatic response
(“suffocation alarm”), or simply an indirect cause of
panic through nonspecific irritation of any number of
chemical or mechanical receptors.

Caffeine

Caffeine is a xanthine derivative that is widely used 
as a psychostimulant. The results of a self-report 
survey demonstrating that PD patients are more 
reactive to caffeine than normal controls and affect-
ively ill patients (Boulenger et al. 1984), suggested 
that the caffeine challenge might be a useful bio-
logical model of panic. This agent fulfils some 
basic criteria, but is unreliable and has a complex 
physiology.

with the respiratory acidosis of CO2 inhalation, the
metabolic alkalosis of lactate, or PD with a normal
serum pH) involve hyperventilationaeven when it
might result in an abnormal serum pH.

It has been hypothesized that PD patients are prone
to hyperventilate because of a hypersensitive “suffoca-
tion alarm” (Klein 1993) system whereby increasing
Pco2 and brain lactate concentrations prematurely
activates a physiological asphyxia monitor. A number
of groups have tried to test this hypothesis. Asmundson
and Stein (1994) attempted to test the “suffocation
alarm theory” of panic by examining the length of time
patients with PD could hold their breath. Indeed, they
found that these patients could hold their breath for
significantly less time than controls despite no end-tidal
CO2 differences. Along these lines, Pine and associates
(Pine et al. 1994) demonstrated that subjects who are
unable to perceive hypercapnia because of a congenital
central hypoventilation syndrome (CCHS) exhibited a
trend towards decreased rates of anxiety disorders com-
pared to children with asthma, and also significantly
fewer anxiety symptoms than controls. In addition, Biber
and Alkin (1999) found that panic patients with pro-
minent respiratory symptoms were more sensitive to
CO2 challenge. This suggests that CO2 may differentiate
a possible respiratory versus nonrespiratory type of PD.

Other studies do not support the universality of the
“suffocation alarm” theory of panic attacks. Schmidt
and associates (Schmidt et al. 1996) found significant
numbers of PD patients who did not experience panic
attacks despite inspired Pco2 levels in excess of 100
times room air. They argue that response to CO2
can be explained cognitively, as do many others (e.g.,
Salkovskis & Clark 1990). Many have proposed that a
wide range of biochemical panicogens, including CO2,
work by creating physical sensations associated with
panic which may be overinterpreted by the brains of
PD patients and lead to the activation of panic circuits,
rather than via the stimulation of some specific bio-
chemical pathway. However, the mitigating effect of
cognitive mediational variables on CO2 vulnerability
has not been supported in all studies (reviewed by Nutt
& Lawson 1992; Koszycki & Bradwejn 2001).

Another possible explanatory theory is that hyper-
ventilation leads to local relative vasoconstriction 
in the brains of PD patients (Mathew & Wilson 1988),
presumably leading to “panic circuit” activation, which
would be more sensitive than controls to blood flow
changes.
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Basic properties
Large amounts (e.g., 480–720 mg) of oral or intraven-
ous administration of caffeine safely produces symp-
toms of anxiety and panic attacks in humans with only
the complication of a mild headache. Caffeine-induced
panic attacks include both somatic and affective aspects
of panic (Uhde et al. 1984; Charney et al. 1985). The
extent to which the panic attacks induced by caffeine
may be naturalistic has not been systematically exam-
ined. The core signs of caffeine-induced anxiety include
a number of nonpanic symptoms, including restless-
ness, excitement, insomnia and diuresis. Also, unlike
other panicogens which may elicit discrete attacks
which resolve over minutes, caffeine-provoked panic is
associated with longer lasting anxiety symptoms that
last many hours beyond the panic attack that may be
more akin to GAD. A dose dependence of caffeine-
induced anxiety was shown in healthy volunteers, but
only one of 10 subjects experienced a panic attack
(Nickell & Uhde 1995). Tolerance has been demon-
strated (reviewed by Nehlig et al. 1992) making it an
unreliable challenge agent.

Specificity
Caffeine-induced panic attacks are relatively specific
to PD (Charney et al. 1985; Uhde 1990; Beck &
Berisford 1992) as healthy volunteers rarely panic
with this agent (Nickell & Uhde 1995). In addition 
to panic attacks, longer-lasting anxiety induced by 
caffeine including insomnia and increased blood pres-
sure occur at an increased rate and intensity in PD
patients than healthy volunteers (Charney et al. 1985;
Uhde 1990). This suggests PD patients are differen-
tially sensitive to experience both long- and short-term
anxiety caused by caffeine, such that the brain circuits
used for panic, as well as experiences of anxiety that
are subthreshold to panic, are both altered in PD.

Other anxiety disorders have been studied to deter-
mine whether caffeine-induced panic is specific to PD.
Patients with GAD appear to be even more sensitive 
to caffeine than PD patients in the elicitation of anxiety
symptoms (Bruce et al. 1992). However, caffeine-
induced panic anxiety does not appear to be different
between SAD and normal control subjects, and the
symptoms induced in the SAD group did not mimic
their naturally occurring symptoms (Tancer et al. 1991).
Finally, no hypersensitivity to caffeine was detected in
patients with depersonalization disorder (Stein & Uhde
1989). There is a great deal of work on the possible

association of caffeine intake to agitated depression,
but it is unclear whether excess caffeine intake and
anxiety is a cause or result of depression (reviewed by
Nehlig et al. 1992). In addition, caffeine may cause
exacerbation of psychosis, psychosis de novo, aggrav-
ate schizophrenia, and induce olfactory hallucinations
(Lucas et al. 1990; Nickell & Uhde 1995). These findings
point to less specific actions of caffeine.

Clinical validation
So far, no antipanic drugs have been tested as to their
ability to block caffeine-induced panic, nor has placebo
nonblocking been shown.

Physiology
Interestingly, although caffeine does increase the 
cardiorespiratory parameter of blood pressure, it has
inconsistent effects on pulse, including one report of 
a decreased pulse (Charney et al. 1984a; Uhde 1990).
There is little mention of respiratory changes in the 
literature. The caffeine challenge (480 mg) has been
shown to increase plasma cortisol but not prolactin
(Klein et al. 1991; Lovallo et al. 1996). Thus caffeine
does appear to partially activate the HPA axis.

Mechanism
The highly complex mechanisms of caffeine action
have been the subject of much investigation. It appears
to act via multifaceted mechanisms including mobil-
ization of intracellular calcium, phosphodiesterase
inhibition (leading to increased intracellular cAMP),
antagonism of adenosine receptors, and benzodi-
azepine receptor antagonism (reviewed by Nehlig et al.
1992). In addition, caffeine increases plasma levels of
the tryptophan metabolite kynurenine (a neuroactive
metabolite of tryptophan which is a precursor of 
5-hydroxytryptamine [5-HT]) in healthy volunteers
(Orlikov & Ryzov 1991), suggesting involvement of 
5-HT systems in caffeine action. Imaging studies of
cerebral blood flow using PET show significant
decreases with caffeine infusion in healthy subjects as
well as PD patients, but associated increases in glucose
utilization (Cameron et al. 1990). These studies sug-
gest that decreased cerebral blood flow is a relatively
nonspecific effect, not solely responsible for caffeine-
induced panic.

In summary, caffeine is a complex agent that produces
anxiety symptoms and panic attacks. Caffeine vulner-
ability is higher in PD and GAD patients than normal
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Clinical validation
Although it might be expected that norepinephrine
blockers would attenuate the panicogenic effects of
norepinephrine, this has not yet been studied. Possible
placebo blocking has not been studied either.

Physiology
Panic attacks induced by norepinephrine were asso-
ciated with cardiorespiratory activation, though some
inconsistency was reported (Pyke & Greenberg 1986).
Blood pressure increased, but heart rate decreased
despite subjective reports of palpitations. With epine-
phrine infusion, increases in heart rate, blood pressure,
and respiration as noted by decreased Pco2 have been
observed (Veltman et al. 1996). The association of
epinephrine-induced panic attacks and the HPA axis
has not been directly studied.

Mechanisms
Considerable preclinical and clinical data suggest 
that abnormal brain adrenergic and noradrener-
gic function is associated with the development of 
anxiety and fear (reviewed by Charney et al. 1990;
Abelson et al. 1992). It is a central mediator of sym-
pathetic (“fight or flight”) activation and is associated
with natural states of anxiety. However, epinephrine
preferentially activates different β-adrenoreceptors, 
while norepinephrine preferentially activates α-
receptors, and these pharmacological agents do not
cross the blood–brain barrier, limiting their use as 
panicogens. There is little support for the role of 
cognitive mechanisms in epinephrine-induced panic.
van Zijderveld et al. (1999) found that increased 
respiration and associated fall in transcutaneous Pco2
correlated with the frequency of anxiety symptoms
and not the fear of these symptoms. This finding 
suggests that the basis of epinephrine-induced panic 
is likely based on biological supersensitivity to the 
panicogen rather than cognitive distortions of bodily
sensations.

Other adrenergic agents

Certain other adrenergic agents have been used to study
the phenomenon of panic and the possible dysregula-
tion of noradrenergic pathways in anxiety disorders.
Both agonists and antagonists may induce anxiety likely
by virtue of differential effects on pre- and postsynaptic
central and peripheral receptors.

controls, with the highest sensitivity in GAD. Its 
mechanism of action is complex and includes multiple
neurotransmitter system involvement. Unfortunately,
its complex modes of action limits the interpretation of
results and its usefulness in research.

Doxapram

Doxapram is a central nervous system chemoreceptor
stimulant that can activate the cerebrospinal axis at 
all levels depending on concentration (Calverley et al.
1983). At low intravenous doses it is a respiratory
stimulant and panicogen (Lee et al. 1993) without
affecting growth hormone, adrenocorticotrophic hor-
mone or cortisol (Abelson et al. 1996). Unfortunately,
its use is limited by risk of seizures.

Norepinephrine/epinephrine

It is well established that abnormalities in the autonomic
nervous system are involved in mediating anxiety and
there is a literature describing the use of epinephrine
and norepinephrine to induce panic. As a putative pani-
cogen, these agents fulfil the basic criteria but are still
not well studied and the physiology is complex.

Basic properties
When infused intravenously to produce an artificial
adrenergic signal, anxiety symptoms including panic
attacks may be safely elicited. Panic attacks caused by
norepinephrine (Pyke & Greenberg 1986) and epine-
phrine (Veltman et al. 1996, 1998; van Zijderveld 
et al. 1997) infusion include idiosyncratic symptoms
closely resembling patients’ spontaneous panic attacks,
which include affective and somatic symptoms. The
test–retest reliability of norepinephrine/epinephrine-
induced panic has not been systematically studied.

Specificity
Epinephrine elicits anxiety but not panic attacks in
healthy controls (van Zijderveld et al. 1992). Patients
with PD are more likely to experience a panic attack
with epinephrine infusion than normal controls
(Veltman et al. 1996). This hypersensitivity does not
appear to be related to preinfusion anxiety (Veltman 
et al. 1998). Infusion of epinephrine to patients with
SAD provoked a panic attack in only one of 11 patients,
suggesting that epinephrine-induced panic is specific 
to PD.
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Yohimbine

This agent fulfills basic criteria for an ideal panicogen
but elicits other core anxiety symptoms and is only
partly blockable by antipanic drugs.

Basic properties
Yohimbine is an α2-receptor antagonist that has been
shown to safely induce panic attacks when administered
by mouth (<20 mg) or intravenously (<0.8 mg/kg). It
provokes affective and somatic components of panic
attacks in adults and children (Charney et al. 1984b;
Sallee et al. 2000). The question of naturalism of
yohimbine-induced panic has been raised as its effects
include nonpanic symptoms such as euphoria, lacrima-
tion and rhinnorhea. Thus far, test–retest reliability has
not been systematically examined.

Specificity
PD patients respond with panic attacks to yohimbine
challenge with a much higher frequency than healthy
controls. Further, sensitivity to yohimine is not
enhanced in patients with depression, schizophrenia,
GAD and OCD (Charney et al. 1987a; Rasmussen 
et al. 1987; Heninger et al. 1988; Charney et al. 1989;
Guthrie et al. 1993). However, specificity of yohim-
bine is not limited to PD as individuals suffering from
PTSD are more likely to panic with yohimbine than
controls (Southwick et al. 1997). This suggests more
severe abnormalities in catecholamine hormone regu-
lation shared by PD and PTSD, perhaps related to 
the similarly episodic nature of both core symptoms 
of panic attacks and flashbacks. Yohimbine causes 
a heightened anxiety (though not panic per se) in 
children with anxiety disorders, primarily separation 
anxiety disorder (Sallee et al. 2000). In addition to
panic, yohimbine administration has been shown to
elicit flashback phenomena in combat-related as well
as noncombat-related PTSD patients (Southwick et al.
1999). However, yohimbine was not found to elicit core
symptoms of OCD (Rasmussen et al. 1987). Overall,
yohimbine does not meet the ideal panicogenic criteria
of specificity to elicit core symptoms of panic only. It is
perhaps not surprising that the adrenergic system is
important in the experience of different anxiety symp-
toms besides panic (Sullivan et al. 1999).

Clinical validation
Studies with anxiety blocking agents have shown that

yohimbine-induced panic is reduced by long-term
alprazolam (Charney & Heninger 1985a) and fluvox-
amine treatment (Goddard et al. 1993) in patients 
with PD. In contrast, imipramine failed to decrease
yohimbine-induced panic in PD (Charney & Heninger
1985b). Alprazolam (Charney et al. 1986) and dia-
zepam (Charney et al. 1983) pretreatment have also
been reported to reduce yohimbine-induced anxiety in
healthy volunteers.

Physiology
Yohimbine-induced panic attacks are associated with
cardiorespiratory and HPA-axis activation including
increased blood pressure and pulse rate (Charney et al.
1984b), and plasma cortisol and prolactin release
(Charney et al. 1987a; Matilla et al. 1988; Gurguis &
Uhde 1990; Albus et al. 1992; Gurguis et al. 1997). In
addition, yohimbine is associated with a blunted growth
hormone response in PD (Uhde et al. 1992).

Mechanism
Yohimbine is a panicogen that has α2-antagonistic
effects. It is thought to increase noradrenergic function
in the locus ceruleus to cause anxiety by blocking
presynaptic negative feedback (Redmond 1977). The
effects of yohimbine, however, are complicated by 
its other properties including blockade of both pre-
and postsynaptic receptors in the hypothalamus along 
with some dopamine D2 autoreceptor agonism in 
the pituitary. In normal controls, there was a relation-
ship between yohimbine effect on plasma MHPG and
opposition by the α2-agonist clonidine (Charney et al.
1992). This relationship was not seen in PD patients,
suggesting a dysregulation of noradrenergic metabolism
or difference in receptor subtype distribution, meta-
bolism, or sensitivity in a subgroup of PD patients. The
preferential effect of SSRI antidepressants versus tri-
cyclic antidepressants in blocking yohimbine-induced
panic suggests a point of possible further pharmaco-
logical dissection of the properties of this panicogen.
Perhaps serotonin is a particularly important neuro-
transmitter in mediating yohimbine-induced panic.

The effects of yohimbine on brain blood flow have
been studied with PET imaging with conflicting results.
Woods et al. (1988b) found that panic patients showed
decreased frontal cerebral blood flow compared to con-
trols. Unfortunately only one of six controls experienced
panic while six out of six PD patients experienced panic
so it is unclear if the decreased blood flow is a cause or
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Mechanism
It may be that peripheral β-adrenergic agonism by iso-
proterenol elicits panic peripherally, without affecting
“central panic circuits,” which may be activated during
panic elicited by other agents or during natural panic.

Serotonin

The role of serotonin in anxiety disorders has been a
focus of attention because of the efficacy of serotonin
modulators such as SSRI antidepressants in relieving
anxiety symptoms including panic attacks (Bell & Nutt
1998). In contrast, however, a regular phenomenon
early in pharmacological treatment using serotonergic
medications is a “jittery” syndrome that is characterized
by motor restlessness, insomnia, heightened anxiety and
irritability (Pohl et al. 1988b). The role of serotonin 
in anxiety has been studied in a limited fashion using
the releasing/reuptake inhibitor fenfluramine and the
serotonin receptor agonist m-chlorophenylpiperazine
(mCPP).

Fenfluramine

This agent does not fulfil basic criteria, and has incon-
sistent physiology, but is specific and blockable.

Basic properties
Fenfluramine administration by mouth has complex
behavioral effects with both anxiogenic and anxiolytic
properties. At an oral dose of up to 60 mg, it evokes
anxiety symptoms including panic (Targum et al.
1989; Targum 1990) in PD patients. Apparently, the
experience of fenfluramine-induced anxiety is quite
heterogenous, including “waves” of anxiety persisting
for hours. Other investigators have commented that
fenfluramine-stimulated anxiety is more similar to
generalized anxiety than panic (Hollander et al. 1990;
Coplan et al. 1992b). Perhaps this response may be
akin to the increased anxiety sometimes observed in
patients during the initial phases of treatment with
SSRIs (Den Boer & Westenberg 1988). On the other
hand, fenfluramine has been reported to cause a mild
sedating and anxiolytic effect (Bond et al. 1995), and
attenuated anxiety provoked by a public speaking 
test in healthy volunteers (Hetem et al. 1996). Possible
toxicity of fenfluramine related to chronic administra-
tion to cause valvular cardiac lesions and neuronal
damage has raised concerns about the safety of fenflura-

effect of yohimbine-induced panic. On the other hand,
Cameron et al. (2000) found medial frontal, thalamic,
and insular hyperperfusion with yohimbine, and over-
all increased cerebral blood flow with the one patient
that reported a panic attack.

Isoproterenol

Isoproterenol is a nonspecific, largely peripheral 
β-adrenergic agonist. This agent fulfils a number of 
criteria for an ideal panicogen. However, its physio-
logical effects are inconsistent.

Basic properties
Isoproterenol safely elicits panic attacks in humans.
The induced attacks encompass both affective and
somatic symptoms of panic and are appraised by
patients as being similar to naturally occurring panic
(Rainey et al. 1984b, 1984c; Balon et al. 1990). The
test–retest reliability of isoproterenol has not been
studied.

Specificity
Isoproterenol evokes panic attacks preferentially in 
PD patients (Rainey et al. 1984b; Pohl et al. 1988a)
compared to normal controls. Isoproterenol sensitivity
across different anxiety disorders has not been studied,
but bulimic patients have been shown to be more 
sensitive to isoproterenol-induced panic than controls
(Pohl et al. 1989). The ability of isoproterenol to elicit
core symptoms of other anxiety syndromes has not
been evaluated.

Clinical validation
Panic attacks elicited by isoproterenol are blockable
by imipramine (Rainey et al. 1984b) and desipram-
ine (Pohl et al. 1993, 1990), perhaps because they
decrease β-receptor number and function. Placebo
nonblocking of isoproterenol were noted in the above
studies.

Physiology
Cardiorespiratory activation with isoproterenol in-
cludes prominent dyspnea and cardiac activation
including increased heart rate variability (Yeragani 
et al. 1995). Studies of possible HPA activation revealed
that isoproterenol-induced panic is accompanied by
growth hormone and cortisol release (Nesse et al.
1984).
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mine use in panic research, even for short-term admin-
istration (McCann et al. 1998). Test–retest reliability
of fenfluramine has not been systematically studied.

Specificity
Fenfluramine provokes symptoms of anxiety and
panic attacks preferentially in PD patients compared
to control subjects and patients with major depression
(Targum et al. 1989; Targum 1990). Patients with major
depression and normal controls react similarly to fen-
fluramine (Targum 1990). Interestingly, fenfluramine
challenge was associated with a decline in obsessive
symptoms in OCD patients. However, the results are
difficult to interpret because initial severity ratings of
obsessions were higher on the fenfluramine versus the
placebo challenge day.

Clinical validation
The blockability of fenfluramine-provoked anxiety by
antipanic drugs has not been studied.

Physiology
Surprisingly, the effects of fenfluramine challenge on
cardiorespiratory activation has not been evaluated.
With respect to HPA-axis activation, fenfluramine-
induced panic is associated with increases in cortisol
and prolactin (Lucey et al. 1992; Davis et al. 1999).
Moreover, HPA-axis activation is greater in PD pati-
ents versus patients with major depression and normal
controls (Targum & Marshall 1989; Targum 1990).

Mechanisms
Fenfluramine potently increases 5-HT release and
inhibits reuptake (Rowland & Carlton 1986). Possible
mechanisms of action are extremely speculative and
troubled by complex effects and compensatory changes.
In a recent study, fenfluramine increased anxiety and
arousal but tended to reduce CO2-induced anxiety and
panic attacks in patients with PD (Mortimore &
Anderson 2000). This paradoxical two-fold effect of
fenfluramine is in line with the complexity of the role
of serotonin neurotransmission in anxiety and panic
attacks (Deakin & Graeff 1991).

m-Chlorophenylpiperazine

m-Chlorophenylpiperazine (mCPP) is a mixed agonist
of 5-HT1/5-HT2 and antagonist of 5-HT2a, 5-HT3
and α-adrenergic receptors (Barnes & Sharp 1999). As

a panicogen this agent has disputed basic properties
and complex physiology, but is specific to PD.

Basic properties
mCPP effectively induces a variety of anxiety symp-
toms which sometimes include panic attacks (reviewed
by Kahn & Wetzler 1991) peaking 90–120 min after
intravenous infusion (although it may also be given
orally). When attacks do occur, mCPP-induced panic
does include affective and somatic components which
appear naturalistic. The panicogenic effect of mCPP
may be more clear-cut after rapid intravenous admin-
istration (Van der Wee et al. 1999). However, mCPP
may be unsafe as there have been three reported cases
of serotonin syndrome with single oral doses (Klaassen
et al. 1998). The test–retest reliability of mCPP has not
been studied.

Specificity
mCPP induces anxiety, dysphoria and panic attacks in
PD patients more than in normal controls or depressed
patients (Charney et al. 1987b; Kahn et al. 1988). One-
third of patients with PTSD experienced mCPP-induced
panic attacks and had significantly greater increases in
symptoms of anxiety (Southwick et al. 1997). In some
studies, mCPP challenge resulted in a transient exacer-
bation of OCD symptoms in the majority of patients
(Zohar et al. 1987). This effect was absent on rechal-
lenge after chronic treatment with clomipramine (Zohar
et al. 1988), and diminished with fluoxetine treatment
(Hollander et al. 1991). However, other studies failed
to detect a mCPP-induced exacerbation of OCD pheno-
mena (Charney et al. 1988; Goodman et al. 1995;
Khanna et al. 2001). There is recent evid-ence that a
lower dose of mCPP (0.25 mg/kg) may actually worsen
obsessive-compulsive symptoms, while the standard dose
(0.5 mg/kg) has general anxiogenic effects (Erzegovesi
et al. 2001). Finally, mCPP increases anger ratings in
GAD patients (Germine et al. 1992). Thus, the anxio-
genic effects of mCPP may include syndrome-specific
symptoms across a wide spectrum of anxiety disorders.

Clinical validation
There is limited data on the effect of antipanic drugs on
mCPP-induced panic anxiety. One study demonstrated
that alprazolam was more effectively than placebo in
attenuating mCPP-induced anxiety and increases in
cortisol and growth hormone in healthy volunteers
(Sevy et al. 1994).
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in anxiety, but this review will focus on clinical work
using the GABA antagonist flumazenil. There is one
preliminary report on the anxiogenic effects of the
inverse benzodiazepine receptor agonist, FG 7142, in
healthy humans (Dorow et al. 1983). However, no
other studies have been conducted with this agent.

Flumazenil

Flumazenil is a specific benzodiazepine ligand that has
little intrinsic activity but blocks the pharmacological
effects of benzodiazepine agonists (e.g. benzodiazepines)
and inverse agonists (e.g. β-carbolines). So far, the
data suggest that flumazenil may not be an ideal model
of panic.

Basic properties
Intravenous infusion of flumazenil has been found to
safely evoke anxiety including panic attacks in humans
(Nutt et al. 1990). The induced panic attacks include
both affective and somatic symptoms of panic that 
are naturalistic according to Woods et al. (1991).
However, recent studies failed to confirm flumazenil’s
panicogenicity (Ströhle et al. 1998; Ströhle et al. 2000),
raising questions about its validity as a model of panic.
So far, test–retest reliability has not been studied.

Specificity
Flumazenil is panicogenic in patients with PD but not
in normal controls, suggesting absolute specificity in
PD (Nutt et al. 1990; Woods et al. 1991). Patients with
PTSD and SAD have also been found to react similarly
to flumazenil as healthy controls (Coupland et al. 1997,
2000), suggesting that abnormal GABA function may
not be relevant in these disorders. On the other hand,
similar to findings with lactate infusion and CO2 inhala-
tion, women with PMDD were more likely to panic
with flumazenil than controls (Le Mellédo et al. 2000).

Clinical validation
Blockade of flumazenil-induced panic with the SSRI
paroxetine was recently demonstrated by Bell and
associates (Bell et al. 2002). This effect was partially
reversed by lowering brain serotonin levels with tryp-
tophan depletion.

Physiology
PD patients who panicked with flumazenil experienced
increases in heart rate and blood pressure but not in

Physiology
mCPP-induced panic was not reported to be accom-
panied by increases in blood pressure and heart rate
(Charney et al. 1987b). The mCPP-induced HPA-axis
activation in PD patients has been found to be of similar
extent to that observed in healthy controls (Charney 
et al. 1987b; Wetzler et al. 1996). However, findings of
an augmented cortisol response (Broocks et al. 2000)
and increased adrenocorticotrophic hormone (ACTH)
and prolactin release as well as blunted prolactin
response in women with PD have also been reported
(Germine et al. 1994).

Mechanisms
mCPP-induced anxiety is associated with different 
patterns of neuroendocrine activation with more aug-
mentation in PD and social phobia versus blunting in
OCD. The behavioral and neuroendocrine properties
of mCPP have been rather discrepant and serotonin 
5-hydroxytryptophan does not elicit panic attacks
(Westenberg & den Boer 1989). The involvement of
serotonin in different circuits of anxiety appears to be
complex and perhaps requires some differential stimu-
lation of serotonin receptor subtypes to elicit anxiety.
In addition, the properties of a modulator like mCPP
are complex (Murphy et al. 1996) and there is a large
pharmacokinetic variability after its oral administra-
tion (Gijsman et al. 1998) that renders interpretation
of data difficult.

Other serotonergic modulators

Other serotonin agonists appear to be of limited use 
as a pharmacological model of panic. Although ipsa-
pirone, a partial agonist of 5-HT1A receptors can induce
panic attacks in patient with PD (Lesch et al. 1992;
Broocks et al. 2000), other agents such as buspirone,
sumatriptan, zolmitriptan, l-tryptophan and 5-hydro-
xytryptophan have no panicogenic activity (Charney
& Heninger 1986; Goddard et al. 1994; Norman et al.
1994; van Vliet et al. 1996; Stein et al. 1999).

γ-aminobutyric acid

Modulation of GABA receptors using benzodiazepines
(GABA-A agonists) is well established. It has been pro-
posed that abnormalities in GABA receptor function
underlie some anxiety disorders including PD. There is
significant preclinical evidence for GABA dysfunction
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respiratory symptoms (Nutt et al. 1990). It is unknown
whether flumazenil-induced panic is accompanied by
HPA-axis activation.

Mechanisms
Several theories may explain flumazenil’s panicogenic-
ity (Coplan & Klein 1996). It has been posited that PD
patients suffer from underproduction of endogenous
GABA agonists, such as desmethyldiazepam, leaving
them more vulnerable to GABA antagonism. Alter-
natively, panic patients may secrete more endogenous
anxiolytic to deal with their hyperactive “anxiety cir-
cuits,” or hypoactive anxiolytic circuits (Roy-Byrne 
et al. 1990) which might be preferentially unmasked by
flumazenil. Flumazenil might thus alter the GABAergic
“set point” of anxiety/anxiolytic threshold. The concept
of a “set point” has also been discussed to explain GABA
tolerance. The proposal that PD is associated with
alterations of GABAergic function is supported by find-
ings of widespread reduction in GABAA receptor binding
in PD (Malizia et al. 1998). Studies of disease specificity
suggest the possibility of an abnormal set point in PD
and PMDD but not in social phobia or PTSD.

Cholecystokinin

Cholecystokinin (CCK) is a gut-brain hormone found
in high concentrations in brain regions implicated in
the regulation of fear and anxiety. The central CCK-B
(recently reclassifed as CCK-2) receptor agonists,
CCK-tetrapeptide (CCK-4) and the synthetic analogue
pentagastrin have become standard agents for induc-
ing panic attacks in humans. Systematic evaluation of
the validity of CCK-B receptor agonists as a model 
of panic indicates that CCK fulfils most criteria of an
ideal panicogenic agent. At present, CCK is the only
valid panicogen that also fulfils criteria for a neuro-
transmitter.

Basic properties
CCK safety is well established with a long track record
devoid of any medically significant side-effects. About
5% of subjects experience a brief vasovagal reaction
but this has been a mild and brief phenomenon which
has never led to health problems. Panic attacks induced
by CCK agonists include both somatic and affective
symptoms and are appraised by patients as being 
identical or very similar to their spontaneous attacks
(Bradwejn et al. 1990; Bradwejn & Koszycki 1991;

van Megen et al. 1994). Studies in PD patients have
demonstrated that the panicogenic effects of CCK-4
are dose-dependent and undiminished with repeated
challenge (Bradwejn et al. 1991a, 1992a,b).

Specificity
Response to CCK-4 and pentagastrin reliably differ-
entiates PD patients from healthy controls with no 
personal of family history of panic (Bradwejn et al.
1991b; van Megen et al. 1994). This suggests that there
may be abnormalities in the CCK receptor system in
PD patients. Studies evaluating the specificity of CCK
suggests that its paniocogencity is not limited to 
PD. Individuals suffering from PTSD (Kellner et al.
2000), SAD (McCann et al. 1997), OCD (De Leeuw 
et al. 1996), GAD (Brawman-Mintzer et al. 1997) and
PMDD (Le Mellédo et al. 1999) all exhibit an aug-
mented behavioral response to CCK compared to con-
trols. However, the threshold of vulnerability to CCK
panic appears to be lower in PD relative to other psy-
chopathologies. The finding that CCK-induced panic
is not peculiar to PD suggest that CCK activity is a
common factor involved across a wide range of psychi-
atric conditions. Further work with differential spec-
ificity and brain imaging might help in understanding
how CCK might have a role in all these disorders. Poss-
ible provocation of core anxiety symptoms of other
disorders besides panic has not been extensively studied.
So far, however, CCK does not elicit flashbacks in
PTSD patients (Kellner et al. 2000), or obsessions or
compulsions in OCD (De Leeuw et al. 1996), main-
taining its relatively specific panicogenic properties.

Clinical validation
CCK-induced panic is blockable with antipanic drugs.
Long-term treatment with the antidepressants imipra-
mine (Bradwejn & Koszycki 1994), fluvoxamine (van
Megen et al. 1997), and citalopram (Shlik et al. 1997a)
significantly attenuate response to CCK-4 in patients
with PD. Also, acute pretreatment with the benzodiaze-
pine lorazepam (de Montigny 1989), the β-adrenergic
blocker propranolol (Le Mellédo et al. 1998), and the
5-HT3 receptor antagonist ondansetron (Dépôt et al.
1998) were all effective in attenuating CCK-induced
panic in healthy volunteers, although ondansetron did
not antagonize pentagastrin-induced panic in PD
patients (McCann et al. 1997). CCK-4 panic is not
blocked by clonidine in either PD patients or healthy
volunteers (Kellner et al. 1997; Shlik et al. 2000). Finally,
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cerebelar vermis (Benkelfat et al. 1995). This may reflect
a change in brain tissue metabolic activity mediated by
CCK which would demand more blood flow during
panic. Regional CBF flow has also been measured at
two time points as a function of CCK-4 injection
(Javanmard et al. 1999). In this study, PET scans were
conducted to capture brain activation during the 1st
and 2nd minute after CCK-4 challenge. The earlier
effects of CCK increased CBF in the hypothalamus,
and the later effects of CCK increased CBF in the claus-
trum-insular region. In both early and late trials, CBF
in the medial frontal cortex decreased. This work sug-
gests a progression of brain activity with CCK stimula-
tion starting with the hypothalamus and proceeding to
the claustrum-insular cortex with an associated decrease
in medial frontal brain activity. A recent investigation
using brain stem auditory evoked potential (BSAEP)
recordings found that CCK-4 exerts robust effects on
the brain stem (Gunnarsson et al. 2000). These data
are in keeping with current theories of CCK action
whereby CCK leaks across the blood–brain barrier
into circumventricular structures close to the nucleus
tractus solitarius which contains ample CCK-A (for
alimentary) and CCK-B receptors (Noble et al. 2000).

Evaluation of possible psychological mechanisms in
CCK-4-induced panic indicate that cognitive appraisal
processes, fear of anxiety sensations and baseline anxi-
ety do not fully account for CCK-4′s panicogenicity
(Koszycki 1995). The influence of genetics on CCK-
induced panic has not been evaluated. Recent work
has shown that allelic variation of the CCK-B receptor
gene may confer risk for PD (Kennedy et al. 1999), and
it is conceivable that allelic variation of this gene
influences panicogenic reactivity to CCK-B receptor
stimulation with CCK agonists. Studies are currently
underway to test this hypothesis.

In summary, CCK is a neurotransmitter which fulfills
all of the proposed criteria for an ideal panicogenic
agent. The mechanism by which CCK-4 provokes
panic anxiety is complex, and involves stimulation 
of CCK-B receptors and other receptors systems with
which it interacts.

Summary

Panicogens have been a useful tool to study the patho-
physiology of panic attacks. Several panicogens 
have been reviewed in this chapter according to our

CCK-4 panic is not blocked by pretreatment with
placebo or the nonantipanic GABA antagonist flum-
azenil (Bradwejn et al. 1994a).

Physiology
The behavioral effects of CCK agonists are accompanied
by marked biological alterations, including robust
increases in heart rate, blood pressure and minute ven-
tilation (Bradwejn et al. 1990, 1991b, 1992a, 1998;
Koszycki et al. 1998). CCK-4-induced dyspnea seems
to be related to decreased vital capacity parameters
without any apparent bronchoconstriction or change
in respiratory resistance (Shlik et al. 1997b). As for
neuroendocrine effects, CCK has been shown to
increase plasma ACTH, cortisol, growth hormone and
prolactin levels (Kellner et al. 1997; Shlik et al. 1997b;
Dépôt et al. 1998; Koszycki et al. 1998).

Mechanisms
The neurotransmitter mechanism by which CCK-B
receptor agonists provoke panic and concomitant 
biological changes has been the subject of considerable
research activity. There is evidence that panic symp-
toms induced by CCK-4 is associated with selective
stimulation of CCK-B receptors. Acute treatment with
the selective CCK-B receptor antagonist L365-260
blocked CCK-4 induced panic in PD patients (Bradwejn
et al. 1994b) and healthy volunteers (Lines et al.
1995). In addition, acute treatment with the CCK-B
receptor agonist, CI-988, modestly attenuated the
behavioral effects of CCK-4 in healthy subjects
(Bradwejn et al. 1995), although it failed to antagonize
CCK-4-induced panic in PD patients (van Megen et al.
1997). The results of CI-988 are difficult to interpret
due to the poor bioavailability of this compound.
While CCK-B receptors appear to be the principal
mechanism by which CCK agonists induce symptoms
of panic, there is growing recognition that CCK does
not act in isolation and that it produces some of its
effects by interacting with other neurotransmitter sys-
tems including serotonin (Koszycki et al. 1996; Shlik 
et al. 1997a; van Megen et al. 1997), norepinephrine
(Le Mellédo et al. 1998) and the GABA-benzodiazepine
complex (de Montigny 1989).

Imaging studies have shown that CCK-4 induced
anxiety is associated with bilateral increases in ex-
tracerebral blood flow in the temporal artery region
and CBF increases in the anterior cingulate gyrus, the
claustrum-cortex-insular-amygdala region, and the
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expanded criteria of an “ideal panicogen”. The re-
sults of the review are summarized in Table 15.2. It 
is interesting that the metabolic/respiratory panico-
gens CO2 and lactate activate the cardiorespiratory
systems but are relatively ineffective in activating 
the HPA axis, while the noradrenergic, serotonergic 
and CCKergic panicogens activate both the cardio-
respiratory and the HPA axis. Ultimately it appears
that no panicogen meets all criteria of an “ideal” pan-
icogen, but CCK-4 appears to most closely approxim-
ate such a compound.

In the future, challenge research may involve com-
binations of different panicogens in order to achieve a
certain profile of physiological response, paired with
more sophisticated experimental approaches including
functional brain imaging. Further, more naturalistic
behavioral challenges might be used such as public
speaking testing and autobiographic scripts. This will
lead to a better understanding of how the challenge
agents work, how the brain works in health and illness,
as well as leading to new nosological systems based on
the underlying neurobiology which is just now begin-
ning to be mapped out (Gorman et al. 2000). Consid-
eration of brain development and gene activation in
the development of the brain circuits that mediate
panic will also likely figure prominently in panicogen

research in order to improve early diagnosis and treat-
ment of anxiety syndromes which include panic attacks.
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Panic Disorder and Medical Illness
T.S. Zaubler & W. Katon

care setting as many as 4–13% of patients meet criteria
for PD and 16.5% experience panic attacks (Katon 
et al. 1986; Goodwin et al. 2001). Patients seen in the
primary care setting who are particularly likely to have
PD include (i) those with multiple, common medically
unexplained symptoms; (ii) patients complaining of
anxiety and tension (Schurman et al. 1985; Katon
1994); (iii) patients with hypochondriacal concerns
about their medical symptoms (Simon & VonKorff
1991; Table 16.2); and (iv) patients with certain med-
ical problems such as labile hypertension, mitral valve
prolapse, asthma and chronic obstructive pulmonary
disease and migraine headaches (Katon 1994; Zaubler
& Katon 1998).

Utilization of primary care services by patients with
PD is approximately three times greater than for most
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Introduction

Panic disorder (PD) is a common, disabling psychiatric
illness that is closely linked with several medical condi-
tions and medically unexplained symptoms. Patients
with PD will often select one of their most frightening
symptoms and present to their physicians with cardiac,
respiratory, gastrointestinal or neurologic complaints
such as chest pain, palpitations, epigastric pain, lower
abdominal pain, diarrhea, headache or dizziness
(Zaubler & Katon 1998). Given the overlap between
the symptoms associated with panic attacks and other
medical illnesses, the vast majority of patients with PD
present for treatment in the medical setting. It is often
only after patients have gone to their primary care or
emergency room physicians on multiple occasions that
a correct diagnosis of PD is made and appropriate
treatment is initiated. This chapter explores the associ-
ation between PD and specific medical illnesses and
medically unexplained symptoms.

Prevalence and utilization of 
medical services

The National Comorbidity Survey (NCS) Study found
that the 12 month prevalence of PD in the community
was 3.2% in women and 1.3% in men (Kessler et al.
1994; Table 16.1). Many people who do not meet full
Diagnostic Statistical Manual, fourth edition (DSM-
IV; American Psychiatric Association 1994) criteria
for PD do experience occasional panic attacks with
estimates for prevalence in the community ranging from
3.6% to 10% (Klerman et al. 1991). In the primary

16

Table 16.1 Prevalence of PD in community, primary care,
and medically unexplained symptom samples.

Sample source PD prevalence (%)

Community 1.3–3.2
Primary care 4–13
Primary care high utilizers 22
Chest pain/negative angiogram 43–61
Hypertensives screened for 
pheochromocytoma 28
Irritable bowel syndrome 29
Asthma 6.5–24
Unexplained dizziness 20
Headache 15

PD, panic disorder.



as due to an acute medical illness such as myocardial
infarction (Zaubler & Katon 1998).

Despite the high prevalence of PD in the medical 
setting and its association with increased utilization of
medical services, it is often undiagnosed and untreated
(Katon 1996). Fifer et al. (1994) found that anxiety
symptoms in the medical setting are recognized and
treated in only about 44% of anxious patients. In the
emergency department, where patients with PD are
likely to present with rapid heart beat or chest pain,
physicians miss a diagnosis of PD 94% to 98% of the
time (Yingling et al. 1993; Fleet et al. 1995). This
under-recognition of PD in the medical setting leads 
to costly and unnecessary workups to investigate pre-
sumed medical etiologies for the somatic symptoms
associated with PD (Simpson et al. 1994).

The consequences of PD

The low rates of detection of PD are of particular 
concern given the association between PD and sign-
ificant functional disability and spiraling health care
costs (Zaubler & Katon 1998). Patients with PD often
develop financial problems. Up to 60% of patients
with PD and 30% of patients with panic attacks are
unemployed (Leon et al. 1995). Patients with PD are
significantly more likely to receive public assistance 
or disability payments than patients with other psychi-
atric disorders (Klerman et al. 1991). They are at high
risk for suicide and have high levels of family and
social dysfunction (Markowitz et al. 1989; Katon et al.
1995). Their perception of their overall health and
level of physical functioning is comparable to that of
other patients with chronic medical illnesses such as
diabetes and arthritis (Katon et al. 1995; Sherbourne
et al. 1996). Patients who do not meet full criteria for
PD but are experiencing panic attacks have been found
to experience nearly comparably high rates of disability
in vocational, familial and social functioning (Katon 
et al. 1995). Since panic attacks are more prevalent
than PD, they may account for more functional dis-
ability within the community than PD.

While there is little information on the economic
cost to society of PD, patients with PD undoubtedly
often receive costly and unnecessary medical work
ups. In a primary care practice, the likelihood of
obtaining a positive diagnostic test for common symp-
toms such as chest pain and palpitations may range

other primary care patients (Katon 1996). Data from
the National Institute of Mental Health Epidemiologic
Catchment Area (ECA) Program have shown that
patients with PD are not only high utilizers of primary
care services but also are more likely to seek treatment
in emergency departments, inpatient medical settings
and both inpatient and outpatient psychiatric settings
(Markowitz et al. 1989; Klerman et al. 1991; Leon 
et al. 1995). Simpson et al. (1994) found that in the 
10 years prior to a diagnosis of PD, patients with PD
had significantly more visits to their primary care
physicians, received more prescriptions for both psy-
chotropic and nonpsychotropic medications, and had
more hospital admissions, emergency room visits and
diagnostic tests than a control group without psy-
chiatric illness. Compared to patients with other psy-
chiatric illnesses, patients with PD are significantly
more likely to seek help from general medical and spe-
cialized mental health services, human service organ-
izations and emergency departments (Markowitz et al.
1989; Leon et al. 1995).

The high rate of utilization of medical services by
patients with PD may be due to several factors. Given
the stigma attached to psychiatric illness, patients may
be reluctant to accept a psychiatric explanation for
their symptoms. Patients with PD also do characterist-
ically experience their physical symptoms with great
intensity and may be unaware that a psychiatric prob-
lem could cause such distressing physical symptoms.
ECA program data have shown that patients with PD
may be more likely to perceive their health as poor and
in need of medical treatment than those with other
psychiatric illnesses or those without any psychiatric
illness (Klerman et al. 1991). Patients with PD may also
catastrophize and misattribute their panic symptoms
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Table 16.2 Psychiatric disorder and increased probability 
of multiple unexplained physical symptoms. (From Simon &
VonKorff 1991.)

Diagnosis Odds ratio

PD 204
Schizophrenia 90
Mania 24
Major depression 17
Phobia 12

PD, panic disorder.
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from 3% to 29% (Kroenke & Mangelsdorff 1989).
Patients with PD are likely to present with many of
these common symptoms and receive costly tests such
as angiography, echocardiography, Holter monitoring

and treadmill testing (Kroenke 1992; Katon 1996;
Table 16.3). Salvador-Carulla et al. (1995) examined
the costs associated with the treatment of PD (Fig. 16.1).
They found that when comparing the costs pre- and
post-treatment, treatment resulted in an increase in
direct costs due to the increased use of mental health
services. These costs were offset by a substantial
decrease in indirect costs due to the increased pro-
ductivity at, and decreased absenteeism from, work.
Treatment of PD therefore may be associated with an
overall decrease in costs to society.

Pathophysiology of panic

Patients with PD often report an interplay between
stressful life events exacerbating or precipitating panic
symptoms and ensuing physical symptoms which may
also contribute to the experience of panic. Both stress-
ful life events and changes in the internal homeostasis
of organ systems can lead to changes in brain biochem-
istry that result in panic symptoms. There is strong 
evidence suggesting that a small cluster of noradrenergic
neurones in the brain called the locus coerulus mediates
the experience of panic symptoms (Redmond 1979).

The locus coerulus is activated in response to real 
or imagined external dangers in order to program the
body to fight or flee. In patients with PD, the fight or
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Table 16.3 Costs of unrecognized PD (US$).

Chest pain
Angiography 2000–3000
Echocardiography 350
Treadmill 150
Holter monitor 200

Irritable bowel syndrome
Gastroscopy 300
Colonoscopy 500

Labile hypertension
Pheochromocytoma 300
(Urinary catechol., VMA, met)

Headache, dizziness
MRI 1000
CAT scan 550
EEG 322

CAT, computed axial tomography; EEG, electroencephalograms; met,
metanephrines; MRI, magnetic resonance angiography; PD, panic
disorder; VMA, vanillylmandelic acid.

Fig. 16.1 Effect of diagnosis and
treatment on cost of 61 patients with
PD n 1 year before diagnosis; 1 year
after diagnosis.



exclusive. Many patients with substantiated cardiac
illness also have comorbid panic attacks.

Chest pain

Chest pain is one of the most common symptoms 
associated with both panic attacks and heart disease.
Between 25% and 57% of patients with PD experience
chest pain (Jeejeebhoy et al. 2000). Conversely, Dammen
et al. (1999) found that 38.2% of patients with chest
pain seen in outpatient medical clinics have PD.
Between 16% and 25% of patients presenting to an
emergency room with a chief complaint of chest pain
suffer from PD.

Medical work ups reveal no demonstrable cardiac
basis for chest pain in over 50% of patients, and PD is
30–50 times more common in patients with noncar-
diac chest pain than in the general population (Fleet 
et al. 2000). In the outpatient setting, the prevalence of
PD among patients with chest pain without coronary
artery disease is 41.3% (Dammen et al. 1999). One
study found that one-third of patients admitted to a
cardiac care unit for a presumed myocardial infarction
had PD, and 79% of patients with PD did not have
conclusive evidence of cardiac disease (Carter et al.
1992).

The costs associated with medical evaluations for
chest pain are enormous. In the primary care setting 
a workup for chest pain may cost several thousand
dollars per patient, and more than 80% of these work
ups are negative (Lavey & Winkle 1979; Kroenke 
& Mangelsdorff 1989; Zaubler & Katon 1996). Costs
may spiral when patients are referred for angiography.
Between 10% and 30% of patients referred for angio-
graphic testing have minimal or no evidence of coron-
ary artery disease (Lavey & Winkle 1979). One study
found that in 1997 the cost for cardiac catheterizations
in the US for patients without angiographic evidence
of coronary artery disease was US$750 million (Carter
et al. 1997).

While some patients with chest pain and normal
angiograms are ultimately diagnosed with Prinzmetal’s
angina, costochondritis, mitral valve prolapse and
esophageal motility disorders, between 43% and 61%
of these patients were found to have PD (Bass et al.
1983; Beitman et al. 1987; Katon et al. 1988). Inter-
estingly, among those patients with chest pain without
angiographic findings, approximately 50% continue to
experience significant vocational and social disabilities

flight response is not appropriately calibrated so a
panic response may occur in response to innocuous
stimuli or even when there is an absence of any threat-
ening stimulus. This miscalibration may result from
stressful life circumstances which have been shown to
cause a sustained alteration of synaptic transmission in
the locus coerulus (Kandel 1983).

Changes in the body’s internal homeostasis have
also been shown to lead to altered synaptic transmis-
sion and increased firing of neurones in the locus
coerulus (Kandel 1983; Svensson 1987; Katon & Roy-
Byrne 1989). In animal studies, acute changes in blood
pressure, arterial oxygen concentration and distension
of the stomach, distal colon, rectum and urinary blad-
der have all been shown to lead to sustained activation
of the locus coerulus (Svensson & Thoren 1979; Elam
et al. 1984). The anxiety generated by these physiologic
changes may be adaptive if it prompts the individual 
to seek help from the medical system for potentially
harmful disease states that may be causing these changes
in the body to occur. However, these internal homeo-
static changes may also lead to locus coerulus activa-
tion in the absence of any disease state (Zaubler &
Katon 1996).

An external stress may therefore lead to increased
noradrenergic discharge, increased anxiety and a psycho-
physiologic illness such as irritable bowel syndrome or
peptic ulcer disease. The changes in the body’s internal
homeostasis resulting from these illnesses may in turn
lead to further locus coerulus activation and a vicious
cycle of worsening anxiety. The emphasis that this
pathophysiologic model of PD places on both external
and internal stressors may help to explain why many
patients with PD believe that their physical symptoms
are causing their anxiety (Zaubler & Katon 1996).

PD and cardiac illness

There is considerable overlap between panic symptoms
and the most common complaints of patients present-
ing for cardiologic evaluations. Of the 13 diagnostic
symptoms of a panic attack (American Psychiatric
Association 1994), five are typical for patients with
cardiovascular diseases: chest pain, palpitations, short-
ness of breath, choking sensation, and sweating (Fleet
et al. 2000). It can be exceedingly difficult to determine
whether a patient’s symptoms reflect a panic attack or
true cardiac disease. Morever, the two are not mutually
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due to their chest pain 1 year after their angiograms
(Ockene et al. 1980). Moreover, the presence of PD is
one of the best predictors of persistent chest pain and
disability in patients with normal angiograms (Beitman
et al. 1991; Zaubler & Katon 1998).

Palpitations

Palpitations is another common symptom in patients
both with PD and heart disease. Approximately 16%
of patients seen in a medical setting complain of having
palpitations, and 31% of these patients have been
found to have PD, panic attacks or anxiety (Kroenke 
et al. 1990; Weber & Kapoor 1996). Among patients
seen in outpatient cardiology practices, studies have
found that over 20% of patients with palpitations have
PD and approximately two-thirds of patients seen in
this setting who have PD also report having palpita-
tions (Morris et al. 1997). Compared to patients with
palpitations without any psychiatric disorder, patients
with palpitations and PD are typically more disabled,
younger, and have more visits to the emergency room
with somatic complaints (Jeejeebhoy et al. 2000).
Many patients with palpitations undergo Holter mon-
itoring as a workup for arrythmias. Studies have found
that patients with normal Holter results are more
hypochondriacal and have greater psychiatric morbid-
ity and somatization than patients with documented
arrhythmias (Barsky et al. 1994). Among patients under-
going Holter monitoring for palpitations, 18.6% have
current PD and 27.6% have a lifetime prevalence of
PD (Barsky et al. 1995). PD may therefore account for
a significant percentage of the US$250 million spent
annually in the US on Holter monitoring for palpita-
tions (Katon 1996).

Panic-related cardiac symptoms in the absence 
of heart disease

There is an increasing body of research exploring pos-
sible perceptual, psychological and physiologic factors
that may account for the link between PD and non-
medical cardiac symptoms. Patients with PD are often
exquisitely sensitive to any homeostatic changes in
their bodies. Clinicians frequently encounter patients
who refuse to take medications due to the severity of
side-effects they experience. There is considerable evid-
ence that patients with PD have many somatic con-
cerns and heightened bodily awareness. For example,

among patients undergoing Holter monitoring for 
palpitations, those that did not have any documented
arrythmia had a much higher prevalence of PD, a
greater fear of bodily sensations, increased hypochon-
driacal concerns and somatic complaints than those
with arrhythmias (Barsky et al. 1994; Ehlers et al.
2000). Interestingly, PD patients are also more likely
to misperceive their heartbeats than those with arrhy-
thmias and no panic symptoms (Ehlers et al. 2000).
Walker et al. (1990a) suggest that patients with PD
may have distorted signal-to-noise ratios for internal
body stimuli, thereby predisposing them to interpret
background physiological activity and mild somatic
symptoms as catastrophic events.

Some researchers have speculated that PD patients
with cardiac symptoms may have a problem with car-
diac nociception (Jeejeebhoy et al. 2000). Chest pain
during cardiac catheterization can be elicited in pati-
ents with a history of medically unexplained cardiac
symptoms by right ventricular pacing, contrast media
injection into the left coronary artery or adenosine
infusion (Cannon 1995). When performed on indi-
viduals with coronary artery disease, these procedures
are typically painless.

Medically unexplained cardiac symptoms in patients
with PD may reflect a syndrome of heightened sensitiv-
ity to visceral pain that occurs throughout the body.
For example, patients with noncardiac chest pain have
been found to have exaggerated pain sensitivity within
the esophagus (Cannon 1995). These patients, similar
to those with irritable bowel syndrome, have also been
found to have abnormal sensitivity to inflation of bal-
loon catheters in the upper and lower gastrointestinal
tract (Moriarty & Dawson 1982). Heightened visceral
pain sensitivity may therefore be attributed to increased
anxiety and panic symptoms leading to hypervigilance
toward internal body stimuli (Walker et al. 1995).

Microvascular angina

There is some research supporting the possibility of a
physiologic explanation for noncardiac chest pain in
patients with PD. A subset of angiographically normal
patients with chest pain have been found to have
dynamic blood flow abnormalities in the coronary
microvasculature which are not detected by angiogram
(Cannon 1988). The pain believed to be associated with
this phenomenon is referred to as microvascular angina.
Researchers have suggested that patients suffering from
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persistent chest pain in 50% of patients with known
coronary artery disease but no scintigraphic evidence
of ischemia (Jeejeebhoy et al. 2000).

Because psychiatric and cardiac symptoms may be
easily confused in patients with PD, patients with 
documented cardiac illness are especially likely to have
PD misdiagnosed (Bridges & Goldberg 1985). These
patients often present with crescendo angina, unrespons-
ive to treatment with antianginal medications, yet
potentially highly responsive to treatment with anti-
panic medication. Conversely, patients with potentially
life threatening cardiac conditions such as paroxysmal
supraventricular tachycardia, may be incorrectly labeled
as having PD (Lessmeier et al. 1997). It is critical for
clinicians to be cognizant of the overlapping cardiac
symptoms shared by both PD and cardiac disease and
minimize the risk of both false negative and false posit-
ive diagnoses of PD.

Establishing the diagnosis of PD in cardiac patients
is especially important in light of research that has
found that untreated panic symptoms may be associ-
ated with increased morbidity and mortality from
heart disease (Coryell et al. 1982). Several large cohort
studies, looking exclusively at male subjects, have
found that high levels of anxiety increase the risk of
fatal coronary heart disease by two to three times and
the risk of sudden cardiac death by as much as six
times that of patients with low anxiety levels, even
when controlling for potential confounding variables
such as family history of heart disease, cholesterol level
or alcohol or cigarette use (Kawachi et al. 1994a,b).

Several pathophysiologic mechanisms have been
postulated to account for this increased morbidity 
and mortality. The sympathetic autonomic effects of
untreated PD such as tachycardia and hypertension
may cause significant cardiac compromise in patients
with coronary artery disease. (Katon 1990; Jeejeebhoy
et al. 2000). Patients with PD are more likely to have
increased blood pressure and dangerously high heart
rates during treadmill stress testing than those without
PD (Taylor et al. 1987). Hyperventilation, which is
commonly associated with panic attacks, may lead to
coronary spasm, ventricular arrhythmias and myocar-
dial infarction (Kawachi et al. 1994a; Kaplan 1997).

There is evidence that PD may be associated with
transient ischemic events, independent of the presence
of hyperventilation. There is a growing body of research
demonstrating that mental stress leads to myocardial
ischemia in 50–70% of patients with coronary artery

microvascular angina have a limited ability to increase
blood flow in small cardiac vessels with increases in
heart rate. Microvascular angina may account for chest
pain in up to 75% of angiographically normal pati-
ents, and 40% of patients with microvascular angina
have been found to have PD (Cannon 1988; Roy-Byrne
et al. 1989). It remains unclear whether microvascular
angina is due to a primary cardiac etiology with signi-
ficant comorbidity with PD, or whether microvascular
angina and PD have a common centrally mediated 
etiology (Roy-Byrne et al. 1989). Evidence supporting
a central etiology comes from animal studies where
central nervous system stimulation leads to spasm of
small intramural coronary vessels (Wielgosz 1988), and
positron emission tomography studies showing that
patients experiencing chest pain with normal angio-
grams have been found to have characteristic patterns
of cerebral activation (Rosen & Camici 2000). Patients
with microvascular angina have also been found to have
increased smooth muscle tone. Some researchers have
speculated that patients with microvascular angina may
have a “generalized abnormality of the smooth muscle”
since the majority of them have been found to have
bronchial hyper-reactivity to methacholine challenge
tests, esophageal motility dysfunction, and abnormal
resistance in large forearm arteries as measured by blood
pressure cuff ischemia, in addition to increased vascular
resistance in coronary arteries (Cannon 1988).

PD and coronary artery disease

While PD is common in patients with medically 
unexplained cardiac symptoms, it is also prevalent 
in patients with documented coronary artery disease
(Zaubler & Katon 1996). Between 5% and 23% of
patients with chest pain and angiographic evidence 
of significant coronary artery disease have PD (Bass 
et al. 1983). Among patients with chest pain seen in 
an emergency room and found to have acute cardiac
ischemia, 19.4% have been diagnosed with PD. Sixty-
two percent of patients referred for ambulatory elec-
trocardiogram (ECG) recordings and found to have
ECG abnormalities have been diagnosed with PD
(Beitman et al. 1987; Katon et al. 1988; Chignon et al.
1993; Yingling et al. 1993). Between 9.2% and 12.4%
of patients seen in cardiology practices have PD, and
40–62.5% of these patients with PD are found to have
evidence of ischemic heart disease (Goldberg et al.
1990; Morris et al. 1997). PD is also a predictor of 
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disease (Dakak et al. 1995). Mental stress is defined as
the experience of a negative emotion such as depres-
sion or anxiety and may be elicited in a research setting
by having a subject perform complicated arithmetic
calculations or speaking publicly. Mental stress may
therefore be a proxy for panic symptoms; although,
further research, specifically on patients with PD, will
need to confirm this. There is evidence that patients with
coronary artery disease have endothelial dysfunction
in diseased vessels resulting in impaired ability to dilate
vessels during mental stress (Dakak et al. 1995; Fleet 
et al. 2000). This impaired ability to dilate vessels may
be mediated by mental stress induced alterations in α-
adrenoceptor activation and increased norepinephrine
(noradrenaline) release resulting in smooth muscle
contraction in diseased coronary vessels.

Alterations of the sympathovagal tone in the auto-
nomic nervous system may help to establish a link
between PD and sudden cardiac death (Kawachi et al.
1995). While increased sympathetic drive has tradi-
tionally been associated both with cardiac mortality
and anxiety, researchers have recently shown that
decreased parasympathetic (vagal) tone, as measured
by the heart rate variability between inspiration and
expiration, may play a critical role in the development
of panic symptoms (George et al. 1989) and in medi-
ating ventricular arrhythmias and cardiac death in
patients with anxiety (Fleet et al. 2000; Gorman &
Sloan 2000). Because of the lack of vagal excitation of
the sinus node during inspiration the heart rate speeds
up, while it slows down during expiration. Decreased

vagal tone leads to decreased heart rate variability,
which has been shown to be associated with sudden
cardiac death and may be so prevalent in patients with
panic symptoms that it may be a “diagnostic marker”
for PD (Yergani et al. 1993; Kawachi et al. 1995; Klein
et al. 1995; Yergani et al. 1995). Patients with PD have
also been found to have increased beat-to-beat QT
variability. An increase in QT variability appears to 
be associated with symptomatic patients with dilated
cardiomyopathy and also an increased risk of sudden
death. (Yeragani et al. 2000). Further research is 
necessary to determine whether panic causes decreased
heart rate and increased QT variability or vice versa,
and whether these parameters can be restored to normal
after patients have received effective treatment for their
PD (Zaubler & Katon 1998). There is some prelimin-
ary evidence that treatment of PD with a selective sero-
tonin reuptake inhibitor (SSRI) may normalize heart
rate variability (Gorman & Sloan 2000).

Mitral valve prolapse and PD

Mitral valve prolapse (MVP), a condition which
occurs when redundant mitral valve leaflets sag
toward the left atrial chamber during ventricular sys-
tole, shares many symptoms with PD such as atypical
chest pain, tachycardia, palpitations, dyspnea, light-
headedness, syncope, fatigue, and anxiety (Devereux
et al. 1976; Zaubler & Katon 1996; Fig. 16.2). Given
differences in the extent of mitral valve leaflet sagging
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Fig. 16.2 Overlapping symptoms in
patients with mitral valve prolapse
(MVP) and panic disorder (PD).



for PD in patients with MVP is likely to provide the
symptomatic relief that cardiac medication cannot
achieve. Anti-panic medications have been shown to
be equally effective in patients with PD and MVP as in
patients with PD alone (Gorman et al. 1981; Grunhaus
et al. 1984).

Idiopathic cardiomyopathy and PD

There is conflicting data regarding an association
between PD and idiopathic cardiomyopathy, a disease
characterized by progressive hypertrophy and dilatation
of the myocardium (Zaubler & Katon 1996). Between
20% and 23% of patients with PD have been shown to
have significant subclinical increases in left ventricular
chamber size and mass. These changes may signify the
early signs of a developing cardiomyopathy (Kahn et al.
1990). Researchers have speculated that the increased
adrenergic tone, tachycardia and high peripheral cate-
cholamine levels seen in patients with PD may lead to
cardiomyopathy (Gillette et al. 1985; Kahn et al.
1987). Further evidence for this theory is suggested by
studies where animals infused with catecholamines
developed cardiomyopathic changes (Laks et al. 1973;
Dargie & Goodwin 1982).

There is some evidence that as many as 51% of
patients with idiopathic cardiomyopathy have PD, far
greater than in patients with other severe cardiac con-
ditions such as rheumatic or congenital heart disease
(Kahn et al. 1987). A recent study by Griez et al. (2000),
however, found that the prevalence of PD among
patients with cardiomyopathy and cardiac failure was
no higher than in patients with other cardiac diseases
responsible for the cardiac failure.

Hypertension and PD

Researchers have found a significant association between
PD and hypertension. Patients with PD have been found
to have significantly higher rates of hypertension than
controls without PD (Noyes et al. 1980; Katon 1984;
Katon et al. 1986; White & Baker 1986; Balon et al.
1988). Davies et al. (1999) also found significantly
higher rates of PD in hypertensive patients receiving
treatment at primary care and hospital-based clinics
compared to normotensive control subjects. Among
hypertensive patients being screened for pheochromo-

necessary to make a diagnosis of MVP, the prevalence
rates of this disorder have been estimated to range
from 5% to 21%.

Because of the overlapping symptoms between MVP
and PD, researchers have investigated the comorbidity
between these two illnesses. While the prevalence of PD
among individuals with MVP is not higher than it is for
other cardiac illnesses, patients with both MVP and PD
may be more likely to seek medical care for their cardiac
symptoms than patients with MVP alone (Margraff 
et al. 1988; National Institute of Mental Health 1989).
Studies investigating the rate of MVP among individuals
with PD, on the other hand, have found a significant
correlation. As many as 18% of patients with PD com-
pared to 1% of control subjects without PD have been
found to meet criteria for MVP. When a less stringent
standard is used to make the diagnosis of MVP, up to
27% of patients with PD versus 12% of control sub-
jects meet criteria for MVP (Margraff et al. 1988).

Given the high prevalence of MVP among patients
with PD and the lack of any significantly increased
comorbidity in the reverse direction, some researchers
have speculated that PD may cause MVP (Zaubler &
Katon 1996). The tachycardia, increased sympathetic
discharge and high levels of catecholamines in the
peripheral circulation associated with PD may cause
desynchrony of ventricular contraction or anatomic
abnormalities of the mitral valve leaflets resulting in
MVP (Channick et al. 1981; Gorman et al. 1988). More-
over, researchers have found that MVP associated with
PD may be clinically distinct from MVP occurring in the
absence of PD (Weissman et al. 1987). Patients with
MVP and PD have been found to have greater increases
in mean blood pressure and heart rate during quiet
standing and the early strain phase of the Valsalva
maneuver than patients with MVP alone. On the other
hand, patients with MVP alone have been found to
have more syncope, increased orthostatic hypotension
during quiet standing, a loss of normal age-dependent
decrease of heart rate variability, and decreased 24-h
epinephrine (adrenaline) excretion than patients with
both MVP and PD (Zaubler & Katon 1996).

Given the comorbidity between PD and MVP it is
important that PD not be overlooked in patients with
MVP (National Institute of Mental Health 1989).
Patients with MVP and panic symptoms are typically
given beta-blockers with little improvement, leading to
persistent and failed efforts to diagnose and treat the
underlying psychopathology. Appropriate medication
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cytoma, an extremely rare chromaffin tissue tumor
typically found in the adrenal gland, 35% met criteria
for a lifetime diagnosis and 28% for a current diag-
nosis of PD. This is a strikingly high percentage given
that only 0.1% of hypertensive patients actually do
have a pheochromocytoma (Fogarty et al. 1994).
Clearly all patients undergoing testing for pheochro-
mocytoma should preliminarily be screened for PD
(Zaubler & Katon 1998).

The association between PD and hypertension may
in large part be mediated by the tendency of patients
with PD to hyperventilate. Panic related hyperventila-
tion, resulting in vascular contraction, has been shown
to lead both to transient and sustained increases in blood
pressure and tachycardia (Todd et al. 1995; Kaplan
1997). The increased adrenergic discharge seen in
patients with PD may also eventually cause irreversible
peripheral vasoconstriction resulting in chronic hyper-
tension (National Institute of Mental Health 1989).

Gastrointestinal illness and PD

It is well recognized that functional gastrointestinal
symptoms, characterized by the absence of any under-
lying structural or biochemical abnormality, are fre-
quently comorbid with anxiety. The symptoms most
commonly associated with PD are noncardiac chest pain
of esophageal origin and irritable bowel syndrome.

PD is highly prevalent in patients with normal
angiograms and chest pain (See PD and cardiac illness
above). While there is little data regarding the pre-
valence of esophageal disorder in these patients, estim-
ates suggesting an esophageal basis for the chest pain
range between 20% and 60% (Maunder 1998).

Irritable bowel syndrome (IBS), characterized by
intermittent diarrhea, constipation and abdominal pain,
is a very common disorder accounting for 20–52% of
new referrals to gastroenterologists (Drossman et al.
1988; Walker et al. 1990a). Between 8% and 17% of
the general population experience significant disability
due to IBS (Drossman et al. 1988; Lydiard et al. 1994).
Given the high prevalence of IBS, it is extremely import-
ant that clinicians be aware of the well-established
association between PD and irritable bowel syndrome
(IBS) (Walker et al. 1990a; Lydiard et al. 1993; Walker
et al. 1995). Walker et al. (1990b, 1995) found that the
current and lifetime prevalence of PD among patients
with IBS were 28% and 41%, respectively, compared

to a 3% current and 25% lifetime prevalence of PD
among controls with inflammatory bowel diseases
such as ulcerative colitis and Crohn’s disease. Lydiard
et al. (1993) found that 31% of patients with IBS met
the criteria for PD. Conversely, among patients with
PD, between 41% and 44% of patients have been
diagnosed with IBS (Lydiard 1997). The association
between PD and IBS is particularly noteworthy since
there is substantial evidence that many patients with
IBS, who are typically refractory to medical treat-
ments, experience decreased gastrointestinal symp-
toms and pain with antidepressants and anxiolytics
(Walker et al. 1990a; Lydiard 1997).

Several pathophysiologic models have been proposed
to account for the association between IBS and PD.
The enteric nervous system (ENS) is often referred to
as the “little brain” because of the extensive neuronal
interconnections in the gut and the elaborate commun-
ication between the ENS and central nervous system
(CNS). The locus coerulus serves as an important link
between the ENS and CNS. It is directly innervated by
the medullary nucleus solitarius (the principal locus
for afferent information from the gut) and receives
afferent information from the viscera (Walker et al.
1990a). Locus coerulus activation may occur secondary
to internal bowel events such as distension of the bowel
or stomach. This activation may lead to increased 
anxiety and may affect gastrointestinal function through
efferent connections to the gut. A vicious cycle may
ensue with gastrointestinal activity eliciting locus
coerulus discharge, leading to increased anxiety and
gastrointestinal dysfunction (Zaubler & Katon 1996).

Some researchers have suggested that patients 
with IBS have an abnormality of central modulation 
of smooth muscle tone. In addition to experiencing
hyperalgesia to colonic distension, patients with IBS
often complain of extra-abdominal symptoms which
may be due to smooth muscle dysfunction such as 
urinary frequency, urgency, retention, nocturia and
hyper-reactive bronchi in response to methacholine
challenge (White et al. 1991; Farthing 1995). More-
over, patients with noncardiac chest pain have abnorm-
alities of smooth muscle tone in forearm arterioles,
cardiac arterioles and extra-cardiac organ systems such
as the esophagus, and increased sensitivity to cardiac
as well as gastrointestinal pain (Cannon 1988; Cannon
et al. 1994). Patients with panic symptoms as well 
as patients with functional gastrointestinal symptoms
have also been found to have decreased vagal tone 
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Many pathophysiological mechanisms have been
proposed to account for the association between 
respiratory illness and PD. Klein (1993) suggests that
patients with PD have an abnormality in a “suffoca-
tion center” in the brain that prompts individuals 
to hyperventilate in response to a false perception of
asphyxia due to subtle increases in arterial carbon
dioxide (CO2) levels. Patients with chronic obstructive
pulmonary disease are likely to experience intermittent
hypercapnia which may lead to increased locus coerulus
activity, resulting in panic and hyperventilation
(Zandbergen et al. 1991). This hypothesis is supported
by the finding that exogenous CO2 has been found to
precipitate or worsen panic symptoms in most patients
with PD. Autonomic nervous system abnormalities
may lead to subclinical airway obstruction in patients
with PD (Perna et al. 1994). A high prevalence of panic
symptoms (35%) and disorder (10%) has also been
found in patients with allergies, raising the possibility
of immune system dysfunction mediating this associ-
ation (Ramesh et al. 1991; Schmidt-Traub et al. 1995).

Distortions of cognitive processing may also account
for the association between PD and respiratory illness.
Patients with PD may catastrophize somatic sensations
associated with respiratory illnesses. This, in turn,
leads to excessive concern about respiratory symptoms
regardless of their severity (Prozelius et al. 1992; Carr
et al. 1994). Panic symptoms may also develop if a
patient, having experienced frightening physical symp-
toms during a past respiratory illness, experiences 
similar but less severe symptoms that are reminiscent
of the those from the past. This conditioning effect
may account for the high prevalence of childhood 
respiratory illnesses (40%) and near death experiences
due to asthma in patients with PD (Yellowlees et al.
1987, 1988; Zandbergen et al. 1991).

Neurologic illness and PD

There is an association between PD and several neuro-
logic illnesses. Among patients presenting to their phy-
sician with complaints of headache nearly 15% have
PD (Stewart et al. 1989, 1992). Patients with migraine
headaches, compared to those without, are 3 times
more likely to have PD and 12 times more likely to
develop PD in the year following their migraine diag-
nosis (Merikangas et al. 1990; Breslau & Davis 1993).
Dizziness is one of the most common panic symptoms

as measured by heart rate variability (Yeragani et al.
1993; Haug et al. 1994; Kawachi et al. 1995; Yergani
et al. 1995). Decreased vagal tone may therefore be
another possible CNS mechanism mediating the asso-
ciation between PD and functional gastrointestinal
symptoms.

The neuropeptide cholecystokinin (CCK) may also
account for the comorbidity between panic and func-
tional gastrointestinal symptoms. CCK, commonly
found in both the CNS and ENS, regulates gastroin-
testinal motility and induces panic-like attacks in the
majority of patients with PD (De Montigny 1989;
Maunder 1998).

Respiratory illness and PD

PD and respiratory illness share many symptoms such
as hyperventilation-induced dyspnea, choking, suffoca-
tion, chest pain and increased anxiety. Because of 
these overlapping symptoms, researchers have estab-
lished a clear association between PD and respiratory
illness, with a particular focus on patients with asthma.
Between 6.5% and 24% of asthmatic patients suffer
from PD and as many as 42% of asthmatic patients
experience panic attacks (Kinsman et al. 1973;
Yellowlees et al. 1987; Yellowlees et al. 1988; Shavitt
et al. 1992; Carr et al. 1994). Among patients referred
for pulmonary function testing, 17% reported having
panic attacks and 11% had PD (Pollack et al. 1996).
Patients with PD are three times more likely to have
asthma, bronchitis, emphysema, or allergy than patients
without psychiatric illness and have a significantly
higher prevalence of these illnesses compared to patients
with other psychiatric disorders (Zandbergen et al.
1991; Spinhoven et al. 1994).

Panic symptoms lead to significantly increased dis-
ability and morbidity in patients with asthma. Patients
with PD and asthma, independent of the magnitude of
objective pulmonary dysfunction, have more frequent
hospital admissions, longer hospital stays and more
frequent steroid use than asthmatic patients without
PD (Carr 1997). Patients with PD and asthma com-
pared to asthmatic patients without PD are more likely
to hyperventilate in response to stressful situations
which, in part, may account for the increased morbid-
ity seen in these patients. They tend to have bronchodil-
ated airways and a decreased lower airway impedance
to stressful stimuli (Carr et al. 1996).
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reported in 50% to 90% of patients with PD
(Asmundson et al. 1998). This has prompted researchers
to explore an association between PD and vestibular
dysfunction. The vast majority of studies exploring this
association have found a very high prevalence of vesti-
bular abnormalities in patients with PD (Asmundson
et al. 1998). One carefully controlled study found that
93.1% of patients with PD and moderate agoraphobia
have vestibular dysfunction compared to 41.7% of
healthy control subjects (Jacob et al. 1996). Conversely,
several studies have shown that approximately 20% 
of patients referred for audiologic and/or vestibular
assessment have PD (Asmundson 1998). Given the
increasingly well-established association between PD
and dizziness, it is critical that clinicians routinely
screen for PD in patients complaining of dizziness even
when there is evidence of vestibular dysfunction.

Patients with a lifetime diagnosis of PD may have 
a two-fold increased risk of having a stroke compared
to those with other psychiatric disorders or no psychi-
atric disorder (Weissman et al. 1990). The relatively
high prevalence of left ventricular hypertrophy and
hypertension in patients with PD may account for this
association (Coryell et al. 1982). Studies investigating
the association between seizure activity and PD have
been less conclusive. Temporal lobe epilepsy and PD
share many symptoms such as fear, terror, tachycar-
dia, hyperventilation, flushing, diaphoresis, deper-
sonalization and derealization. While there is little
data supporting a clear association between these two
illnesses, panic-like attacks have been reported in
response to temperolimbic stimulation and are more
likely to occur in individuals with right temporal lobe
mass lesions or those who have had a right temporal
lobectomy (Wall et al. 1985, 1986; Ghadirian et al.
1986; Lepola et al. 1990). Most patients with PD,
however, have normal electroencephalograms (EEG)
and computerized tomography (CT) findings (Lepola
et al. 1990; Spitz 1991). Interestingly, in one study up
to 70% of patients with psychogenic seizures were
found to have PD (Snyder et al. 1994).

Conclusion

Patients with PD are very prevalent in the medical 
setting and account for significant overutilization of
medical services, functional disability and increased
morbidity. While it may be difficult to discern whether

a patient’s symptoms are due to an underlying medical
problem or to PD, it is critical that clinicians be aware
that PD and many different medical illnesses and med-
ical symptoms are comorbid. Treatment of panic is
equally efficacious whether or not there is comorbid
medical illness. Moreover, without treatment the med-
ical symptoms experienced by patients with PD will
typically escalate leading to ever more costly and invas-
ive medical investigations and growing distress in the
patient who cannot find any relief from his or her panic
symptoms. Further research is likely to provide greater
understanding of the pathophysiologic links between
PD and various medical illnesses, and the impact that
treatment may have not only on ameliorating panic
symptoms but also on decreasing morbidity in the
medically ill with PD.
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Benzodiazepines
C. Faravelli, S. Rosi & E. Truglia

specific symptoms (e.g., sleep or muscle tension), or in
an emergency situation may be sensible.

Pharmacodynamics

The main effects of benzodiazepines are to decrease
anxiety, produce sedation sleep, muscle relaxation,
anterograde amnesia and to have anticonvulsant 
activity. These result from their action on the central
nervous system (CNS). There are only two effects of
these drugs that seem to derive from actions on peri-
pheral tissues. One is coronary vasodilatation, occurring
after intravenous administration of therapeutic doses
and involving an inhibition of adenosine metabolism
through the blocking of the nucleoside transporter
(Seubert et al. 2000). The other is neuromuscular
blockade that occurs only with very high doses pos-
sibly involving the motoneurones GABAA receptors
(Rudolph et al. 1999; Crestani et al. 2001).

Benzodiazepines exert their actions on the CNS
through the enhancement of the actions of γ-aminobu-
tirric acid (GABA), the main inhibitory neurotrans-
mitter in the mammalian brain. Two major subtypes
of receptors (GABAA and GABAB) mediate GABA
action in the CNS. GABAB receptors are metabotropic
receptors coupled to G proteins; GABAA receptors are
responsible for most of the inhibitory neurotransmis-
sion in the CNS, are ionotropic receptors composed 
of five subunits assembled to form an integral chloride
channel. Binding of two molecules of GABA increases
the channel permeability to chloride ions which then
hyperpolarizes the cell membrane and reduces the

315

Introduction

Following their introduction in the 1960s, the benzo-
diazepines rapidly displaced previous pharmacological
treatments for anxiety disorders, such as the barbitur-
ates and meprobamate, due to their effectiveness and
safety. Benzodiazepines gained an enormous popularity
and in the mid-1970s they had become the most widely
prescribed class of psychotropic drugs in the world
(Balter et al. 1974). Their widespread utilization, how-
ever, caused an increasing amount of concern, mostly
because of the emerging evidence of their liability to
cause abuse and dependence phenomena. This lead to
a debate over the value of the benzodiazepines that
often relied on emotive and ideological, rather than on
scientific, issues.

Despite these concerns the benzodiazepines remain
a widely prescribed, generally safe and effective treat-
ment for many anxiety disorders because abuse and
dependence do not seem to occur in the great majority
of patients. However, it must be acknowledged that
even in the absence of clear dependence phenomena,
benzodiazepines are more difficult to discontinue than
other antianxiety drugs. Moreover, benzodiazepines are
not effective in treating depression, a condition that
frequently coexists with anxiety (Nutt 2000). Given
the present availability of other effective treatment
options for anxiety, in the opinion of several expert
groups the benzodiazepines are no longer a first-choice
treatment for any anxiety disorder (with the possible
exception of adjustment disorder with anxiety). On
the other hand the use of benzodiazepines as adjunct-
ive treatment in order to induce rapid control of
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The existence of several subunits and their coas-
sembling determines the existence of various subtypes
of GABAA receptors. These different subtypes of the
benzodiazepine receptor have different distributions 
in the CNS and probably subserve different func-
tions, through different sensitivity to benzodiazepines
and other ligands. Although theoretically hundreds 
of thousands of different GABAA receptors could be
assembled from the different subunits, there are con-
straints limiting their number (Sieghart et al. 1999).

Many compounds bind to GABAA receptors in dif-
ferent sites (Table 17.1). Benzodiazepine binding sites
are on the α subunits, whereas the GABA binding sites
are in the β subunits. Studies of cloned GABAA recep-
tors have shown that the coassembly of two α and two
β subunits produce a chloride channel receptor sensi-
tive to GABA, barbiturates and their antagonists that
binds benzodiazepines but is not sensitive to their
effects (Valeyev et al. 1993). The coassembly of a γ
subunit with α and β subunits is necessary to confer
benzodiazepine sensitivity (Boileau et al. 1998). GABA,
benzodiazepine and steroid binding sites are function-
ally interacting: the activation or the inhibition of one
of these sites by its specific agonists or antagonists
changes the other sites binding capacity resulting in
positive or negative modulation of the channel activity.
Benzodiazepines binding to their site facilitates GABA
and barbiturate binding, and barbiturates binding to
their site facilitate GABA and benzodiazepine binding.

The benzodiazepine binding site on the GABAA
receptor is called the central benzodiazepine receptor.
Three different binding sites have been identified and
were initially called the BZ1, BZ2 and BZ3 binding
sites. BZ1 and BZ2 sites are present only in the CNS
neurones (central benzodiazepine receptors), while BZ3

depolarizing effects of excitatory stimuli thus reducing
neuronal excitability.

In the 1970s specific binding sites for the benzodi-
azepines, subsequently defined ‘benzodiazepine recep-
tors’ were discovered in the CNS. The correlation
between the GABAA receptor and the benzodiazepine
receptor was subsequently shown, when it was observed
that GABA potentiated benzodiazepine binding to this
receptor. At the end of the 1980s the sequence and 
the functional expression of genes codifying for two
GABAA receptor subunits were identified and it was
shown that these subunits could form a functioning
chloride channel (Mamalaki et al. 1987). Subsequently
an additional component of the GABAA receptor that
permitted formation of a chloride channel sensitive 
to benzodiazepines was identified, thus showing that
GABA and benzodiazepine receptors were part of the
same molecular complex (Pritchett et al. 1989). Benzo-
diazepines are positive allosteric modulators of the
GABAA receptor; they do not directly open the chloride
channel but binding to their receptor site, which is dif-
ferent from the GABA binding site, increases the opening
frequency of the channel in the presence of GABA,
without changing its opening time or conductance.

Each GABAA receptor is thought to consist of a pen-
tamer made up of five subunits. Thus far, 16 different
subunits have been identified and classified into seven
families: six α (α1–6), three β (β1–3), three γ (γ1–3) and
single δ, ε, π and θ subunits. Additional complexity
derives from ribonucleic acid (RNA) splice variants 
of some of these subunits (Charney et al. 2000). The
exact subunit structures of native GABAA receptors
remains unknown, but it is thought that most GABA
receptors are composed of α, β and γ subunits that
coassemble with a stochiometric ratio of 2: 2: 1.
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Table 17.1 GABAA receptor ligands.

GABA BDZ Barbiturate Steroid Other 
binding site binding site binding site binding site binding sites

Agonists GABA, BDZ Barbiturates Allopregnanolone, Anesthetics 
muscimol imidazopyridines, allotetrahydroethanol 

cyclopyrrolones deoxycorticosterone

Antagonists Bicuculline Flumazenil Picrotoxin Pregnenolone t-butylbicyclosulfate 
phosphorothionate

Inverse agonists β-carbolines

BDZ, benzodiazepine; GABA, γ-aminobutirric acid.
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is expressed in the CNS by the glial cells and in the
peripheral tissues, e.g., by steroidogenic cells in the
adrenal cortex and in the testis and by other cells in 
the lungs, kidneys, liver, spleen, skin and blood
(Beurdeley-Thomas et al. 2000; Marino et al. 2001); it
is therefore called peripheral benzodiazepine receptor.

It is generally thought that BZ1 and BZ2 mediate
the typical pharmacological effects of the benzodi-
azepines, while the physiological role of the peripheral
receptor has not yet been defined, neither is there solid
evidence that it is associated to the GABAA receptor.
Recent studies suggest that BZ3 is located in the outer
mitochondrial membrane, where it seems involved in
the regulation of steroidogenesis, both in the peri-
pheral tissues and in the CNS. Putative natural ligands 
of this receptor could be “endogenous” or “natural”
benzodiazepines (or “endozepines”) like the diazepam
binding inhibitor and its two major processing products,
the octaneuropeptide and the triakontatetraneuropep-
tide, also interacting with central-type benzodiazepine
receptors and probably stimulating neurosteroid bio-
synthesis (Costa & Guidotti 1991; Papadoupolus et al.
1997; Do-Rego et al. 1998, 2001).

Recently a commission of the International Pharma-
cology Association has proposed to define benzodi-
azepine binding sites ‘ω receptors’, because these sites
also interact with nonbenzodiazepinic ligands. Currently
the BZ1 site, or ω1 receptor, is associated to the com-
bination of subunits α1 β3 γ2, while the binding site
BZ2, or ω2 receptor, seems associated to the combina-
tion α2 β3 γ2. Other binding sites, located on the sub-
units α3, α4, α5 and α6 have been recently identified
and classified according to their affinity for different 
ligands (Table 17.2). Activities at different ω receptor
subtypes may be associated with different pharmaco-
logical effects of benzodiazepine receptor ligands: ω1

receptors play an important role in the anxiolytic and
sedative/hypnotic effects, whereas activity at ω2 sites
could be associated primarily with muscle relaxation
(Griebel et al. 1999).

Receptor affinity or potency refers to the different
affinity of various benzodiazepine receptor ligands for
their binding site (Table 17.3). High potency benzodi-
azepines act at more minor doses than low potency
ones because they have a higher affinity for the benzo-
diazepine receptor. Potency may influence not only the
therapeutic dose, but also the possible specificity of
action of certain benzodiazepines in certain clinical
conditions; for instance, a higher efficacy on panic 
disorder has been suggested for high potency benzodi-
azepines (Gorman et al. 1989). Moreover, different
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Table 17.3 Affinity of different ligands for the GABAA

receptor benzodiazepine binding site.

Drug IC50*

Triazolam 0.49
Imidazenil† 0.90
Clonazepam 0.95
Flunitrazepam 1.10
Lorazepam 2.47
Bretazenil† 2.60
Chlordesmethyldiazepam 2.75
Alprazolam 7.34
Diazepam 12.10
Flurazepam 12.50
Chlordiazepoxide 360.00

*IC50 = concentration (expressed in nMol/L) necessary to inhibit
50% of the flunitrazepam binding to rat cerebral cortex membranes.
†Nonbenzodiazepinic compounds.

Table 17.2 Different GABAA receptor subtypes, with different α subunits.

GABAA receptor 
(α1–6 β3 γ2) α subunit Different affinity of different ligands for the binding site in the α subunit

A1 α1 High affinity for zolpidem, CL 218 872, 2-oxoquazepam, β-carbolines
A2 α2 Preferential affinity ligands do not exist for this site
A3 α3 Low affinity for CL 218 872
A4 α4 Insensitive to diazepam and imidazopyridines, sensitive to bretazenil
A5 α5 Low affinity for imidazopyridines
A6 α6 Insensitive to diazepam and imidazopyridines, cyclopyrrolones and CL 218 872



not currently employed as therapeutic drugs. The 
benzodiazepines receptor response to compounds with
different intrinsic activity is a dynamic property. For
instance, after chronic benzodiazepine treatment, there
is a change in the set-point of the receptor: agonist
effects are attenuated, inverse agonist effects are
enhanced, and antagonists become slightly inverse
agonistic in their effects. An explanation for this finding
is a receptor shift in the inverse-agonist direction. This
change has been suggested to contribute to benzodi-
azepine withdrawal (Nutt & Malizia 2001). Changes
in the efficacy of benzodiazepines, such as seen in 
tolerance, are associated with reduced expression of α1
subunits during chronic administration and increased
expression of α4 subunits during withdrawal of benzo-
diazepines (Follesa et al. 2001). Differences in intrinsic
activity and in receptor affinity may explain why dif-
ferent benzodiazepines, although producing similar
pharmacological effects, exhibit differences in the speci-
ficity of the pharmacological effect and in the intensity
of side-effects.

There is some recent evidence beginning to point out
which GABAA receptor subunits are responsible for
some specific in vivo effects of benzodiazepines. The
mutation to arginine of a histidine residue at position
101 of the α1 subunit renders receptors containing 
that subunit insensitive to the sedative, amnestic and,
in part, the anticonvulsant effects of diazepam, while
retaining sensitivity to anxiolytic, muscle-relaxant 
and ethanol enhancing effects (Rudolph et al. 1999;
McKernan et al. 2000). Conversely, mice bearing the
equivalent mutation in the α2 subunit display insens-
itivity to anxiolytic effects of diazepam (Low et al.
2000). The attribution of specific behavioral effects of
benzodiazepines to individual receptor subunits will
help in the development of new compounds exhibiting
fewer undesired side-effects. For example, the exper-
imental compound L838 417 enhances the effects of
GABA on receptors composed of α2, α3 or α5 subunits
but does not have efficacy on receptors containing the
α1 subunit; it is thus anxiolytic but not sedating
(McKernan et al. 2000).

Pharmacokinetics

Table 17.5 summarizes the main pharmacokinetic
parameters of the benzodiazepines that are most widely
employed in the treatment of anxiety.

benzodiazepines may have different affinity for differ-
ent receptor subtypes, with different clinical effects:
for instance, it has been suggested that lormetazepam
may be a potent hypnotic agent with less ataxic effect
than other hypnotic benzodiazepines because it is more
selective and acts potently on ω1 receptors (Ozawa 
et al. 1991).

Benzodiazepine receptor ligands can act as agonists,
antagonists or inverse agonists at the benzodiazepine
receptor site (Table 17.4: Nutt & Malizia 2001).
Agonists increase the amount of chloride current gen-
erated by the GABAA receptor activation and shift the
GABA concentration-response curve to the left, while
inverse agonists have opposite actions. Full inverse
agonists, such as β-carbolines, produce effects that are
opposite to those of full agonists: they are anxiogenic,
proconvulsant, stimulating and memory activating.
All of these effects can be blocked by antagonists at the
benzodiazepine receptor site. Antagonists, for instance
flumazenil, are molecules without intrinsic activity, in
the absence of agonists or inverse agonists, an antag-
onist does not affect GABAA receptor function.

Partial agonists such as bretazenil, imidazenil and
abecarnil are in an intermediary position; theoretically
they offer the possibility to separate desired clinical
effects (anxiolysis) from unwanted side-effects such as
sedation, ataxia, memory disturbances or dependence.
So far the data are not convincing, because a powerful
partial agonist does not behave very differently from
full agonists and a low potency partial agonist has not
enough clinical activity (Haefely 1988; Griebel et al.
1999).

Partial inverse agonists, such as RU 33965, sarm-
azenil, FG 7142, are anxiogenic and memory activating
and so may be useful in the treatment of age-associated
memory impairment (Zhang et al. 1995), but they are
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Table 17.4 Intrinsic activity of benzodiazepine receptor
ligands.

Intrinsic activity Compounds

Full agonists Benzodiazepines
Partial agonists Bretazenil, imidazenil, abecarnil
Antagonists Flumazenil
Partial inverse agonists RU 33965, sarmazenil, FG 7142
Full inverse agonists β-carbolines
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Absorption

The benzodiazepines are generally well absorbed fol-
lowing oral administration so their onset of action is
limited by the absorption rate, rather than by the much
more rapid passage from blood to brain (Greenblatt 
et al. 1983a,b). As benzodiazepines are generally
highly lipophilic compounds they quickly cross the
blood–brain barrier, as demonstrated by the rapid
onset of action after intravenous administration, rang-
ing from 15 s to 30 s to a few minutes (Arendt et al.
1983).

The absorption rate of benzodiazepines in the gut
mostly depends on variations in their lipid solubility;
as though all benzodiazepines have high lipophilicity,
there are significant differences among the individual

compounds. Therefore, the rate of absorption shows 
a broad variability, and peak plasma concentrations
occur after an interval that ranges from 0.5 h to 1 h for
those benzodiazepines with the highest lipophilicity to
some hours for the less lipophilic agents (Shader et al.
1984). Rapidly absorbed benzodiazepines could be
preferable whenever quick therapeutic effects are
desirable; on the other hand, some patients may per-
ceive a rapid onset of action as an unwelcome feeling
of drowsiness or loss of control and therefore tolerate
better slowly absorbed drugs (Greenblatt et al. 1983a).
Given that speed of onset of drug action is considered
as an important determinant of the reinforcing effects,
it has been suggested that the speed of absorption 
may influence the relative potential for the abuse of a
benzodiazepine (Busto et al. 1989; de Wit & Griffith
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Table 17.5 Pharmacokinetic parameters of selected benzodiazepines.

Peak plasma Plasma 
concentration after protein 
p.o. administration binding (%) Main metabolic pathway Duration of action* (h)

Alprazolam 1.0–2.0 70 Oxidation (alprazolam-like) Short-acting
Bromazepam 0.5–4.0 70 Oxidation (nordiazepam-like) Short-acting
Brotizolam 0.5–2.0 90 Oxidation (alprazolam-like) Short-acting
Chlordesmethyldiazepam 1.0–2.0 95 Oxidation (nordiazepam-like) Long-acting
Chlordiazepoxide 1.0–2.0 95 Oxidation (pronordiazepam-like) Long-acting
Clobazam 1.0–4.0 85 Oxidation (pronordiazepam-like) Long-acting
Clonazepam 1.0–4.0 85 Nitroreduction Intermediate-acting
Clorazepate 1.0–2.0 95 Oxidation (pronordiazepam-like) Long-acting
Diazepam 0.5–1.5 95 Oxidation (pronordiazepam-like) Long-acting
Etizolam 3.0 90 Oxidation (alprazolam-like) Short-acting
Flunitrazepam 1.0 75 Nitroreduction Short-acting
Flurazepam 0.5–1.0 95 Oxidation (pronordiazepam-like) Long-acting
Halazepam 1.0–3.0 95 Oxidation (pronordiazepam-like) Long-acting
Ketazolam 2.0–3.0 90 Oxidation (pronordiazepam-like) Long-acting
Lorazepam 1.0–2.0 90 Direct conjugation Short-acting
Lormetazepam 2.0 Direct conjugation Short-acting
Midazolam 0.5–1.0 95 Oxidation (alprazolam-like) Short-acting
Nitrazepam 0.5–7.0 85 Nitroreduction Intermediate-acting
Nordiazepam 1.0–2.0 95 Oxidation (nordiazepam-like) Long-acting
Oxazepam 2.0–3.0 95 Direct conjugation Short-acting
Prazepam 2.5–6.0 95 Oxidation (pronordiazepam-like) Long-acting
Quazepam 1.0–3.0 95 Oxidation (pronordiazepam-like) Long-acting
Temazepam 2.5 95 Direct conjugation Short-acting
Triazolam 1.0–2.0 90 Oxidation (alprazolam-like) Short-acting

*Short-acting, drug or active metabolites with a half-life of less than 24 h; intermediate-acting, drug or active metabolites with a half-life of 
24–48 h; long-acting, drug or active metabolites with a half-life of more than 48 h.



from several benzodiazepines in patients with hypoal-
buminemia has been reported (du Souich et al. 1993).
In such patients lower doses should be used and careful
clinical monitoring is therefore required. Again due to
their high lipophilicity, benzodiazepines are quickly
removed from plasma to brain and lungs. The distribu-
tion to this compartment is followed by a second-
phase redistribution to less perfused areas, primarily
the adipose tissue (Bailey et al. 1994).

Half-life and metabolism

Benzodiazepines are often classified according to their
elimination half-life. It must be remembered, however,
that the half-life of elimination should not be confused
with duration of action (Task Force Report of the
American Psychiatric Association 1990). In fact, for
single dose or very short-term administration, such 
as in the short term or intermittent therapy of acute
anxiety states or in the treatment of sleep disorders, the
duration of action of benzodiazepines is strongly
influenced by their lipid solubility, which in turn deter-
mines tissue distribution. Absorption and crossing 
of the blood–brain barrier are quicker for highly
lipophilic compounds, but they are also have a higher
brain clearance rate and are more rapidly redistributed
from brain and blood to peripheral inactive compart-
ments such as adipose tissue. This explains the fact
that benzodiazepines with a long elimination half-life
and a high lipophilicity, such as diazepam, may have 
a shorter duration of action than agents with a short
elimination half-life but a lower lipophilicity, such as
lorazepam (Greenblatt et al. 1983a,b).

With multiple dosing of benzodiazepines, however,
half-life becomes a reliable index, since repeated ad-
ministration leads to saturation of the adipose tissue,
that serves as a depot for leaching out of the drug and
its active metabolites (Bailey et al. 1994).

However, the benzodiazepines require metabolism
by liver enzymatic systems to be biotransformed into
more polar, water-soluble products which are readily
eliminated through renal excretion (Shen 1997). They
can therefore be classified according to their main
metabolic pathway, which in turn is the main deter-
minant of their actual duration of action on clinical
grounds. The real clinical duration of their effect, is
given by the sum of the parent compound plus all 
its active metabolites. 3-hydroxybenzodiazepines (lor-
azepam, lormetazepam, oxazepam and temazepam)

1991). Consequentially, although decisive evidence on
this topic is still lacking, slowly absorbed drugs may
offer some advantages when a high likelihood of abuse
is suspected.

It must be remembered, however, that aside from
the intrinsic characteristics of each compound, the
absorption rate also depends on the pharmaceutical
formulation. A good example is temazepam which is
slowly absorbed from conventional tablet formulation
but has a fast onset of action when prepared in a solu-
tion of propylene glycol. Such a liquid formulation
was used in the early days to accelerate the speed of
hypnotic onset but these gel-filled capsules became
much sought after and abused as the liquid could be
injected intravenously.

Benzodiazepine administration after a meal may
result in delayed absorption because of the physiological
slowing of gastric emptying (Greenblatt 1991). This
has probably no clinical relevance unless a quick onset
of action is absolutely necessary. Benzodiazepine
absorption may be reduced in inflammatory gastroin-
testinal disease, although few data are available and
the clinical significance of this observation is uncertain
(Gubbins & Bertch 1991).

After oral administration benzodiazepines undergo
a relevant first-pass hepatic inactivation which limits
their bioavailability. Conversely, doses administered
by sublingual route avoid first-pass metabolism and
may therefore produce earlier and higher peak concen-
trations than do doses administered orally (Kroboth 
et al. 1995).

Following intramuscular injection, the absorption
of benzodiazepines is generally erratic with the excep-
tion of lorazepam (Greenblatt et al. 1983a,b), which
therefore should be considered as the drug of choice
for intramuscular use. However, intramuscular injec-
tion seems to offer only marginal advantages in terms
of speed of absorption when compared to oral or sub-
lingual administration (Greenblatt et al. 1982) and
should be reserved for noncollaborative patients.

Plasma protein binding

The binding of benzodiazepines to plasma proteins
correlates with lipid solubility and ranges from about
70% for alprazolam to nearly 99% for diazepam.
While there is currently no evidence of clinically signi-
ficant effects due to competition with other protein-
bound drugs, an increased incidence of side-effects
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do not require oxidative metabolism; they rapidly
undergo glucuronide conjugation to inactive com-
pounds which are quickly excreted by the kidney.
Consequentially, they are short-acting drugs with no
active metabolites and their elimination is not affected
by inhibition or induction of the hepatic oxidative
metabolism. Pronordiazepam-like benzodiazepines
(Fig. 17.1), of which the prototype is diazepam, are
long-acting compounds that require oxidation by
cytochrome P450-dependent mono oxygenases (CYP
450) in the liver to nordiazepam or its homologues,

which are active compounds (in fact, they are often
commercially available as prescription drugs) with a
long elimination half-life, thus substantially contribut-
ing to the pharmacological activity of the parent drug.
Nordiazepam and its homologues require further 
CYP 450-mediated oxidation to form oxazepam (or its
halogenated homologues) which are rapidly conjugated
and eliminated.

Other compounds (alprazolam-like benzodiazepines)
also require CYP 450-mediated oxidation; the result-
ing metabolites have psychoactive properties, but they
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Fig. 17.1 Metabolism of
pronordiazepam-like and of 
3-hydroxybenzodiazepines.



oxidative metabolism is much more affected (Rodighiero
1999). Consequentially, directly conjugated compounds
should be preferred in the elderly or in patients with
liver impairment. Several drugs affect the functions 
of the cytochrome P450 isoenzymes involved in the
oxidative metabolism of benzodiazepines, leading to
pharmacokinetic interactions some of which have clin-
ical relevance (see Drug interactions); the likelihood 
of drug interactions is much reduced with directly con-
jugated compounds.

It is not clear whether renal impairment leads to
clinically meaningful effects on the kinetics of benzodi-
azepines. A report has attributed the development of
encephalopathy to the administration of benzodiaze-
pines in patients on maintenance haemodialysis (Taclob
& Needle 1976). Subsequent studies suggested that
reduced plasma protein binding and secondary altered
benzodiazepine distribution are possible and a reduc-
tion in the clearance of the unbound drugs has been
proposed (Ochs et al. 1981; Greenblatt & Wright
1993). In the absence of more decisive evidence, care-
ful monitoring of the emergence of unwanted effects is
required and dosage reduction is advisable.

Benzodiazepines cross the placental barrier and are
excreted into breast milk (Mortola 1989; Llewellyn 
& Stowe 1998). If the use of a benzodiazepine during
breast-feeding is necessary, compounds with minimal
distribution into breast milk and metabolites not signi-
ficantly contributing to pharmacological activity, such
as lorazepam, oxazepam or alprazolam are to be pre-
ferred (Chisholm & Kuller 1997).

Drug interactions

Although concurrent administration of benzodiazepines
and tricyclic antidepressants (TCAs) is rather frequent;
there is little evidence concerning the possibilities of
relevant pharmacokinetic interactions (Silverman &
Braithwaite 1973; Gram et al. 1974; Dugal et al. 1975;
Deicken 1988) and the combination is generally con-
sidered as safe (General Practitioner Clinical Trials 1969;
Wells et al. 1988). However, additive CNS depression
is possible and may result in increased impairment of
psychomotor performance (Moskowitz & Burns 1988).
There are also a few reports of patients receiving
amitriptyline and chlordiazepoxide who experienced
manifestation of toxicity such as delusions, confusion,
agitation or disorientation (Beresford et al. 1988).

are rapidly inactivated through conjugation and thus
do not contribute to the pharmacological activity of
the parent drug. Compared with pronordiazepam-like
benzodiazepines, these drugs have a short duration 
of action, but for both groups elimination can be
influenced by conditions affecting the hepatic oxidat-
ive metabolism. 7-nitrobenzodiazepines, such as clon-
azepam, generally have an intermediate duration of
action; they undergo reduction of the nitro group to
form both active and inactive compounds. The com-
bination of half-life and number of active metabolites
is probably the main factor that may influence the
choice of a specific benzodiazepine.

Drugs with a long clinical duration may offer the
advantages of a sustained effect and of a lower likeli-
hood of a discontinuation syndrome with rapid recur-
rence of anxiety symptoms if treatment is stopped
abruptly. On the other hand with these agents drug
accumulation is more frequent and therefore the risk
of adverse events deriving from psychomotor impair-
ment is considered as higher, especially in the elderly.
Conversely, short-acting benzodiazepines are thought
to be safer from this point of view, but they may result
in more severe withdrawal phenomena with a conse-
quentially higher risk of physiological dependence and
they may more easily induce tolerance (Shader &
Greenblatt 1993; Petursson 1994). However, it must
be recognized that the existence of these relationships
between half-life and unwanted effects of benzodiaze-
pines has not always emerged, especially in pharmaco-
epidemiological studies. In fact, it has been suggested
that dosage is a much more important determinant of
whether a regimen is potentially hazardous than half-
life (Cumming 1998; Salzman 1998).

The metabolism of benzodiazepines can be influenced
by some conditions. Old age is associated with an im-
pairment of the clearance of those benzodiazepines
that are primarily metabolized by microsomal oxida-
tion and consequentially an increase in their half-life
may occur leading to an increased accumulation and
subsequent adverse events during multiple dosage.
Conversely, for those benzodiazepines metabolized
mainly by glucuronide conjugation or nitroreduction
there are minimal, if any, age-related decrements in
clearance (Greenblatt et al. 1991; Hammerlein et al.
1998).

Liver disorders also lead to an impairment of the
metabolism of benzodiazepines; although glucuronid-
ation is not spared when liver disease is severe, the
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Therefore, this combination requires some caution,
especially when using TCAs with high sedation poten-
tial. A single study suggested that benzodiazepines
coadministration may increase the risk of hepatitis
induced by the TCA amineptine (Lefebure et al. 1984).

Combination therapy with a benzodiazepine and a
selective serotonin reuptake inhibitor (SSRI) is also
common. Some SSRIs are inhibitors of cytochrome
P450 enzymes; therefore, there is a relevant potential
for pharmacokinetic interactions with oxidatively
metabolized benzodiazepines. Conversely, interactions
with directly conjugated or nitroreduced benzodiaze-
pines are less likely to occur. Both fluvoxamine and
fluoxetine have been shown to determine relevant
increases in the plasma levels of oxidatively metabol-
ized benzodiazepines (Greenblatt et al. 1992; Fleishaker
& Hulst 1994), while the potential for clinically relev-
ant interactions with benzodiazepines is considered to
be less for paroxetine, sertraline or citalopram (Sproule
et al. 1997). Although there is a case report of delirium
attributed to the interaction of fluoxetine and dia-
zepam (Dent & Orrock 1997), the clinical relevance 
of the interactions between SSRIs and oxidatively
metabolized benzodiazepines is still a debated issue.
We hold the view that directly conjugated benzodi-
azepines should be preferred when such an association
is planned.

The coadministration of monoamine oxidase inhib-
itors and benzodiazepines is generally safe (Suerinck 
& Suerinck 1966; Frommer 1967), although there 
are a few reports of adverse events such as massive
oedema, excessive sweating and postural hypotension
(Pathak 1977; Harris & McIntyre 1981) that have
been attributed to this combination. Nefazodone is 
a potent inhibitor of cytochrome P450 enzymes; it 
can cause relevant increases of the plasma levels of
oxidatively metabolized benzodiazepines leading to an
increase in psychomotor impairment and sedation,
and therefore this association is potentially hazardous.
Conversely, directly conjugated benzodiazepines seem
safe (Greene & Barbhaiya 1997; Rickels et al. 1998).

The combination of lithium carbonate and ben-
zodiazepines is less frequently used, and there is very
little evidence of adverse events with the exception of 
a single case of profound hypothermia in a patient 
taking lithium carbonate and diazepam (Naylor &
McHarg 1977).

Various antiepileptic drugs, including carbamazepine,
phenytoin and barbiturates, are inducers of hepatic

enzymes involved in drug metabolism. Consequentially,
chronic administration of these drugs may increase the
metabolism of benzodiazepines thus possibly reducing
their clinical effects (Lai et al. 1978; Khoo et al. 1980;
Dhillon & Richens 1981; Scott et al. 1983). Conversely,
benzodiazepines may increase phenytoin plasma levels
(Vajda et al. 1971) and cases of phenytoin toxicity
have been imputed to this interaction (Rogers et al.
1977) although other studies have not supported these
findings (Saavedra et al. 1985).

Valproic acid may displace benzodiazepines from
plasma protein binding sites and inhibit their metabol-
ism thus increasing their plasma levels (Dhillon &
Richens 1982; Samara et al. 1997), and adverse events,
such as drowsiness and absence status in epileptic pati-
ents, have been attributed to this combination (Jeavons
et al. 1977; Watson 1979). However, there is a lack 
of evidence concerning this association, despite both
agents being not uncommonly used together in psychi-
atry and in other classes of patients.

There have been cases of cardiorespiratory collapse,
including fatal ones, in patients who received coad-
ministration of benzodiazepines and of the atypical
antipsychotic clozapine (Sassim & Grohmann 1988;
Friedman et al. 1991). Other adverse events reported
in patients taking clozapine and benzodiazepines include
hypersalivation, parotid swelling, sedation, ataxia and
delirium (Cobb et al. 1991; Martin 1993; Jackson 
et al. 1995). Although a specific interaction between
clozapine and benzodiazepines has not yet emerged, 
at the moment very careful monitoring of the patient is
necessary with this combination (American Psychiatric
Association 1997).

The therapeutic actions of levodopa can be antagon-
ized by benzodiazepines in some patients (Brogden 
et al. 1971; Wodak et al. 1972). Although this inter-
action is probably very infrequent, it is advisable to 
monitor the patient in order to detect an eventual
worsening of parkinsonian symptoms.

Several drugs commonly employed in the treat-
ment of gastric and duodenal ulcers (and of related
syndromes) have pharmacokinetic interactions with
benzodiazepines. Antacids delay their rate of absorp-
tion, but the extent is unaffected and this interaction
has probably little or no clinical relevance (Maton 
& Burton 1999). Prokinetic drugs such as metoclo-
pramide or cisapride may occasion a slight increase 
in sedation, probably of little importance, when 
coadministered with benzodiazepines, possibly because
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conjugated drugs) has been shown and this can result
in a reduction of their clinical effects (Borcherding 
et al. 1992).

Although not all studies are in accord, benzodiaze-
pines may reduce digoxin clearance and increase its
plasma concentrations. Especially in the elderly, a few
cases of digoxin toxicity have been described, so
patients receiving this combination should be closely
monitored (Tollefson et al. 1984; Ochs et al. 1985;
Guven et al. 1993). It has also been reported that β-
blockers may reduce the clearance of some oxidatively
metabolized benzodiazepines, but the results are mixed
and directly conjugated benzodiazepines do not seem
to be involved (Klotz & Reimann 1984; Ochs et al.
1987; Sonne et al. 1990; Scott et al. 1991). It has also
been suggested that the association of β-blockers and
benzodiazepines, including directly conjugated ones,
may impair psychomotor performance (Betts et al. 1985;
Sonne et al. 1990). The clinical relevance of these
observations is uncertain; however, clinical monitor-
ing in order to detect incipient signs of this potentially
hazardous side-effect is recommended.

Diltiazem and verapamil can increase the plasma
concentrations and the elimination half-life of benzo-
diazepines, and it has also been suggested that these
associations should be avoided or the dose of the 
benzodiazepines reduced. (Kosuge et al. 1997). A case
of benzodiazepine toxicity in which an interaction
between amiodarone and clonazepam was suspected
has been described (Witt et al. 1993) but there are no
further data concerning this association.

Probenecid has been reported to impair the clear-
ance of benzodiazepines by the kidney and their glu-
curonidation by the liver; the clinical relevance of this
interaction is unknown but monitoring for increased
drowsiness is suggested (Golden et al. 1994). Disul-
firam inhibits the oxidative metabolism of benzodiaze-
pines and the coadministration may result in increased
drowsiness. The metabolism of directly conjugated
benzodiazepines, but also of alprazolam, seems unaf-
fected (Sellers et al. 1980; Diquet et al. 1990), although
there is a case report of temazepam intoxication attri-
buted to concomitant administration of disulfiram
(Hardman et al. 1994). Diflunisal treatment can signi-
ficantly decrease peak plasma concentration of benzo-
diazepines and therefore reduce their clinical action
(van Hecken et al. 1985).

The coadministration of opioids and benzodiaze-
pines is rather common in the treatment of pain and

they promote gastric emptying and thus accelerate their
absorption from the small intestine (Negro 1998). Other
drugs, namely the histamine H2-receptor antagonist
cimetidine and the proton pump inhibitor omeprazole,
impair the clearance of oxidatively metabolized benzo-
diazepines through inhibition of cytochrome P450
enzymes, while the metabolism of directly conjugated
drugs seems unaffected (Negro 1998; Tanaka 1999).
The occurrence and extent of effects on cognitive func-
tion with these combinations are not completely clear,
although it has been reported that the interaction with
omeprazole may involve some risk (Andre et al. 2000).
Nevertheless, use of other H2-receptor antagonists
should be preferred when coadministration is needed.
These include famotidine, nizatidine and ranitidine,
although for the latter there are some contrasting
results, and proton pump inhibitors, such as lansopra-
zole and pantoprazole, seem not to interact with 
benzodiazepines (Negro 1998).

Some drugs employed in the treatment of infective
diseases, such as the macrolide antibiotics erythro-
mycin, triacetyloleandomycin and, to a lesser extent,
roxithromycin (von Rosensteil & Adam 1995; Tanaka
1999) and the antifungals ketoconazole, itraconazole
and fluconazole (Tanaka 1999; Venkatakrishnan et al.
2000), also significantly impair the clearance of oxid-
atively metabolized benzodiazepines. The resulting
increase in duration and extent of effects seems relev-
ant, so coadministration should best be avoided or the
dosage of the benzodiazepines greatly reduced. Again,
directly glucuronidated benzodiazepines seem safe.

A similar pharmacokinetic interaction has been
described for isoniazid, although its clinical significance
is not known (Self et al. 1999), and has been proposed
for ciprofloxacin, but for the latter evidence is mixed
and no significant effect on psychomotor performance
has been demonstrated (Wijnands et al. 1990; Kamali
et al. 1994). Recently, potentially dangerous inter-
actions (again, probably related to inhibition of CYP
enzymes) between the viral protease inhibitors
saquinavir (Palkama et al. 1999), ritonavir (Greenblatt
et al. 2000), and benzodiazepines have been described.
Dosage reduction of benzodiazepines and careful
monitoring are therefore suggested in patients taking
these combinations.

Conversely, rifampicin is a potent inducer of the
hepatic cytochrome P450 enzyme system in humans; 
a noteworthy increase of the clearance of oxidatively
metabolized benzodiazepines (but not of directly 
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drug addiction. Although synergism has not been demon-
strated, additive pharmacodynamic effects leading to
enhanced CNS depression, especially of the respirat-
ory center, are present (Pond et al. 1982; Tverskoy 
et al. 1989) and caution is therefore required. Similarly
alcohol and benzodiazepines have well-established and
dangerous additive CNS depressant actions (Ghodse
1994; Adams 1995). Pharmacokinetic interactions are
also of interest; the acute effect of the ingestion of large
amounts of alcohol is an impairment of the clearance
of oxidatively metabolized benzodiazepines through
competition for CYP enzymes, thus enhancing CNS
toxicity. Conversely, the chronic consumption of large
amounts of alcohol leads to the induction of CYP
enzymes, which contributes to the well-known cross
tolerance between alcohol and the benzodiazepines,
although receptor based changes are probably also
important (Lane et al. 1985; Fraser 1997). Patients
taking benzodiazepines should always be warned against
the potentially hazardous effects of the consumption of
alcohol. While all benzodiazepines probably have sim-
ilar pharmacodynamic interactions with alcohol, the
likelihood of pharmacokinetic interactions is reduced
with directly conjugated compounds, which therefore
should be preferred in patients with alcohol abuse/
dependence if benzodiazepine therapy is decided.

Cigarette smoking may reduce the effects of benzo-
diazepines, probably because of the stimulant actions
of nicotine (Zevin & Benowitz 1999). Grapefruit juice
has been shown to increase the bioavailability and the
plasma conentrations of some benzodiazepines, but
the clinical relevance of this interaction is unknown
(Ameer & Weintraub 1997). Oral contraceptives have
been reported to impair the liver oxidation of benzodi-
azepines and to increase their glucuronidation, although
not all the studies are in agreement (Shenfield & Griffin
1991). The clinical relevance of these interactions is not
clear, but selected patients may need a dosage increase
of directly conjugated benzodiazepines or a reduction
for oxidatively metabolized ones.

Side-effects

The most common side-effect of benzodiazepines is
sedation deriving from their nonspecific depressive
action on the CNS (Shader & Greenblatt 1993; Woods
et al. 1995a). Sedation may be evidenced by a variety
of symptoms including tiredness or drowsiness, light-

headedness, difficulty concentrating, thinking or staying
awake, apathy, confusion, muscle weakness, movement
difficulties such as ataxia, difficulties with balance or
dysarthria, blurring of vision, diplopia, vertigo and
anterograde amnesia. These side-effects are generally
dose-dependent and show significant interindividual
variability. Because of the pharmacokinetic changes
and of the reduction of baseline cognitive and motor
skills that often accompany ageing, they are more 
evident in the elderly, in whom benzodiazepine ther-
apy is a well-known risk factor for delirium (Meagher
2001). However, with doses within the therapeutic
range benzodiazepines are very well tolerated by the
great majority of patients; moreover, tolerance to 
their sedative side-effects (but not to their antianxiety
action) generally develops after about 2 weeks of con-
tinuous use (Shader & Greenblatt 1993).

Nevertheless, even mild sedation may determine a
potentially hazardous impairment of psychomotor per-
formance. Although not all the studies are in agreement
(Pierfitte et al. 2001), the literature mostly suggests
that even at modest doses benzodiazepine therapy is a
risk factor for falls and fractures in the elderly. Early
studies suggested that long-acting benzodiazepines are
more likely to increase the risk of falling, though subse-
quent evidence has been highly discordant (Cumming
1998; Leipzig et al. 1999; Wang et al. 2001). Benzodi-
azepine users also seem to be at increased risk of motor
vehicle accidents (Barbone et al. 1998; Thomas 1998).
On the other hand, it may be speculated that very anxi-
ous drivers may be accident prone because of their
anxiety and the use of small doses of benzodiazepines
could reduce the risk of car accidents.

Paradoxical CNS effects of benzodiazepines, such as
increased feelings of anxiety, anger or hostility and
behavioral disinhibition have been described but seem
very rare (Rothschild et al. 2000).

Other possible side-effects of benzodiazepines (less
common than sedation) include weight gain, skin rash,
nausea, headache, sexual dysfunction and, in women,
menstrual irregularities and anovulation; haemato-
logic and hepatic reactions are rare (Charney et al.
2000). Benzodiazepines can lead to reduction in the
upper airway muscle tone and respiratory depression
through blunting of the arousal response to hypercap-
nia. In healthy adults with therapeutic doses this is 
not clinically relevant, but in patients suffering from
chronic obstructive respiratory disease, or obstructive
sleep apnea, caution is recommended (George 2000).
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experienced by the subject before the start of treatment
but to a higher level of intensity. Although this phe-
nomenon is not limited to benzodiazepine therapy, it
seems particularly frequent when discontinuing these
drugs, possibly involving 15–30% of patients (Schweizer
& Rickels 1998). Rebound anxiety has been observed
after as little as 4 weeks of treatment at therapeutic
doses; it is of mild or moderate severity and has 
generally a short duration but can be followed by
recurrence. Risk factors for rebound anxiety when dis-
continuing benzodiazepine therapy include utilization
of higher doses and of short-acting drugs and abrupt
taper (Schweizer & Rickels 1998).

The benzodiazepine withdrawal syndrome generally
includes, besides increased anxiety or irritability and
insomnia, several other symptoms, largely autonomic
in nature. Sweating, tachycardia, mild systolic hyper-
tension, tremoulosness, dizziness, tinnitus, excessive
sensitivity to light, sound or touch, altered taste, nau-
sea, abdominal discomfort, depressed or dysphoric
mood, fatigue, restlessness, agitation and, rarely, con-
fusion, psychotic symptoms, and seizures may all be 
a part of the clinical picture. The syndrome generally
appears in subjects treated for 6 months or longer,
although it can be observed much earlier; it is generally
of mild severity and rarely requires hospitalization. 
It tends to resolve in 3–6 weeks but again it can be 
followed by the recurrence of the original disorder
(Shader & Greenblatt 1993; Schweizer & Rickels
1998). The existence of a persistent benzodiazepine
discontinuation syndrome has been proposed (Ashton
1991), but there is little evidence to support this claim
(Shader & Greenblatt 1993).

Utilization of higher doses and of short-acting 
benzodiazepines, longer duration of treatment, abrupt
taper, female sex, higher levels of anxiety and depres-
sion before tapering, dysfunctional personality traits,
previous or current alcohol or substance use disorders
and a diagnosis of panic disorders may all increase 
the likelihood and the severity of the withdrawal syn-
drome (Schweizer & Rickels 1998).

In sum, although the issue of benzodiazepine depend-
ence has been probably overemphasized, it must be
acknowledged that a significant minority of patients,
almost certainly larger than with other antianxiety
therapies, will meet some difficulties in discontinuing
these drugs.

Several strategies have been proposed for the dis-
continuation of chronic benzodiazepine use. Gradual

Dependence and withdrawal

The liability of benzodiazepines for abuse and depend-
ence has been a matter of widespread concern and
debate (Williams & McBride 1998; Lader 1999). In
nonsubstance abusing populations benzodiazepine
abuse is quite rare and the great majority of patients
does not take higher doses than prescribed (Woods &
Winger 1995b; Posternak & Mueller 2001). Benzodi-
azepine abuse mostly occurs in subjects with a history
of previous or concurrent abuse of other drugs; in
these patients consequentially benzodiazepine treat-
ment should be avoided (Task Force Report of the
American Psychiatric Association 1990).

The issue of benzodiazepine dependence is particu-
larly controversial. It has been clearly demonstrated
that chronic use at therapeutic dose can result in physi-
ological dependence (Woods et al. 1995a). However,
the majority of patients employ benzodiazepines for
relatively short periods (Mellinger et al. 1984; Mant 
et al. 1988; Fiorio et al. 1990), thus suggesting that
most subjects do not have particular difficulties in dis-
continuing these drugs. If strict criteria are employed, 
benzodiazepine dependence seems quite uncommon in
psychiatric patients, possibly involving no more than
1% of them (Fleischhacker et al. 1986; Rifkin et al.
1989). However, in alcohol- or substance-abusing popu-
lations the prevalence is much higher (Ross 1993).

It must be remembered that experiencing some dis-
comfort in discontinuing a medication does not neces-
sarily imply dependence. In fact, the occurrence of
clinical changes associated with the discontinuation of
benzodiazepine therapy can reflect at least three differ-
ent discontinuation syndromes, namely recurrence,
rebound and withdrawal (Shader & Greenblatt 1993;
Schweizer & Rickels 1998). These syndromes may 
frequently overlap and the distinction is often difficult 
in clinical practice; nevertheless, they have different
theoretical implications, since only withdrawal clearly
indicates the presence of physical dependence. Recur-
rence refers to the reappearance of essentially the same
symptoms for which the drug was originally prescribed;
it represents a manifestation of the persistence of the
original disorder. Although recurrence can take place
upon discontinuation of any antianxiety treatment, 
it is probably more common with benzodiazepines
(Ballenger 2001).

Rebound is characterized by the return of anxi-
ety symptoms which are similar or identical to those 
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tapering reduce the risk of discontinuation syndromes;
reduction by 25% per week is a common regimen, 
but several clinicians tend to prefer slower tapering
(Shader & Greenblatt 1993), especially in panic dis-
order where reduction by no more than 10% per week
has been suggested (American Psychiatric Association
1998). Close monitoring of the patient’s conditions, 
a high degree of flexibility and providing encourage-
ment and emotional support are always advisable.
Switching from short-acting to equivalent doses of
longer acting benzodiazepines before starting taper also
seems useful (Zitman & Couvee 2001). Besides these
general measures various pharmacological approaches
for benzodiazepine withdrawal have been suggested.
Carbamazepine (Schweizer et al. 1991), valproate, tra-
zodone (Rickels et al. 1999) and imipramine (Rickels
et al. 2000b) seem effective in increasing taper success
rates, although with little or no effect on withdrawal
severity. The benefits of other drug therapies such 
as propranolol (Cantopher et al. 1990), clonidine
(Goodman et al. 1986), alpidem (Lader et al. 1993),
progesterone (Schweizer et al. 1995), dothiepin (Tyrer
et al. 1996) and SSRIs (Zitman & Couvee 2001) seem
limited or controversial. Cognitive-behavioral therapy
also seems effective in facilitating benzodiazepine dis-
continuation (Spiegel 1999).

Effects on the fetus and baby

Although the literature is rather controversial, benzo-
diazepines do not seem to be major human teratogens
but an increased risk for malformations, especially
oral clefts, after first trimester exposition cannot be
ruled out (Dolovich et al. 1998). In advanced preg-
nancy, benzodiazepine exposure can determine respir-
atory depression, lower Apgar scores, hypothermia,
muscular hypotonicity, failure to feed and withdrawal
symptoms in the newborn (Cohen & Rosenbaum 1998;
American Academy of Pediatrics 2000). Utilization of
benzodiazepines during the first trimester should be
avoided; in later pregnancy, short-term administration
of low doses is probably safe.

There are limited data regarding the safety of benzo-
diazepines in breast-feeding. However, CNS depression,
weight loss and episodes of apnea have been described
in the infant (Llewellyn & Stowe 1998); consequenti-
ally, the chronic use of benzodiazepines in breast-feeding
women should be avoided (Mortola 1989). Utilization
of small doses and for short courses, especially with

short-acting drugs, is probably of low risk (Chisholm
& Kuller 1997), but the infant should always be closely
monitored for signs of sedation.

Overdose

Benzodiazepines are remarkably safe in overdose,
except when combined with other CNS depressants,
and pure benzodiazepine poisonings generally only
induce a mild to moderate CNS depression (Gaudreault
et al. 1991). However, fatal poisonings due to benzo-
diazepines taken alone or with alcohol only, although
infrequent, do occur (Serfaty & Masterton 1993),
mostly due to respiratory depression with aspiration
of gastric contents (Hojer et al. 1989) and consequen-
tially these drugs should not be assumed to be com-
pletely safe in patients at risk of suicide. Oxazepam has
been suggested to be safer in overdose than other ben-
zodiazepines, while flurazepam and temazepam seem
to involve a higher risk of coma and fatal outcome
(Serfaty & Masterton 1993; Buckley et al. 1995).

Clinical uses

A judgement on the efficacy of benzodiazepines in clin-
ical practice depends on the choice of the therapeutic
goals.

If the outcome is evaluated in terms of symptom
reduction, as it is generally the case in clinical trials,
then the efficacy of benzodiazepines in most anxiety
disorders seems quite good and roughly comparable 
to that of other pharmacotherapies such as antide-
pressants. On the other hand, if the improvement 
of positive indicators of well being such as social or 
occupational functioning is taken into account, the
impression on the efficacy of benzodiazepines is, in 
the opinion of many clinicians, less favorable.

Consequentially, some caution is required in the
interpretation of the results of clinical trials, since the
simple quantification of the reduction of anxiety symp-
toms may fail to capture some elements that are relev-
ant for the patient’s quality of life. For instance, it is a
frequent observation that patients treated with SSRIs
report much more often than those treated with benzo-
diazepines a reduction of their sensitivity to environ-
mental stressors.

Moreover, while it is well known that comorbidity
is a fundamental feature of anxiety disorders, in clinical
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azepine treatment (Lecrubier 1998). However, as con-
sistently shown in meta-analyses, benzodiazepines are
less effective than antidepressants in reducing depres-
sive symptoms in PD patients (Cox et al. 1992; Clum 
et al. 1993; van Balkom et al. 1997).

It is now acknowledged that PD is a chronic condi-
tion and that long-term treatment is often necessary
and offers significant benefits (Davidson 1998). The
efficacy of benzodiazepines is maintained during long-
term administration (Curtis et al. 1993; Schweizer et
al. 1993); however, withdrawal symptoms are more
likely to occur the longer a benzodiazepine is taken,
especially at the high doses required for the treatment
of PD. Moreover, there is evidence suggesting that
benzodiazepine discontinuation may be especially
difficult in PD when compared to other anxiety disor-
ders (Schweizer & Rickels 1998).

The potential difficulties with withdrawal symp-
toms associated with the likelihood of abuse in sub-
jects with drug or alcohol use disorders, the low
efficacy on depressive symptoms and the potential for
psychomotor impairment (a particular concern in PD
patients given the relatively high doses of benzodi-
azepines required) are the main drawbacks of benzodi-
azepine treatment. For these reasons benzodiazepine
monotherapy is not currently considered as a first-
choice treatment for PD by the majority of experts
(American Psychiatric Association 1998; Ballenger et
al. 1998a).

The onset of therapeutic action of benzodiazepines
is more rapid when compared to antidepressants
(American Psychiatric Association 1998) and their
short-term coadministration in the acute treatment of
PD is a very common clinical practice. In fact, it has
been shown (Woods et al. 1992; Goddard et al. 2001)
that this combination facilitates a rapid clinical stab-
ilization of panic symptoms, but findings on the main-
tenance of treatment gains and the occurrence of 
withdrawal symptoms when discontinuing benzodi-
azepines were contrasting, thus suggesting the need for
further research.

Concurrent use of benzodiazepines and cognitive-
behavioral therapy for PD is a highly controversial
issue. Several cognitive-behavioral theorists have sug-
gested that benzodiazepines may negatively interfere
with psychological treatments (Jensen & Poulsen
1982; Sartory 1983; Gray et al. 1987), while other
authors have proposed additive benefits (Lader &
Mathews 1968; Wardle 1990) but evidence does 

trials patients suffering from comorbid conditions
other than the disorder being investigated are generally
excluded, thus making difficult to extend the findings
to everyday clinical practice.

There is currently a growing consensus on the chronic
nature of anxiety disorders and on the consequent
need for long-term treatment in a substantial number
of patients. The efficacy of benzodiazepine therapy is
mantained during chronic administration. However, it
must be remembered that the long-term use of a class
of drugs that can potentially impair cognitive and psy-
chomotor performance is less acceptable when there
are alternative medications. This is true even if their
overall tolerability may be not superior to that of the
benzodiazepines but they have a lower impact on the
patient’s functioning.

On the other hand, it must be acknowledged that the
careful use of benzodiazepines remains valuable in the
clinical management of anxiety patients, for instance
as a tool to increase compliance to the treatment with
other drugs presenting a long latency of therapeutic
action.

Panic disorder

Benzodiazepines are generally described as an effective
and generally well-tolerated treatment option for panic
disorder (PD: Kasper & Resinger 2001). Alprazolam
(Ballenger et al. 1988; Cross-National Collaborative
Panic Study et al. 1992; Noyes et al. 1996) and clon-
azepam (Tesar et al. 1991; Rosenbaum et al. 1997)
have been studied most extensively. The efficacy of
several other benzodiazepines, including adinazolam
(Davidson et al. 1994), diazepam (Noyes et al. 1996),
etizolam (Savoldi et al. 1990) and lorazepam (Schweizer
et al. 1990) has also been demonstrated. Benzodiaze-
pines are effective on several endpoint measures,
including panic frequency, global anxiety and agora-
phobic avoidance (den Boer 1998).

Regarding these symptom areas, meta-analyses com-
paring benzodiazepines with imipramine (Cox et al.
1992) or antidepressants in general (Clum et al. 1993;
Gould et al. 1995; van Balkom et al. 1997) have sug-
gested no significant difference in short-term efficacy.
However, in a meta-analysis comparing SSRIs and
benzodiazepines the former were found to be superior
in alleviating panic attacks (Boyer 1995).

It is unclear whether the presence of comorbid
depression affects negatively the response to benzodi-
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not decisively support either claim (Spiegel & Bruce
1997).

Generalized anxiety disorder

The efficacy of benzodiazepines in the treatment of
generalized anxiety disorder (GAD) is well established
(Davidson 2001). There seems to be little difference
between various benzodiazepines (Shader & Greenblatt
1993; Ballenger 1999). Diazepam (Rickels et al. 1993;
Rickels et al. 2000a), alprazolam (Lydiard et al. 1997;
Moller et al. 2001) and lorazepam (Cutler et al. 
1993; Laakman et al. 1998) have been more extens-
ively studied, but several other compounds, including
adinazolam (Wilcox et al. 1994), bromazepam (Kragh-
Sorensen et al. 1990), etizolam (Casacchia et al. 1990)
and ketazolam (Bresolin et al. 1988), have been found
to be superior to placebo. The efficacy of benzodi-
azepines seems to be maintained during long-term
treatment (Shader & Greenblatt 1993).

Most studies agree that buspirone is as effective as
benzodiazepines in reducing GAD symptoms; however,
in a few investigations benzodiazepines were found to
be superior (Laakman et al. 1998).

On the other hand, antidepressants have been 
consistently found to be equal or even superior in effi-
cacy to benzodiazepines (Davidson 2001). Concerning
specific symptom areas, studies are concordant in 
indicating that benzodiazepines are less effective than
antidepressants or buspirone in reducing psychic
symptoms of GAD. They may be more effective than
these drugs in treating somatic symptoms, but not all
this literature is in agreement (Rickels et al. 1982,
1993; Hohen-Saric et al. 1988; Rocca et al. 1997).

It has been shown that even in patients without
comorbid major depression the presence of mild, sub-
threshold depressive symptoms may negatively affect
the response of anxiety symptoms to benzodiazepines
but not to antidepressants (Rickels et al. 1993). For this
reason antidepressants should be favored over benzo-
diazepines as a first-line treatment for GAD (Ballenger
et al. 2001) because of their efficacy against comorbid
psychiatric disorders, such as depression, and of their
safety in alcohol and substance abusers. Moreover,
following discontinuation of pharmacotherapy the
recurrence of anxiety symptoms in GAD patients occurs
significantly more often with benzodiazepines in com-
parison to nonbenzodiazepine anxiolytics (Ballenger
2001). However, benzodiazepines are still a useful

treatment option in patients who do not tolerate or fail
to respond to antidepressants and as an adjunctive
treatment for acute exacerbations of anxiety.

If benzodiazepine therapy is chosen, intermittent
rather than continuous treatment should be consid-
ered. It has been shown (Rickels & Schweizer 1997)
that even after a 4- to 6-week treatment period at least
50% of patients will remain symptom free for weeks
or months, and about one-third will not experience 
the recurrence of anxiety after a 1-year follow-up.
Consequentially, drug tapering and discontinuation
after about 6 weeks of benzodiazepine treatment has
been proposed as a useful strategy in order to distin-
guish patients who can receive intermittent therapy
from those who will require chronic treatment (Ballenger
1999).

Social phobia

Clonazepam has been found to be an effective and 
generally well-tolerated treatment for social phobia
(SP) both in open studies (Jefferson 2001) and in a
double-blind, placebo-controlled study (Davidson 
et al. 1993). Open studies also suggest the efficacy of
alprazolam (Jefferson 2001). In a controlled trial
(Gelernter et al. 1991) that compared cognitive-
behavioral therapy, alprazolam plus self-exposure,
phenelzine plus self-exposure, and placebo plus 
self-exposure, all the four treatment conditions were
associated with substantial improvements in severe
and chronic social phobia with no treatment showing
a clear superiority over the others, although a trend
towards greater efficacy for phenelzine was suggested
and the alprazolam-treated group showed a higher
relapse rate on treatment discontinuation. Finally,
bromazepam has been found to be superior to placebo
in a double-blind study (Versiani et al. 1997).

In a recent meta-analysis, benzodiazepines resulted
more effective than control conditions or psycholo-
gical therapies, and as effective and tolerable as SSRIs
(Fedoroff & Taylor 2001).

Duration of benzodiazepine treatment for SP is not
well established. A 2-year follow-up study suggested
that the gains acquired during a brief (10-week) treat-
ment with clonazepam are substantially maintained
(Sutherland et al. 1996); however, treatments received
in the follow-up period might have accounted for that
result and the persistence of social phobia symptoms
despite the overall improvement suggested the need for
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anxiety symptoms, while symptoms specific to PTSD
were unimproved (Braun et al. 1990). Moreover, PTSD
patients receiving long-term benzodiazepine therapy
may have a very high potential for severe withdrawal
reactions, even with gradual tapering (Risse et al. 1990).
It must also be considered that PTSD has particularly
high comorbidity rates with alcohol/substance use 
disorders (Jacobsen et al. 2001) and therefore PTSD
patients could be at high risk for benzodiazepine abuse
and dependence. Early benzodiazepine treatment has
been evaluated in a controlled study as a preventive
strategy in order to improve the psychiatric outcome in
recent trauma survivors, but the results have been
rather disappointing (Gelpin et al. 1996).

Obsessive-compulsive disorder

Some case reports and case series (Hewlett 1993) 
suggested that benzodiazepines may be of some utility
in the treatment of obsessive-compulsive disorder
(OCD), especially clonazepam, a benzodiazepine for
which an action on serotoninergic neurotransmission
has been proposed (Pranzatelli 1989). Clonazepam
has been evaluated in a double-blind crossover study
(Hewlett et al. 1992) in which over a 6-week period 
an efficacy comparable to that of clomipramine was
found. Clonazepam improvement was unrelated to
changes in anxiety and occurred early in treatment; 
a clinically significant response occurred in 40% of
subjects failing clomipramine trials. Clonazepam aug-
mentation to antidepressant therapy has also been
reported to determine significant benefits (Leonard
1997). More research is needed; currently, given the
scarcity of evidence, benzodiazepines should not be
considered as a first-line treatment for OCD.
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Selective Serotonin Reuptake
Inhibitors in the Treatment of 
the Anxiety Disorders
J.C. Ballenger

Obsessive-compulsive disorder

The use of the SSRIs in obsessive-compulsive disorder
(OCD) may be unique because it appears that only
drugs which have potent serotonin-enhancing effects
are effective in OCD. Although the tricyclic anti-
depressants (TCAs) and other nonspecific antide-
pressants are effective in depression and other anxiety
syndromes, they are not effective in the treatment of
OCD. This has included imipramine and nortriptyline
(Volavka et al. 1985), and desipramine.

The first agent shown to be effective in OCD was
clomipramine, which was observed in the 1960s
(Fernandex & Lopez-Ibor 1967) and in large, well-
controlled, placebo trials in the 1980s. Although tech-
nically a TCA, clomipramine’s effects are primarily on
serotonin with lesser effects on norepinephrine (nor-
adrenaline), dopamine, acetylcholine (Hall & Ogren
1984). The earliest studies of clomipramine were small
but consistently demonstrated efficacy which was later
confirmed in larger trials (Thoren et al. 1980; Ananth
et al. 1981; Insel et al. 1983).

In many ways, the large database with clomipramine
sets the standard for a pharmacological treatment of
OCD. In the large initial multicenter flexible-dose trials
(Deveaugh-Geiss et al. 1989), the average dose was
249 mg/day, and most patients are treated within the
range of 150–250 mg/day (Pigott et al. 1990). There
were only 10–15% of patients who responded to place-
bo, with ~70% of clomipramine patients attaining at
least some clinically significant improvement. However,
most responders experienced a reduction in symptoms
of only ~40% and complete resolution was rare (~10%)
(Clomipramine Collaborative Study 1991).

339

Introduction

A review of the selective serotonin reuptake inhibitors
(SSRIs) in the treatment of the anxiety disorders (ADs) is
particularly appropriate at this point in time. Over the
last several years the SSRIs have become the treatment of
choice in each of the ADs, in the opinion of many experts
(Ballenger et al. 1998a–c, 1999b, 2000, 2001). That one
class of agents would become the preferred treatment
across all five ADs is surprising, but it is a conclusion
now supported by numerous rigorously designed and
conducted double-blind trials of the SSRIs in all of these
disorders. The evidence supportive of this conclusion
will be reviewed in this chapter for each of the five ADs
aobsessive-compulsive disorder, panic disorder, social
anxiety disorder, generalized anxiety disorder, and post-
traumatic stress disorder. The clear efficacy demon-
strated for one or more of the SSRIs in all five ADs, and
the increased tolerability of the SSRIs over previous
treatments has led to the widespread conclusion of
their being the first-line choice in all these disorders.

This chapter will review these studies, beginning with
the historically first area of investigationaobsessive-
compulsive disorderaand then panic disorder, social
anxiety disorder, generalized anxiety disorder, and post-
traumatic stress disorder. Attempts will be made to
present most, if not all, of the trials of all five of the
SSRIs (fluoxetine, paroxetine, sertraline, fluvoxamine,
and citalopram) when data are available. Although this
review will mostly be concerned with studies of efficacy,
issues of dose, side-effects, clinical use, relapse, and length
of treatment, comparisons between the SSRIs and pre-
vious medications, etc., will be included when there are
empirically derived data leading to clinical suggestions.
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8 weeks versus 13 weeks in the two American trials
(Montgomery et al. 1993).

Paroxetine

The first results from paroxetine were from a fixed-dose
study of 348 patients in a 12-week trial comparing place-
bo to 20, 40, or 60 mg/day of paroxetine (Wheadon et al.
1993). On the Yale–Brown Obsessive Compulsive Scale
(Y-BOCS) and the National Institutes of Mental Health-
Obsessive Compulsive (NIMH-OC) Scale a significant
difference was observed between placebo, 20, 40 and
60 mg/day. Interestingly, more severely ill patients (Y-
BOCS > 26) demonstrated greater response to 60 mg/day
than 40 mg. This study would suggest that the target dose
in OCD with paroxetine is 40 mg/day, although 60 mg/
day may be necessary in the more severely ill patients.

In a second large study, paroxetine in flexible doses
(10–60 mg/day) was compared to clomipramine (25–
250 mg/day) and placebo. The mean dose for paroxe-
tine in this trial was 37.5 mg/day and clomipramine
113.1 mg/day (Zohar & Judge 1996). This was a 
12-week trial and involved 406 subjects, again using
the Y-BOCS and NIMH-OC as primary outcome 
measures. Significant differences from placebo were
observed at week 6, and paroxetine and clomipramine
were both significantly better than placebo by week 12
on both the obsession and compulsion subscales of the
Y-BOCS. Baseline scores on the Y-BOCS were in the
moderate to severe range (25–27). A reduction of at
least 25% in the Y-BOCS was observed in 55% in both
the paroxetine and clomipramine groups. Not, sur-
prisingly, paroxetine was significantly better tolerated
than clomipramine with adverse effects in 16% of the
paroxetine group and 28% of the clomipramine and
leading to withdrawal in 9% of the paroxetine group
and 17% with clomipramine.

The findings of Rosenberg et al. (1999) of an open-
label study treatment of OCD in children is important
because of the early onset of this disorder in many
patients. They treated 20 patients, ages 8–17. Doses
ranged from 10 to 60 mg/day with outcome as measured
by the Children’s Yale–Brown Obsessive Compulsive
Scale (CY-BOCS), which decreased significantly from
30.6 ± 3.5 to 21.6 ± 3.8 (P = 0.00005). Side-effects
included hyperactivity in three younger patients, which
required dosage reduction, as well as insomnia, anxi-
ety, and headache, but no patients were discontinued
because of side-effects.

Despite its efficacy, the principal issue with the 
use of clomipramine is its significant side-effects. The
principal side-effects are of an anticholinergic nature
and typically include dry mouth, blurred vision, but
also sexual difficulties and seizures at higher doses
(Deveaugh-Geiss et al. 1989).

Because clomipramine was the treatment of choice
before the advent of the SSRIs, comparisons be-
tween the two will be made where available. In 
general, clomipramine and the SSRIs have compar-
able efficacy in most trials in the modern era, but it 
is the increased side-effects with clomipramine that
significantly differentiate clomipramine from the
SSRIs.

Fluoxetine

Fluoxetine was the first SSRI suggested to be effective
in OCD in a number of open trials. In perhaps the first
trial, Turner treated 10 OCD patients and reported
that it was effective (Turner et al. 1985). This was fol-
lowed by a trial in 1986 by Fontaine and colleagues in
nine OCD patients. In a subsequent larger trial with 50
patients, fully 86% of these responded to fluoxetine,
often at high doses (as high as 100 mg/day). Jenike
reported a similar experience with over 250 patients
treated with a mean dose of 75.1 ± 11.3 mg/day in an
open trial (Jenike 1990). They were among the first to
suggest that high doses would be necessary.

In the first long-term fluoxetine treatment of OCD,
Levine et al. (1988) treated 75 OCD patients in an open
setting over a 5-month period. At the end of the trial,
all but two were receiving 80 mg/day. They observed
significant reduction in OCD symptomatology after
the first few weeks, and these substantial improvements
continued over several months.

The first placebo controlled multicenter trial
(Tollefson et al. 1994b) was a 13-week, fixed-dose (20,
40, or 60 mg/day) trial demonstrating that all three
doses were significantly more effective than placebo.
There was a trend suggesting greater efficacy at the
highest dose (60 mg). The two American trials (Tollefson
et al. 1994a) had a sample size of 355 and observed
significant differences between fluoxetine and placebo
from week 5 on. The European trial involved 217 patients
and again compared 20, 40, and 60 mg to placebo
(Montgomery et al. 1993). There were similar findings
but less statistical significance, probably because of the
smaller sample size and because the European trial was
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There are almost no reports of long-term treatment of
OCD with SSRIs. However, there was an extension trial
following one of the paroxetine studies providing some
long-term safety, tolerability, and efficacy data (Dunbar
et al. 1995). A total of 263 patients were treated with
paroxetine (20–60 mg/day) in a 12-week open-label
trial. Those who responded in the first phase were re-
randomized in a double-blind fashion to either parox-
etine or placebo to assess the prevention of relapse. This
multicenter, 12-month extension study was divided into
two 6-month phases. In the first 12 weeks, patients
improved an average of 5.70 points from a mean base-
line of 25.45 points on the Y-BOCS. In the remainder
of the first 6 months, they improved an additional 5.11
points. After re-randomization, fewer patients in the
paroxetine cell relapsed (59% vs. 38%) when compared
to placebo (P = 0.05), reaching significance 2 weeks
after randomization. There was a 2.7 times greater
chance of relapse on placebo versus paroxetine. Also
pertinent to note is that in this second 6 months, pati-
ents continued to improve on paroxetine. Paroxetine
was well-tolerated even to 60 mg/day over the 1-year
trial. Most common side-effects in the first 6 months
were abnormal ejaculation (22.6%), somnolence
(22.4%), and headache (19.8%). In the second 6
months in those patients continued on paroxetine, 9.7%
had abnormal dreams and 6.7% increased appetite.

Fluvoxamine

Fluvoxamine was actually the earliest SSRI to be stud-
ied in OCD in the 1980s in small studies (Price et al.
1987; Goodman et al. 1989b). In these early trials,
responses were seen in the first couple of weeks, but
they became significant after 6–8 weeks (Price et al.
1987; Goodman et al. 1989b). In the Goodman trial,
nine of 21 were rated as responders compared to no
responders on placebo. Jenike and colleagues reported
a 10-week trial with the maximum dose of 294 mg/
day. Side-effects were generally mild and of the SSRI
class (fatigue, insomnia, headache). Fluvoxamine was
an effective treatment of OCD compared to placebo in
this trial (Greist et al. 1995d; Goodman et al. 1996).

Recent multicenter, placebo-controlled trials of
fluvoxamine have been completed. Two trials each in-
cluding 160 patients studied fluvoxamine for 10 weeks,
finding significant advantages over placebo from 6 weeks
through the remainder of the trial. On the NIMH-OC
Scale in one study and the Clinical Global Improvement

(CGI) Scale on the other, significant advantage over
placebo was observed as early as 4 weeks at ~250 mg/
day. Mean reductions in Y-BOCS were ~20% with 5%
reductions in the placebo group. Most common side-
effects were again the typical SSRI side-effects of nausea,
asthenia, somnolence, insomnia, and sexual side-effects.

In a smaller trial comparing fluvoxamine to
clomipramine in a double-blind, 10-week comparison,
there was no significant difference in average reduction
on the Y-BOCS. Reductions of 33% were seen in
fluvoxamine and 31% in the clomipramine group,
although some measures actually favored fluvoxamine
(e.g. obsessive-free interval: Freeman et al. 1994).

Sertraline

In a small (N = 87) flexible-dose, 8-week trial, sertra-
line was studied in doses ranging 50–200 mg/day and
a significant effect when compared to placebo was
observed (P < 0.05: Chouinard et al. 1990). A larger
flexible-dose trial (N = 167) of 12-week duration found
similar efficacy (P < 0.05: Kronig et al. 1999). In a 12-
week fixed-dose trial, approximately 80 patients each
were compared on 50, 100, and 200 mg/day to placebo
(Greist et al. 1995c). Efficacy was significantly greater
in the 50 and 200 mg/day dose groups; however, this
was marginal in the 100 mg/day group, where statist-
ical significance was reached only on the NIMH-OC
Scale. It is unclear whether the small but nonsignificant
differences in 100 mg cell would have been positive had
the study been larger. Side-effects were the expected
diarrhea, insomnia, nausea, anorexia, sexual side-effects,
tremor, and weight gain.

Citalopram

A 24-week open trial suggested that 20–60 mg/day of
citalopram was effective in treating OCD with a 50%
Y-BOCS reduction in 20 of 29 patients (Koponen 1997)
and a recent double-blind, placebo-controlled trial has
demonstrated its effectiveness in a controlled fashion.
In a 12-week, fixed-dose study comparing 20, 40, and
60 mg/day, all three doses were found to be effective
and equally tolerable (Montgomery 2000). There was
a suggestion that the highest dose was associated 
with the earliest and most significant response. Mundo 
et al. (1997) have recently completed a small 10-week
trial (N = 30) comparing citalopram to fluvoxamine
and paroxetine in a single-blind trial. Doses were of
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a patient failed to respond to clomipramine, only 20%
ultimately responded to fluoxetine.

Predictors of response

Other research suggests that patients with schizotypal
personalities respond less well to pharmacotherapy
(Baer & Jenike 1992), and subsequent studies find
essentially the same thing with comorbid social anxi-
ety disorder (Carrasco et al. 1992). Probably the most
well-documented and accepted predictor is the negat-
ive predictor of a concomitant tic disorder (Baer 
1994; McDougle et al. 1994). The presence of a tic 
also predicts a better response to SSRIs combined with 
neuroleptics (McDougle 1994).

However, there appears to be no relationship between
OCD symptoms or symptom types and response to
treatment (Baer 1994).

Dose of SSRI

For some time the clinical opinion has been that higher
doses of SSRIs are needed to treat OCD than to treat
depression or the other ADs. These clinical opinions
have found empirical support in recent large fixed-dose
studies. This was clear in the large fluoxetine trials in
which 40 and 60 mg were effective, whereas 20 mg failed
to be more effective than placebo (Montgomery et al.
1993). This was again seen in the paroxetine trials
(Wheadon et al. 1993) in that 40 and 60 mg were effect-
ive, whereas 20 mg was not. As mentioned, the higher
doses were also more efficacious in the more severely ill.

Augmentation strategies

A series of medications have been suggested and 
studied, primarily in open trials, to try to augment the
frequently limited clinical response to antidepressants.
These have included lithium, clonazepam, buspirone,
haloperidol, trazodone, methylphenidate, and others
(Jenike 1988, 1990a). Most have been disappointing,
with some suggestion that clonazepam (Jenike 1998)
might be effective, and also pimozide (Goodman et al.
1989a) in patients with a concomitant tic disorder.

Side-effects

The principal advantage of the SSRIs in the treatment
of OCD has been the increased tolerability because of

fluvoxamine 290 ± 31 mg, paroxetine 53.3 ± 10 mg,
and citalopram 50.9 ± 10.4 mg. All three drugs were
effective with no discernable difference in this small
trial with 40% of citalopram patients having a 35% 
Y-BOCS reduction.

In a small open trial in children and adolescents, 
18 of 23 experienced a moderate or marked response,
usually at 50 mg/day (Thomsen 1997).

SSRIs compared to clomipramine

The question of whether SSRIs are comparable in terms
of efficacy with the well-established clomipramine is a
critical question given their increased tolerability and
clear efficacy. The issue of the relative efficacy between
the two has been the object of considerable research
and analysis. Two of the meta-analyses (Greist et al.
1995b; Stein et al. 1995) suggest that there were
greater effects seen with clomipramine than with 
the SSRIs. However, subsequent analyses (Cox &
Swinson 1993; Piccanelli et al. 1995) fail to find such 
a difference. Also, there are considerable methodo-
logical problems with relying on these studies which
span a large number of studies that were different in
design and quality and, in particular, which stretch
over an extended period of time. The early trials of
clomipramine had low placebo responses rates and
seem to be treating a different patient population than
current trials, which appear to involve patients with 
a more intermittent and perhaps milder disorder.
Certainly a more reliable method is a direct head-
to-head comparison between clomipramine and the
SSRIs, and there are several recent ones. There have
now been comparison studies with fluoxetine (two),
fluvoxamine (five), paroxetine (one), sertraline (one),
and citalopram (one). There were almost no differences
comparing these SSRIs to clomipramine, although in
the sertraline trial (Biserbe et al. 1997) sertraline was
observed to be better than clomipramine. In the parox-
etine trial, paroxetine was significantly better than
clomipramine in treating comorbid depression (Zohar
& Judge 1996).

Another measure of comparability is the “cross-over
response.” Piggott et al. (1990) utilized a sequential
treatment design and found that 65% of patients who
had responded to clomipramine, subsequently also
responded to fluoxetine. Conversely, if a patient had
responded to fluoxetine, 80% of these patients also
subsequently responded to clomipramine; however, if
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fewer side-effects than with clomipramine. Since most
patients need to be treated for longer periods of time,
tolerability can be a major issue. For instance, in a com-
parison trial of clomipramine versus sertraline (Biserbe
et al. 1997) there was significantly more withdrawal
from clomipramine (26%) than sertraline (11%).

This is certainly also true in terms of more serious
side-effects. Overdose from SSRIs have generally been
benign, but “5-days” dosage of clomipramine is potenti-
ally fatal, frequently from cardiotoxicity. Although rare,
convulsions are significantly higher with clomipramine
(1.5–2.0%) compared to SSRIs (0.1–0.5%).

Length of treatment

Clinical experience in open trials suggests that pati-
ents with OCD continue to improve for quite some
time, certainly the first several months. As previously
mentioned, Zohar and Judge (1996) reported that
patients continued to improve for the first 6 months of
treatment and further still in the second 6 months of
treatment, providing the best evidence of a long-term
response. It was also observed in 118 patients treated
with sertraline (Greist et al. 1995a) that not only was
the initial 12-week response maintained, further small
gains occurred over the follow-up period. In one smaller
study, patients continued to respond and improve on
sertraline for a 2nd year as well (Rasmussen et al.
1997).

Relapse

It appears clear that most OCD patients will maintain
their improvement and perhaps improve as long as
they continue SSRI treatment. However, there are two
placebo-controlled trials that document a high relapse
rate if clomipramine is discontinued (Pato et al. 1988;
Leonard et al. 1991). Most patients relapsed within
the first 2 months (Steiner et al. 1995).

Therefore, it seems clear that most patients who
maintain their SSRI treatment of OCD will maintain
their clinical response and most will lose that response
if medication is discontinued. However, most patients
do subsequently regain their clinical response if restarted
on medication.

It is of interest that contrary to the treatment of
depression, doses needed for improvement may be
safely reduced during the maintenance phase (Pato 
et al. 1990).

Panic disorder

Like OCD, the treatment of panic disorder (PD) with
antidepressants began in the 1960s with the TCA imi-
pramine and monoamine oxidase inhibitor (MAOI)
phenelzine. Both were demonstrated to be effective
treatments (Sheehan et al. 1980). In the late 1980s 
the high-potency benzodiazepines (BZs), particularly
alprazolam and clonazepam, were shown to be also
effective (Ballenger et al. 1988), although their beneficial
effects were much more rapid, occurring in the 1st
week or two.

However, the use of clomipramine and fluvoxamine
in Europe, and then paroxetine and fluoxetine in the
US, documented that the SSRIs were equally effec-
tive and better tolerated than available TCAs or BZs
(Boyer 1995). In fact, in 1995 the NIMH in the US
convened an expert panel that concluded that SSRIs
should be the treatment of first choice in the phar-
macological treatment of PD (Jobson & Potter 1995).
This was at a time when there were, in fact, few 
trials published with SSRIs; however, since that 
time, multiple trials have been published which will 
be outlined below. Subsequent expert panels convened
by the American Psychiatric Association (APA) and
the International Consensus Group for Anxiety and
Depression (Ballenger et al. 1998b) have reached the
same conclusion.

Although the study of PD has focused on the allevia-
tion of the prominent panic attacks, the studies reviewed
below will refer to efficacy of SSRIs and their ability to
treat the entire PD syndrome. This includes reducing
panic attacks but also anticipatory anxiety, avoidance
behavior, depression, and improving function. Although
the reduction in panic attacks and the percentage of
patients free of panic attacks will be reported, the bet-
ter, more recent multidomain outcome measures will
be reported when available (Shear et al. 1994).

Clomipramine

As is the case in OCD, clomipramine’s experience
needs to be reviewed because of its similarly prominent
place in the evolution in the psychopharmacology of
PD. Clomipramine was one of the first serotonergic
agents studied in Europe, where it became the treat-
ment of choice.

The first studies (Gloger et al. 1981) suggested that
75% of patients benefited from treatment. The first
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significant effects of fluvoxamine over placebo with 
a 64% versus 42% responding (P < 0.002) with an
early onset (end of week 1) on some measures. Hoehn-
Saric and colleagues demonstrated the effectiveness 
of fluvoxamine in 50 panic patients with a mean dose 
of 206.8 mg/day, again with two-thirds of patients
becoming panic-free versus 22% on placebo (Hoehn-
Saric et al. 1993).

In larger (N = 117) 8-week multicenter trials, Hoehn-
Saric et al. (1994) again reported excellent results
against the symptoms of PD. Similarly, Woods et al.
(1994) in a study of 189 PD patients again found
almost two-thirds (64%) of fluvoxamine patients
became panic-free versus 40% of placebo patients,
again with improvement beginning in the 1st or 2nd
week. In the only negative trial, Nair and colleagues
compared fluvoxamine, imipramine, and placebo in
148 patients (Nair et al. 1996). There was a very high
dropout in the fluvoxamine cell (62%), probably
explaining the failure to observe a positive response.

In a recent multicenter, 12-week trial involving 229
patients, Dewolf et al. (1995) demonstrated clear effect-
iveness of fluvoxamine in outpatients.

In one of the earliest long-term trials of an SSRI in
panic, Holland et al. (1994) demonstrated that fluvox-
amine’s initial gains were maintained for a full year.
Fluvoxamine was well-tolerated, and improvement
was excellent in over 80% of the patients.

Fluvoxamine has been compared to cognitive-
behavioral therapy in several studies. Black and col-
leagues (1993) studied 55 patients in an 8-week trial
with a mean dose of 230 mg/day of fluvoxamine. In this
particular trial, fluvoxamine was shown to be superior
to both cognitive-behavioral therapy and placebo.
There was a very high response (90%) of moderate or
marked improvement versus only 50% with cognitive
therapy and 39% with placebo. Sharpe and colleagues
(1996) followed up this trial in 190 patients but found
fluvoxamine and cognitive-behavioral therapy to be
comparable. However, doses of fluvoxamine were only
150 mg in this trial. In another trial (de Beurs et al.
1995) fluvoxamine’s efficacy was doubled by an effect-
ive psychotherapy.

As mentioned, trials have begun to compare these
agents to each other and to clomipramine. J. den Boer
and colleagues have compared fluvoxamine to clomi-
pramine (den Boer et al. 1987) and essentially reported
equal efficacy with both medications, with two-thirds
of patients having excellent responses. There was some

large scientifically rigorous trial was performed by
Johnston and colleagues with a sample of 108 women
studied in an 8-week, placebo-controlled, double-blind
trial (Johnston et al. 1988). This trial provided the first
definitive evidence of clomipramine’s effectiveness
against the full range of panic symptoms.

Several further trials documented impressive results
with clomipramine. Fahy and colleagues (1992) studied
79 patients comparing clomipramine to lofepramine
and placebo, finding that 93% of the clomipramine
patients were panic-free at 24 weeks. In a small trial 
(N = 18), Hoffart and colleagues (1993) demonstrated
that 17 of 18 previous nonresponders had a signific-
ant reduction in symptoms in a 12-week, placebo-
controlled, double-blind study.

Two studies led to the acceptance of clomipramine
as the treatment of choice in Europe. Cassano and col-
leagues compared clomipramine to what was thought
to be the best treatment for PD at that time, imipramine
(Cassano et al. 1988). Although both medications were
effective, clomipramine was actually more effective on
several outcome measures and had a more rapid onset
of action in the 2nd week. Modigh and colleagues also
compared imipramine to clomipramine in a 12-week
trial (Modigh et al. 1992). Clomipramine led to greater
improvement on almost all of the principal outcome
measures. Again, improvement on clomipramine was
noted significantly earlier (week 4 vs. week 8) than
with imipramine. This was replicated more recently 
in an 8-week trial comparing low dose (50 mg/day)
clomipramine to imipramine (114 mg/day) (Gentil 
et al. 1993).

Comparisons to the SSRIs and clomipramine will be
included in the review of each SSRI when available.
However, in almost every trial the SSRI and clomipra-
mine have been observed to have comparable positive
effects, but the SSRI is better tolerated, leading to
fewer dropouts.

Fluvoxamine

Clinical use of fluvoxamine in PD in Europe has a long
history, but controlled trials began to appear in the 
late 1980s and early 1990s. In a 6-week trial (N = 58),
den Boer and colleagues compared clomipramine and
fluvoxamine (den Boer et al. 1987). The two drugs
appeared relatively equal in efficacy, with two-thirds
of the patient groups having an excellent response. In a
larger trial of 188 patients, Asnis (1992) also reported
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evidence that clomipramine’s onset of action was 
earlier than fluvoxamine, but there were higher doses
utilized for clomipramine (150 mg/day vs. 100 mg/day
of fluvoxamine). Fluvoxamine was compared to the
reversible MAOI brofaromine by van Vliet (1996),
who demonstrated comparable efficacy.

Citalopram

Citalopram has been utilized in Europe for quite some
time, although introduced to the US only relatively
recently. There have been relatively few studies in 
PD. In the first publication of an open trial, Humble
and colleagues reported results with 20 PD patients
(Humble et al. 1989). Thirteen of 17 patients experi-
enced significant symptomatic relief with doses aver-
aging 40 mg/day. These patients were subsequently
followed in a 15-month maintenance trial (Humble &
Wistedt 1992). During this time they maintained their
initial response and extended it in certain areas.

In the first, and to-date only, multicenter, well-
controlled trial, Wade et al. (1997) compared clomi-
pramine to citalopram in 479 PD patients. They were
studied in an 8-week, double-blind, placebo-controlled
trial and then followed for a year. Although citalopram
was clearly effective, its positive effects were not
observed until week 12. The follow-up trial was for 
a year and 279 of the initial patients participated 
in this long-term trial (Lepola et al. 1998). Over the 
12-month period, patients in the citalopram and
clomipramine groups both maintained their responses
and generally gradually improved. At the end of 12
months, patients in the 20–30 mg citalopram group
had the greatest response, closely followed by the
40–60 mg range. Almost all patients remaining in the
trial at 1 year were free of panic attacks.

Fluoxetine

Although fluoxetine was the first true SSRI released in
the US, its use in PD was limited to clinical situations
and open trials until recently. The first report was by
Gorman et al. (1987) with 16 patients in an open trial.
It was observed that most patients had a positive
response beginning around week 6, and they labeled 
7 of 16 subjects responders. However, half of the pati-
ents dropped out of the trial because of side-effects,
principally the hyperactivity–jitteriness syndrome.
This group subsequently studied 25 patients beginning

with only 5 mg/day of fluoxetine (vs. 10 mg) and gradu-
ally increasing the dose as tolerated. In this group,
76% of the patients had a moderate or better response
and marked reduction in the initial hyperactivity side-
effects with only 16% dropping out (Schneier et al.
1991). Pecknold reported results in an 8-week open
trial in 28 patients with 33% of patients being panic-
free by the end of week 3, and half by week 8 with a
mean dose of 20 mg/day. Again in an open trial,
Copland reported 10 of 12 panic patients having at
least moderate improvement.

In the first large, multicenter, fixed-dose (10 mg 
and 20 mg), placebo-controlled trial, Michelson et al.
(1998) reported positive results for 20 mg of fluoxe-
tine, but not 10 mg or placebo, in overall responses to
treatment. Panic attack reductions were more com-
plex, with significant reductions with 10 mg but not
20 mg in the intent-to-treat sample but significant dif-
ferences in the completer analysis for both doses. This
trial is a good example of the limited value of using
panic attacks as an outcome measure. In fact, there
were no differences between either dose of fluoxetine
and placebo on the number of patients who were com-
pletely panic-free. On the other hand, improvements 
in anxiety, avoidance, functional impairment, and in
the CGI Scale scores did show efficacy for fluoxetine
over placebo. Although it is possible that these results
suggest a lower potency for fluoxetine in treating PD, it
is more likely that this trial represents the vagaries of
utilizing simple panic attack outcome measures.

Eighty-eight patients who responded to fluoxetine
and 32 placebo responders from the initial treatment
trial were randomized to fluoxetine and placebo in a
continuation trial and demonstrated continued im-
provement (Michelson et al. 1999).

In a large (N = 366) international, multicenter trial
comparison with moclobemide, both drugs were about
equally effective with 70% being panic free on fluoxe-
tine at week 8 (Tiller et al. 1999). In a year extension,
almost all patients were much or very much improved
on the CGI Scale.

Paroxetine

The first publications of well-controlled placebo trials
with a true SSRI other than fluvoxamine were studies
published in Europe by Oehrberg et al. (1995) and in
the US by Ballenger et al. (1998c). The study of parox-
etine’s effects in PD is the most extensive of all the SSRIs.
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long-term improvement in PD over at least the 1st year
of treatment.

The first controlled trial of an SSRI published in 
the US was of a double-blind, fixed-dose, placebo-
controlled trial carried out in 20 centers in the US 
and Canada (Ballenger et al. 1998c). Ballenger and
colleagues studied 278 patients over a 10-week trial
comparing placebo to paroxetine doses of 10, 20, or
40 mg/day. This trial documented that 40 mg (but not
20 or 10 mg) of paroxetine was significantly better
than placebo or most outcome measures, including
panic attacks, and global severity. At week 1, patients
free of panic attacks on 40 mg (86%) were signific-
antly greater than those at 20 mg (65.2%), 10 mg
(67.4%), and placebo (50.0%). CGI Scale scores also
favored 40 mg of paroxetine. Avoidance declined,
although not significantly, while agoraphobic fears
were significantly lower, again favoring the 40 mg dose
of paroxetine. The significant improvements in anxiety
and depression ratings also favored the 40 mg dose,
definitively illustrating that the target dose for parox-
etine in PD is 40 mg.

In the first trial in panic disorder in Japan, a care-
fully performed placebo controlled trial reported 
that 82% on paroxetine had a moderate or better
improvement versus 43.5% on placebo (P < 0.0001)
(Kamijim, presented at Panic Meeting, Tokyo, 
2/4/01).

In an unpublished study, Ballenger and colleagues
(Ballenger et al. 2001) followed 138 responders from
the dose–response study described above in a 6-month
extension trial. After 3-months treatment on current
medication, responders were re-randomized in a 
double-blind fashion to either same-dose paroxetine
or placebo. In patients crossing from paroxetine to
placebo, 30% (11/37) relapsed while only 5% (2/43) of
patients continuing on paroxetine relapsed (P = 0.002).
The relapse rate seen in the group switching from
paroxetine 40 mg/day to placebo was highest, with
54% meeting criteria versus 17% relapsing from the
lower dosage groups (10 and 20 mg/day). Relapse 
was generally within 14 days crossing over to placebo
and in the two patients remaining on paroxetine it 
was at 14 and 28 days. Given the abrupt medication
withdrawal in this trial, it was difficult to distinguish
early relapse and withdrawal symptoms in some
patients; however, that there is a higher relapse rate
coming off paroxetine after 6 months of treatment is
quite clear.

The Oehrberg study was a large (N = 120) trial per-
formed in seven Danish centers. All patients received
cognitive-behavioral therapy and either 40 or 60 mg of
paroxetine or placebo. Paroxetine was demonstrated
to be effective by week 6 across the parameters meas-
uring panic attacks, as well as other measures (e.g.
anxiety, global response and dysfunction). Significant
responses were observed at weeks 3 and 6 and for the
remainder of the trial.

In a large 12-week multicenter trial (N = 367),
LeCrubier and colleagues (1997a) reported a com-
parison of paroxetine, clomipramine, and placebo. By
week 12, 50.9% of paroxetine patients versus 36.7%
of clomipramine and 31.6% of placebo patients were
free of panic attacks. The number of panic attacks in
the paroxetine group fell from 21.2/week to 5.2/week
versus 26.4/week to 16.6/week on placebo. The major-
ity of these patients (80%) had agoraphobia and there
was significant improvement for both paroxetine and
clomipramine in agoraphobia, anxiety, and functional
disability (work, social and family). The effects of 
both clomipramine and paroxetine were compar-
able, although in this trial paroxetine’s effects were
observed earlier, and it was clearly better tolerated
than clomipramine.

This same large multicenter trial followed 176
patients for 1 year in 32 centers in 11 European coun-
tries. Of the original sample, 116 (66%) completed 
the study and 60 patients (34%) withdrew. The largest
percentage of patients withdrew from the placebo-
treated cell (42%), then clomipramine (35%), and then
paroxetine (25%). The percentage of patients with-
drawing because of side-effects was the highest in the
clomipramine group (19%), with the paroxetine
group (7.4%) not significantly different from the
placebo group (6.7%). Although side-effects tended 
to improve in both active agents, there was a higher
percentage of patients with sweating and dry mouth
on clomipramine than paroxetine.

The patients continued to improve throughout the
long-term trial with almost 85% of the paroxetine
group being panic free versus 72.4% of clomipramine
and 59% of placebo patients at the end of the long-
term extension. Secondary measures of anxiety and
agoraphobia also continued to improve over that time
period. The Sheehan Disability Scale (SDS) demon-
strated continued improvement with paroxetine and
clomipramine over the entire follow-up period. This
study provides perhaps the best evidence of continued
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Sertraline

Experience with sertraline is relatively recent and 
consists of two large, flexible-dose, multicenter trials
(Londberg et al. 1998; Pohl et al. 1998; Pollack et al.
1998). In the trial reported by Pohl et al. (1998), a sample
of 168 patients were studied for 10 weeks. The drop 
in panic attacks (77%) on sertraline was significantly
greater than placebo (51%) and significantly more pati-
ents (62%) were panic free (46% placebo). Reductions
in time spent worrying, the Multicenter Panic Anxiety
Scale, and the Hamilton Anxiety Rating Scale (HAM-A)
failed to reach statistical significance, but improvements
on the CGI and Quality of Life Scales did. Two almost
identical trials with a total of 352 patients from 20 US
and Canadian centers were reported by Londberg et al.
(1998) and Pollack (1998). Patients were treated with
flexible dosing to 200 mg/day. Panic attacks were
reduced significantly more in the sertraline group begin-
ning at week 2. Sertraline patients also had a signific-
ant reduction in global CGI Scale scores by week 4.

In the trial reported by Pollack (1998), reduction 
in panic attacks were significantly greater by week 2 
(P = 0.04), and in CGI Scale scores by week 4, although
endpoint differences in panic-free status was not signi-
ficantly different (57% sertraline, 47% placebo). How-
ever, there were highly significant differences in high end
state functioning with 35% of the sertraline patients
meeting criteria versus 17% of placebo (P = 0.03), and
this is certainly a better outcome measure than panic-
free status.

There were also significant advantages for sertraline
on the CGI Scale, global evaluation ratings, and the
multidomain Panic Disorder Severity Scale (PDSS) 
(P = 0.03), perhaps the best available outcome measure
in PD. This study also provided for the first time out-
come measures of quality of life which highly favored
sertraline (P = 0.003). There were improvements in
mood, work, and family, as well as leisure activities.
Sertraline patients also had significantly higher scores on
measures of satisfaction with life and the medication.

In the fixed-dose study reported by Lundberg (1998),
patients experienced a 65% decrease in the number of
panic attacks (39% placebo). There were significant
reductions in other measures and also in anticipatory
anxiety measured by the HAM-A. There were no dif-
ferences between the doses (50, 100, 200 mg/day).

Sertraline was well tolerated in these trials with an
8.3% discontinuation rate for adverse events (versus

2.3% placebo). Principal side-effects were nausea, dry
mouth, diarrhea and ejaculation failure. There was very
little hyperactivity or jitteriness at the beginning with
only a 6% dropout rate in the 1st week, perhaps because
of the low starting dose (25 mg/day). Although the
higher rate for discontinuation very early in treatment
for sertraline (10.5% vs. 0% for placebo) does suggest
that even lower initial doses might be helpful.

Recommended doses

Probably the only definitive target dose supported by
empirical data is with paroxetine. In one trial, 40 mg
was clearly significantly better than both placebo and
10 and 20 mg doses (Ballenger 1998c). Although some
patients respond to lower doses and some patients
might require higher doses, the average patient should
be increased to 40 mg if tolerated.

Some early studies suggested that clomipramine
might be effective as low as 25 mg/day (Gloger et al.
1981, 1989), and this was recently confirmed in a 
large (N = 180) double-blind placebo-controlled trial
(Caillard et al. 1999) finding that 60 mg was as effect-
ive as 150 mg/day and better tolerated. However most
recent studies have treated patients between 150 and
250 mg/day.

The sertraline studies found it to be effective in the
range of 50–200 mg/day in flexible-dose trials (Pollack
1998), and the fixed-dose trial found no difference in
efficacy in the 50, 100, and 200 mg groups. Therefore,
no definitive statement can be made about a target
dose and most experts recommend that patients be
treated between 100 and 150 mg/day.

In the citalopram studies comparing 20–30 mg and
60–90 mg, both ranges were better than placebo in 
the reduction of panic symptomatology. However, the
20–30 mg range appeared to be more effective than
the higher dose (Lepola 1998). Although the results
with 10 mg of fluoxetine were significant, results with
20 mg were across a broader range of outcome meas-
ures and suggest 20 mg should be the target dose 
for fluoxetine in PD (Michelson et al. 1998). Although
clinical use has suggested that some patients will
respond better at higher doses, this has not been form-
ally studied. Interestingly, one recent trial reported
that stabilized patients could maintain their initial
improvement with once a week dosing, presum-
ably because of the 4–5 week half-life of fluoxetine
(Emmanuel et al. 1999).
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desmethyldiazepam) in an 8-week trial (Rocca et al.
1997). This trial involved 81 patients and compared
20 mg of paroxetine to 50–100 mg of imipramine and
3–6 mg/day of 2′-chlordesmethyldiazepam. Overall
paroxetine was more effective than the BZ and
approximately equal to imipramine, although efficacy
of paroxetine over 2′-chlordesmethyl diazepam was
apparent from week 4, whereas imipramine’s sup-
eriority was only from week 8. The improvement in the
HAM-A score for paroxetine of 15.6 versus 11.8 for
2′-chlordesmethyl diazepam was significant (P > 0.01)
at week 4, while the improvement of imipramine
(13.9) was significant at week 8 (P > 0.05). As seen 
in previous studies, both antidepressants tended to
improve the psychological symptoms whereas the BZ
led to greater improvements in physical symptoms.
Generally, differences in side-effects were as expected
with greater anticholinergic side-effects in the imipra-
mine group (dry mouth 56% vs. 8% paroxetine, 
and constipation 39% vs. 8% paroxetine), more than
with the BZ (10% and 5%, respectively). Drowsiness
was also more common with BZs and nausea more
common with paroxetine. Dropout was lowest with
paroxetine (17% vs. 20% BZ and 31% imipramine).

A large, multicenter, fixed-dose, placebo-controlled
trial compared efficacy of 20 and 40 mg of paroxetine
versus placebo over an 8-week period in 566 patients
(Bellew et al. 2000a). The primary efficacy outcome
measure was the HAM-A with the secondary outcome
measure the CGI Scale. Both doses of paroxetine led to
significant reductions in the HAM-A total score versus
placebo (P > 0.001). There were also significant differ-
ences between the doses of paroxetine versus placebo
in the percentage of CGI Scale responders (1 or 2) with
62% of the 20 mg and 68% of the 40 mg paroxetine
versus 46% of placebo patients having a 1 or 2 on the
CGI Scale (P > 0.001) (Bellew 2000a). In this fixed-
dose trial, quality of life questionnaires (EuroQol-5D)
and visual analogue scales demonstrated a significant
change on both measures in the paroxetine treatment
groups demonstrating a significant improvement in
quality of life even over this 8-week trial (Bellew et al.
2000b). Although there was no significant difference
between response in the 20 and 40 mg groups in the
HAM-A, more patients were rated as responders at 
40 mg than at 20 mg, suggestive of a difference. Signi-
ficant effects for both doses of paroxetine were seen in
the first two items of the HAM-A (anxiety and tension
items), as well as the psychic and somatic anxiety 

Probably the most important issue with dosing is the
clear experience that panic patients should begin treat-
ment with as low a dose as possible. This is perhaps
particularly true with fluoxetine which clinical experi-
ence would suggest is best started with a dosage range
of 2.5–5.0 mg/day with slow increases. Roy-Byrne and
Wingerson (1992) reported that actually beginning
with 2 mg/day of fluoxetine enabled a group of patients
who had previously been unable to successfully begin
treatment with fluoxetine to do so. Routine practice is to
begin paroxetine at 10 mg, and fluvoxamine and sertra-
line at no more than 25 mg/day and lower if possible.

Comparison between the SSRIs in panic disorder

Not surprisingly, there are relatively few studies com-
paring the SSRIs in the treatment of PD. As previously
described, paroxetine and clomipramine have been
directly compared in short-term and long-term treatment
(LeCrubier et al. 1997a,b). In that trial, efficacy was
largely comparable, although on some measures parox-
etine’s effects appeared to be more rapid and there were
greater reductions in secondary symptoms of anxiety,
disability and depression. The principal difference be-
tween the two was the better tolerability of paroxetine.

Also as mentioned, den Boer and colleagues have
compared fluvoxamine to clomipramine, again finding
them to be roughly comparable with some suggestion
that clomipramine was more effective in reducing anxi-
ety and depression (den Boer 1987). In a comparison
between citalopram and clomipramine, both drugs
were effective with little differences (Wade 1997).

Generalized anxiety disorder

Controlled trials of antidepressants in generalized anxi-
ety disorder (GAD) are much more limited and quite
recent. The only SSRI studied in placebo-controlled
trials or even open trials has been paroxetine. How-
ever, the SNRI venlafaxine, has been studied in a series
of short-term studies, and in one 6-month study and
has been demonstrated to be effective (Davidson et al.
1999; Gelenberg et al. 2000; Hackett et al. 2000).

Paroxetine

The first formal study of an SSRI (paroxetine) was 
a comparison with imipramine and a BZ (2′-chlor-
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subscales. The SDS functional disability scores were
significantly reduced in both dosage groups.

There was also a significant improvement over
placebo in disability in the paroxetine patients. Changes
on the SDS from baseline to week 8 were reductions 
of 6.1 for 20 mg paroxetine, 6.6 for 40 mg. and 3.0 
for placebo, significant differences for both doses 
(P > 0.001).

There were also two large, multicenter, double-blind,
placebo-controlled 8-week flexible-dose trials reported
by Pollack and colleagues (2001) in the US and by
McCafferty and colleagues (2000) in Europe. These
two studies utilized flexible dosing after an initial dose
of 10 mg/day and increases to 20–50 mg/day. A total
of 324 patients were treated in the two studies. Signi-
ficant reductions in these flexible-dose trials were
observed in eight of 10 efficacy measures including 
the HAM-A total, the anxiety and tension items (items
1 and 2), the psychic anxiety item, the CGI Scale, and
the SDS. Interestingly, the Somatic Anxiety Scale was
reduced but only at a trend level.

On the HAM-A item 1 (anxiety and worry), which 
is perhaps the item most representative of core GAD
symptomatology, the paroxetine group had significantly
greater improvement compared to placebo, beginning
at week 1 and lasting throughout the trial. On what
many consider to be the other characteristic item, 
the HAM-A item 2 (tension), significant differences for
paroxetine began in week 3 and were present at week
8. Significantly more paroxetine patients (P < 0.007)
had a CGI Scale improvement score of 1 (very much
improved) or 2 (much improved) (62% vs. 47% with
placebo). Similarly, if responders were defined as a
HAM-A total score of <10, significantly more patients
in the paroxetine (55%) were responders than placebo
(37%). Paroxetine was well-tolerated over the dose
range of 20–50 mg/day.

In a similarly designed, multicenter, double-blind,
placebo flexible-dose trial, Baldwin (Baldwin et al.
1999; Baldwin 2000b) studied 372 patients with either
paroxetine or placebo. Results were very similar to
previous trials in that the paroxetine group showed
significant improvements in the HAM-A total score
compared to placebo (P > 0.05). Again, there was a
higher proportion of paroxetine patients considered to
be responders on the CGI Scale (73% vs. 55%).

In a recent trial by Stocchi and colleagues (2001), a
large sample of 652 GAD patients were treated with
paroxetine (20–50 mg/day) for 8 weeks. Responders

were defined as those whose CGI Scale severity of ill-
ness score decreased by at least 2 points (and ≤ 3).
Responders were randomized to double-blind treatment
with either the same dose of paroxetine (N = 278) or
placebo (N = 288), and they were treated for an add-
itional 6 months. The primary outcome measure of
this study was the number of patients relapsing during
double-blind therapy. There was a significant differ-
ence between paroxetine and placebo with only 10.9%
of patients continued on paroxetine relapsing, versus
39.9% on placebo (P > 0.001). There was also a signi-
ficant difference in favor of paroxetine in time to relapse
as well. Secondary measures of efficacy also signific-
antly favored paroxetine. This study demonstrated an
almost five-fold increase in relapse if paroxetine is not
continued after the initial acute trial (8 weeks).

This is the only longer term treatment trial of GAD
with an SSRI and it clearly showed significant contin-
ued improvement over the 6-month extension in the
cell treated with paroxetine. Remission was defined by
reduction of the HAM-A to = 7 (Ballenger 1999a). 
At the end of the initial single blind phase, 42.5% 
of patients had achieved remission. At the end of the
double-blind continuation, fully 72% were in remis-
sion, compared to 34% on placebo (P > 0.001).

Equally important, the number of patients convert-
ing from either nonresponders or partial responders to
full remission almost doubled over a 6-month period.
These data suggest a significant difference in the way
of treating GAD. It would appear that patients with a
partial response should be continued on paroxetine
with the expectation that many partial responders
would convert to complete responders over the addi-
tional 6 months of treatment. A similar result has been
found in the venlafaxine trials and suggests that treat-
ment of GAD with antidepressants should be at least
6–8 months and probably at least a year or more at
least if some initial response is observed.

Dose

As mentioned, the trials with paroxetine found no
significant difference between 20 and 40 mg in the
fixed-dose trials. However there was a suggestion that
there was a higher percentage of responders with the
40 mg/day group. At this point, most clinicians would
begin treatment with paroxetine at 10 or 20 mg and
increase to at least to 20 mg. If there is a poor response,
then treatment to 40 mg would be recommended.
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study is; whether there is low response to fluvoxamine
in PTSD, or poor tolerance to the drug.

In another open trial, Marmar et al. (1996) observed
improvement in 11 combat veterans with chronic PTSD.
Only one subject dropped out and, in general, side-
effects were mild and of the type expected for an SSRI
(headache, nausea, insomnia, sedation). In this trial
fluvoxamine was associated with significant improve-
ment on the hyperarousal, avoidance, and intrusion
symptom clusters on both patient- and clinician-rated
scales. Additional secondary positive effects were 
seen in anxiety, hostility, depression, and the global
SCL-90.

There are no as-yet double-blind placebo-controlled
trials with fluvoxamine.

Fluoxetine

McDougle et al. (1991) treated 20 Vietnam veterans
with doses of fluoxetine ranging from 20 to 40 mg in a
long trial (mean 26 weeks). Twenty of the 23 patients
completed at least 4 weeks, with the principal side-
effects being gastrointestinal. Mean doses were 35 mg/
day. Approximately two-thirds of patients were deemed
responders on the CGI Scale and longer duration of
treatment seemed to be a predictor of those who would
respond.

Davidson et al. (1991) treated five patients with
civilian trauma with doses again ranging from 20 to 
80 mg for 8–32 weeks. Fluoxetine was seen to have
very significant improvement on both the intrusive 
and avoidance symptom clusters.

Shay (1992) treated 18 depressed Vietnam veterans.
They noted decreased explosiveness, and impulsivity
in 13 of the 18, with responses as early as week 1. The
average response, however, occurred between weeks 
3 and 6 in this retrospective study. Reductions in
depression ratings were also observed. Side-effects
were significant in this patient sample, with insomnia
often requiring the addition of trazodone, as well as
diarrhea, nausea, and reductions in libido.

Nagy and colleagues (1993) studied 27 PTSD combat
veterans, again with doses 20–80 mg for 10 weeks.
They utilized the modern Clinician Administered PTSD
Scale (CAPS-II) and observed decreases from a mean of
64 down to 42, which, although statistically significant,
was a relatively small reduction. They observed improve-
ment in the numbing and avoidance, hyperarousal,
and re-experiencing symptom clusters. Improvement

Length of treatment

As mentioned, the only long-term data suggest that
response continues to improve over at least 8 months
of treatment. This led to recent recommendations that
treatment, if successful, should continue for at least a
year before consideration of tapering and discontinu-
ation (Ballenger 2001).

Other effects

In a fascinating, uncontrolled study with 29 GAD
patients, treatment with paroxetine for 4–6 months
was associated with significant improvement in prob-
lematic personality traits (Allgulander et al. 1998).
Improvements on the Temperament and Character
Inventory (Cloninger et al. 1994) included a decrease
in harm avoidance (P = 0.0001) and novelty seeking 
(P = 0.006), as well as a positive increase in self-
directedness (P = 0.0004). This is an interesting result
extending the medication response beyond symptom
reduction and bears further study.

Post-traumatic stress disorder

Although post-traumatic stress disorder (PTSD) has
been a recognized condition and diagnosis for over 
20 years, there are relatively few trials of modern 
medications in this disorder. In fact, the earliest
reports of open trials with SSRIs in this condition are
<10 years old, and the double-blind controlled trials
have been completed only in the last few years and 
will be reviewed below.

Fluvoxamine

As SSRIs began to be utilized in PTSD, among the first
reports was a report by den Boer et al. (1991). J. den
Boer and colleagues studied 24 World War II resist-
ance fighters given 300 mg/day for 12 weeks. Eleven
subjects (46%) completed the trial, while nine discon-
tinued because of gastrointestinal side-effects, sleep
problems, and unspecified physical complaints. There
were statistically significant improvements on a PTSD
Scale they developed for this trial and other, more
standard measures. Five of the study patients asked to
continue on fluvoxamine at the end of the trial. It is
unclear what the appropriate interpretation of this
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generally took 6 weeks or longer, again suggesting
longer-term therapy and perhaps higher doses were
necessary to produce improvement. Disappointingly,
functional outcome measures demonstrated only min-
imal improvement.

The first double-blind trial of an SSRI in PTSD was
that by van der Kolk et al. (1994). Fluoxetine was
given up to a maximum of 60 mg/day (mean 40 mg/
day) to 31 military PTSD victims and 13 civilian PTSD
victims in a 5-week trial. They did observe an overall
positive effect for fluoxetine despite a very high dropout
rate, with side-effects typical of an SSRI, diarrhea,
sweating, and headaches. This was the first trial to
note a difference in response between male and female
and in civilian versus military groups. In the predomin-
antly female civilian group, fluoxetine lead to signi-
ficantly greater improvement in the re-experiencing
and numbing domains, as well as in depression and
lability. However, combat veterans failed to respond
in terms of PTSD symptoms, although depression did
improve. However, neither hyperarousal nor hostility
improved.

In two matched trials, Connor et al. (1999) and
Hertzberg et al. (2000) utilized fluoxetine up to 60 mg/
day over a 12-week period. The Conner trial demon-
strated that fluoxetine was superior to placebo in the
civilian group in terms of the severity of PTSD symp-
toms, stress reactivity, functional disability, and high
end-state function. They observed specific improve-
ments on the intrusion and avoidance domains, as well
as improvement in foreshortened future but little benefit
for nightmares (Meltzer-Brody et al. 2000). Interest-
ingly, Hertzberg and colleagues failed to observe any
drug-placebo differences. With the identical study
design, the principal difference was that the patients
studied in this trial were PTSD combat veterans. Con-
sistent with suggestions from earlier TCA and MAOI
trials, this trial provided additional evidence with
SSRIs that civilian PTSD trauma patients would
respond better than combat PTSD victims.

Sertraline

Kline et al. (1994) studied sertraline in 10 Vietnam
PTSD veterans with comorbid depression. They were
treated over 12 months with a mean dose of 98.5 mg/
day (range 5–150 mg/day). Interestingly, in this combat
veteran population, 63% of the participants appeared
to respond despite the fact that they had all been poor

responders to other treatments or poorly tolerated 
previous treatments. They raised the issue that drug
treatment improved PTSD victims’ resiliency or ability
to deal with stressful life events.

Rothbaum et al. (1996) studied five women who
had been raped. Doses varied between patients, some
treated as low as 50 mg and others at 150 mg. Four of
the five were felt to be responders, and sertraline was
well-tolerated, despite typical SSRI side-effects.

In the first double-blind placebo-controlled trial,
Brady and colleagues reported results from treatment
with flexible doses between 15 and 200 mg/day in 94
patients compared to 93 on placebo (Brady et al.
2000). Sertraline was associated with significantly
greater improvement on 3 of 4 of the primary outcome
measures (CGI-S, CGI-I, CAPS-II total severity score).
There was a trend level improvement for the Impact of
Event Scale (IES). They defined responders as those
who had a reduction of >30% on the CAPS-II total
severity score and a CGI Scale score of 1 (very much
improved) or 2 (much improved). Using this definition,
53% of the sertraline cell and 32% of the placebo cell
were classified as responders by week 12. Improvement
was noted in the symptom domains of avoidance,
numbing, and increased arousal but were not observed
on the re-experiencing-intrusion measures. There was
also no significant drug-placebo difference in males,
perhaps a reflection of poor response in the subsample
of veteran PTSDD subjects, mostly males. Response
was observed as early as week 2 in this trial. In a trial
with a matching design, Davidson and colleagues
found very similar results, demonstrating a significant
response to sertraline across many of the same out-
come measures (Davidson et al. 2001).

Paroxetine

In the first trial of paroxetine, Marshall et al. (1998)
studied 17 patients with chronic PTSD from civilian
trauma with doses from 10 to 60 mg for 12 weeks.
Mean reduction of PTSD symptoms on the Davidson
Trauma Scale (DTS) was 48% and 11 of the 17 (65%)
patients were rated as responders (1 or 2) on the CGI
Scale. Improvement was noted in all three symptom
clusters of re-experiencing, numbing, and hyperarousal.
Interestingly, various components of PTSD symptom
clusters responded at different times in this 12-week
trial. Outcome measures included patient ratings, the
treating physician, as well as independent evaluators
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paroxetine group (P < 0.001) and on the DTS total
scores. Paroxetine was well-tolerated with the typical
SSRI side-effects.

In the second flexible-dose (20–50 mg) multicenter
double-blind placebo-controlled 12-week trial (Stein
et al. 1999), the same design was utilized with 322
patients treated with a mean dose of 31.3 mg/day.
Significant improvement was observed on the CAPS-II
and TOPS total scores on paroxetine versus placebo 
(P < 0.05). Statistically greater improvement with
paroxetine was observed in the re-experiencing symp-
tom domain and, although numerical improvements
were observed for the other two clusters, these did 
not reach statistical significance. Significantly more
responders were seen on the CGI Scale in the parox-
etine cell (50%) than in the placebo cell (43.5%).
Improvements in disability in social and family life
were significantly greater in the paroxetine cell, and
although there were numerical differences in favor of
paroxetine in the work item on the SDS, this was not
statistically significant, probably because of the small
numbers of patients. Side-effects were again minimal.

All three of these trials were quite similar in methodo-
logy, length, patient recruitment, outcome measures,
etc., and therefore can be pooled. In the combined
sample, there were a total of 1180 patients with 676 on
paroxetine and 504 on placebo. Demographics of the
patients were well-balanced within each study and
within each treatment group. All three trials used the
CAPS-II total score as their primary outcome measure
and observed statistically greater improvement on
paroxetine (P < 0.001). The proportion of patients
deemed rated as responders on paroxetine (57%) was
significantly greater than those on placebo (39%: 
P < 0.001). In the pooled dataset on the CAPS-II, 
there was a statistically significant improvement in 
the re-experiencing symptom domain (P < 0.001), the
avoidance-numbing cluster (P < 0.001), and the hyper-
arousal cluster (P < 0.001), which were significantly
greater than placebo from week 4.

Importantly, reductions on the CAPS-II were signi-
ficant in both men and women and in all trauma types
(Marshall 1998; Stein 2000). Unlike other trials, 
outcome was not affected by gender, whether PTSD
trauma was military or civilian, or even by the time
since the trauma itself, the severity of PTSD, or depres-
sive symptoms at baseline. Interestingly, unlike the
fluoxetine and sertraline studies, response to parox-
etine was across all symptom clusters, genders, and

using the modern PTSD Scale, the DTS and the IES.
Mean reduction in PTSD scores by the independent
evaluator was 48%.

Paroxetine has been subsequently studied in three
large multicenter placebo-controlled trials (Stein et al.
1999; Beebe et al. 2000; Stein 2000): one fixed-dose and
two flexible-dose trials. Beebe and colleagues studied
551 patients in a fixed-dose study comparing 20 or 40
mg/day to placebo in a 12-week, double-blind, placebo-
controlled trial in 59 centers in the US (Beebe et al.
2000). Principal outcome measures were the CAPS-II
and the percentage of responders on the CGI Scale.
Secondary measures included changes in all three symp-
tom clusters (re-experiencing, avoidance, hyperarousal)
of the CAPS-II, the DTS, the Treatment Outcome PTSD
Scale (TOPS), and the SDS. Patient improvement in the
paroxetine cell on the CAPS-II was significantly greater
for both 20 mg (P < 0.001) and 40 mg (P < 0.001). On
the CGI-I, patients on paroxetine, both 20 and 40 mg,
were significantly more likely to reach a 1 or 2 on the
CGI Scale by endpoint (P < 0.001). On the secondary
measures, both doses of paroxetine significantly im-
proved the TOPS (P < 0.001). On the CGI Scale, 63%
of the 20 mg group were rated as responders, 57% of
the 40 mg group versus 37% of placebo. There were
also significantly greater responses for paroxetine on
the DTS, functional impairment on the SDS, as well as
comorbid depression as measured by the MADRS.
Side-effects were again of the expected SSRI class, i.e.
nausea, asthenia, diarrhea, sexual, and sedation. There
were no significant differences between doses in any of
the outcome measures.

Perhaps most importantly, response was signific-
ant in all three of the PTSD symptom clusters, re-
experiencing (P < 0.001), avoidance (P < 0.001), and
hyperarousal (P < 0.001), and in both men and women.

Results from the first large multicenter double-blind
placebo-controlled 12-week flexible-dose trial, with
307 patients treated with between 20 and 50 mg (mean
32.5 mg/day) were presented by Stein (2000). Again,
on the principal outcome measure of the CAPS-II,
there was significantly greater improvement compared
to placebo (P < 0.001). Again, there was significantly
greater improvement in all three PTSD symptom clus-
ters (re-experiencing, avoidance, hyperarousal). There
were significantly more responders (CGI Scale score 
1 or 2) in the paroxetine cell beginning at week 1 and 
at the end of the trial (59% vs. 39%). The TOPS 
total scores were reduced significantly greater in the
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trauma type. It is unclear whether this broader and
more extensive treatment response is related to differ-
ences with paroxetine or methodological differences
between the trials. Since re-experiencing symptoms are
the most critical symptoms in PTSD patients, and
developing successful treatments for military PTSD is
critical, these potentially important differences need to
be followed up.

Social anxiety disorder (social phobia)

Research in social anxiety disorder (social phobia) 
has generally lagged behind the other ADs, and this is
certainly true of psychopharmacological treatments.
There are preliminary studies with fluvoxamine, ser-
traline, and fluoxetine, but the only SSRI that has been
studied extensively in well-controlled trials is parox-
etine. These data will be reviewed below.

Fluvoxamine

The earliest trials (van Vliet et al. 1994) studied 30 
outpatients in a double-blind, placebo-controlled, 
12-week trial. They treated patients with 150 mg/day
of fluvoxamine, and 28 patients completed the trial, 
15 on fluvoxamine and 13 on placebo. Fluvoxamine’s
efficacy was demonstrated across the full range of the
outcome measures with significant differences between
fluvoxamine and placebo on most. Using the defin-
ition of a reduction of 50% or more on the Liebowitz
Social Phobia Scale (Liebowitz 1987), 46% of the 
subjects on fluvoxamine and 7% on placebo were rated
as responders. All of the symptom factors of the 
SCL-90 showed a statistically significant advantage for
fluvoxamine.

If the patients felt they were sufficiently improved,
they could continue for another 12 weeks. All 15 pati-
ents in the fluvoxamine cell elected to continue, but
none in the placebo group, certainly an early indica-
tion of fluvoxamine’s effectiveness. In the 12-week 
follow-up of responders on fluvoxamine, patients 
continued to improve, and their social anxiety and
avoidance continued to decrease.

Stein et al. (1999) recently completed a 12-week
multicenter placebo controlled trial of fluvoxamine
with a larger sample (N = 92). Patients were treated
with an average fluvoxamine dose of 202 mg/day. Stat-
istically significant differences favoring fluvoxamine

over placebo were found on most outcome measures.
The CGI Scale response rate on fluvoxamine was 43%
versus 23% in the placebo group.

Sertraline

In the first trial studying sertraline in social anxiety dis-
order in a small patient sample of 12 patients, patients
were treated with a mean dose of sertraline of 133 mg/
day in a cross-over flexible-dose design with doses rang-
ing from 50 to 200 mg/day. Despite the small sample,
they were able to demonstrate a 50% response rate for
sertraline versus only 9% for placebo after 10 weeks.
There were also statistically significant changes favor-
ing sertraline on the LSAS (Katzelnick et al. 1994).

Van Ameringen et al. (1999) have presented prelimin-
ary results from a large controlled study of sertraline.
The CGI-I responder rate of 53% for sertraline was
significantly greater than the 29% for placebo. This
study had a large sample of 203 patients, 134 on ser-
traline and 69 on placebo.

Although these studies differ greatly in design and
quality, they provide a preliminary estimate that ~50%
of patients with social anxiety disorder will have a
good response to sertraline.

Fluoxetine

Sternbach (1990) reported two responders to fluoxet-
ine and Schneier et al. (1992) reported that seven of 
12 responded. Similarly, Black et al. (1992) reported
that 10 of 14 had moderate or marked improvement
and Van Ameringen et al. (1993) 10 of 13. Perugi et al.
(1995) reported 13 of 19 responded and Fairbanks 
et al. (1997) eight of 10 children and adolescents
responded. In one double-blind trial comparing 20–
60 mg of fluoxetine to placebo, Kobak et al. (2002)
failed to observe a drug placebo difference. In this 
trial, placebo responses were higher than most recent
trials and fluoxetine’s lower (drop in LSAS of 22.6
points vs. 23.4 on placebo), which the authors sug-
gested may related to lower doses or study design.

Further double-blind trials with fluoxetine are 
warranted.

Citalopram

There has been a single case report describing citalo-
pram’s efficacy in social anxiety disorder. In this case
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greater than placebo on almost all outcome measures
at all points. On the principal outcome measure of 
the CGI Scale improvement responder categorization
(1 or 2), 50 of the 91 (55%) were rated as responders
versus 22 of the 92 (23.9%) of the placebo group at
week 12. Also, the LSAS Scale total scores decreased
from a baseline score of 78 by a mean of 30.5 (39.1%)
in the paroxetine group versus falling from 83.5 by
mean of 14.5 (17.4%) on placebo. Sixty-six percent of
the paroxetine group finished the trial with the most
common reasons for dropout being adverse effects
(15%). Seventy-seven percent of the placebo cell com-
pleted the trial with the most common reason for 
discontinuation being lack of efficacy (11%).

Efficacy was initially observed at week 4 and contin-
ued throughout each week of the trial. Paroxetine was
also significantly greater on five of the six secondary
efficacy measures including the SDS (work and social
life). Most side-effects were mild to moderate and were
the expected SSRI class side-effects of headache, sexual
difficulties, somnolence, and nausea.

In a second multicenter, flexible-dose trial using 
similar methodology, Baldwin and colleagues (1999)
also reported that paroxetine was quite effective and
well-tolerated. This was also a 12-week randomized, 
double-blind, placebo-controlled trial conducted in 
39 centers in Europe and South Africa. The sample
included 290 patients assigned to paroxetine doses
between 20 and 50 mg/day or placebo. The primary
outcome measure was the LSAS, and paroxetine pro-
duced significantly greater improvement on LSAS total
score from baseline with a drop of 29.4 versus 15.6 
on placebo (P < 0.001). Similar efficacy of paroxetine
versus placebo was seen in the CGI Scale responders 
(1 or 2) with 65.7% versus 32.4% (P < 0.001) at week
12. Efficacy was observed from week 4 throughout the
remainder of the trial.

Of the paroxetine group, 47% received 20–30 mg/
day with remainder receiving 40–50 mg/day with a
mean daily dose for paroxetine at week 12 being 
34.4 mg/day. The reduction in LSAS scores were from
baseline moderate-severe levels down to the moderate-
mild levels of secondary impairment.

In the secondary measures significantly greater effi-
cacy for paroxetine was again observed in the Social
Avoidance and Distress Scale (SADS) (P = 0.032).
Patients on paroxetine fell from a moderate/marked
level of disability at baseline to levels of mild disability
with reductions of ~30%. Improvement in levels of

report, three patients treated with citalopram were
reported to have good responses (Lepola et al. 1994).
In a 12-week open trial with 22 patients, 86% were
rated as responders (CGI Scale score 1 or 2) on 40 mg/
day (Bouwer & Stein 1998). Again, controlled trials
are needed to compare citalopram’s efficacy to the
other, better-studied agents.

Paroxetine

The only SSRI adequately studied and reported in
social anxiety disorder is paroxetine with a series of
well-controlled, acute, and for the first time, long-term
maintenance-relapse prevention trials.

The first report of the use of paroxetine in social
anxiety disorder was by Mancini and Van Ameringen
(1996) who studied 18 patients in a 12-week open 
trial with doses that began at 10 mg/day of paroxetine
and which were increased based on tolerability and
response. Responders were patients who attained a
CGI = 1 (markedly improved) or CGI = 2 (moderately
improved) and 15 of 18 (83.3%) of the paroxetine
patients met that criteria, with nine of the 15 respon-
ders actually having a marked improvement. There
were statistically significant improvements in parox-
etine on most measures with CGI Scale severity of 
illness scores being reduced from 5.3 at baseline to 3.7
at the end of the study (P < 0.001).

In a similar report appearing the same year, Stein 
et al. (1996) reported the results of a 12-week double-
blind comparison of paroxetine and placebo in 36
patients. Patients were treated with 10–50 mg/day. At
the end of 12 weeks, responders were continued on
paroxetine or tapered and discontinued with placebo
substitution. At the end of the acute phase trial, 77%
of the paroxetine patients (22/30) were defined as
responders (CGI = 1 or 2). The LSAS was reduced
from 75.1 ± 25.4 (moderately severe) to 37.2 ± 32.5
(normal or mildly ill) (P < 0.0005). Sixteen of the
responders were randomized in the 12-week continua-
tion phase with eight remaining on the same dose of
paroxetine and eight slowly tapered and put then on
placebo. Of the patients randomized to placebo, five of
the eight (63%) relapsed versus only one of the eight
(13%) continued on paroxetine.

In the first of the large multicenter placebo-controlled
trials (Stein et al. 1998), 187 patients were treated for
12 weeks with flexible doses (20–50 mg) of paroxetine
or placebo. The effects of paroxetine were significantly

CHAPTER 18

354



SSRIs IN THE TREATMENT OF ANXIETY DISORDERS

function were in all three areas of work, social, and
family life.

Although the common adverse events of nausea,
asthenia, and insomnia were observed, there was actu-
ally little difference in the adverse experience reported
by the paroxetine and placebo groups with 74.1% 
and 68.2% reporting adverse effects. Of the patients
reporting serious side-effects, there were slightly more
in the paroxetine group (4.3% vs. 1.3%) with none
considered to be actually secondary to paroxetine.

Although paroxetine did reduce the baseline HAM-
D ratings significantly more than the placebo group,
covariate analysis demonstrated that the changes in
the primary social anxiety disorder variables were
independent of effects on depression as measured by
the HAM-D.

In a connected follow-up trial by Allgulander (1999),
a total of 99 patients were treated with flexible doses 
of paroxetine (50–20 mg) or placebo for 3 months.
Improvement in the paroxetine cell was seen from
week 4 on the principal outcome measure of the LSAS
which significantly favored paroxetine. The propor-
tion of responders (much or very much improved) on
the CGI Scale was greater on paroxetine (70.4%) than
placebo (8.3%) (P = 0.0001). The reduction in LSAS
in the paroxetine group was 33.4% compared to 8.6%
on placebo (P = 0.0001). Paroxetine was also signi-
ficantly superior to placebo in the secondary outcome
measures of the Brief Social Phobia Scale (BSPS), the
SDS, and the Fear of Negative Evaluation Scale (FNES).

As mentioned, there are some long-term data as
patients from several of these trials were followed 
in long-term placebo-controlled extensions. Patients
from the large study reported by Stein et al. (1998)
were followed for an additional 28-week extension to
the acute 12-week study. Patients receiving paroxetine
for the entire 36 weeks (N = 40) not only maintained
their improvement but improved further with the
number of responders rising from 27/40 to 29/31 at
follow-up. In his trial, Allgulander followed up pati-
ents by interviewing them again after a total treatment
period of 32 months. They were able to interview 36 
of 92 patients at 32 months and observed that efficacy
of paroxetine was maintained and significantly aug-
mented during the extended treatment period.

A recent long-term multicenter trial was presented
by Hiar et al. (2000). Four hundred and thirty-seven
patients were treated in an initial 12-week single-blind
paroxetine treatment, and 323 of those were continued

in a long-term 24-week treatment study with 257 com-
pleting. Significantly more patients on placebo (39%)
relapsed than those on paroxetine (14%). Similarly,
the LSAS was reduced significantly more in the parox-
etine group (P < 0.0001).

Conclusions

With the publication in the last few years of large, 
well-controlled, multicenter trials comparing SSRIs to
placebo in all of the five principal ADs, it is now clear
that the SSRIs are quite effective and well-tolerated in
each of those disorders. As reviewed, paroxetine has
now been demonstrated in well-controlled trials to be
significantly more effective than placebo in all five
ADs. Fluoxetine, sertraline, and fluvoxamine have also
been studied in well-controlled trials in some of these
disorders, demonstrating similar efficacy and toler-
ability. Citalopram has been less well-studied, but
appears to also be effective in probably most of these
conditions. As has been reviewed in this chapter, the
SSRIs are now recommended by most expert and con-
sensus groups as the treatment of choice in each of 
the five ADs.

This is itself fairly remarkable and represents the
clear evolution of the treatment of choice from clomi-
pramine in OCD and BZs in GAD and PD. The change
to recommending SSRIs in GAD is perhaps the biggest
change. Previously, the mainstay of treatment had
been the BZs, and, to a lesser extent, buspirone. This
change also recognizes that GAD is a long-term con-
dition and that the SSRIs are more appropriate as 
long-term agents. Also given the high rate of depres-
sion and other ADs in GAD, the recommendation of
the use of SSRIs makes all the more sense.

The demonstration of efficacy of several SSRIs in the
treatment of PTSD also represents a major therapeutic
advance. In this often difficult-to-treat and chronic
condition, finding a well-tolerated and nonabuseable
treatment is important.

Most of the SSRIs in the treatment of these five 
primary ADs are now being recommended for at least
1–2 years treatment which is yet another change, and
recognizes the chronic nature of all five conditions in
most patients. Although this is a somewhat understud-
ied area, the studies that are available demonstrate that
acute response is maintained with the SSRIs as long as
the medication is continued. Also when patients are
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studied for longer periods, improvement continues and
a larger group of patients become responders or even
enter the remission group. Although this does need fur-
ther study, there are now sufficient data to document
the value of maintenance treatment, at least 6–12 months
in each condition, and generally 12–24 months in most.
Given the high rate of comorbidity, both acutely and
especially over the long-term with these disorders, the
case for utilizing SSRIs to treat each of the five disor-
ders for at least 1–2 years is now unequivocal. It is less
well-studied how treatment with the SSRIs for these
conditions compares with psychotherapy, and there is
need for well-controlled trials comparing these two
treatments utilized alone and in combination. Although
combination treatment may offer the ideal treatment
as suggested by some trials, this is not supported by all
trials and needs further study.
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Treatment of Anxiety Disorders with
Tricyclic Antidepressants
R. Rosenberg

Panic disorder

The benefit of imipramine treatment of panic attacks
was already demonstrated by Klein in 1964 (Klein 1964).
According to his influential theory (Klein et al. 1981)
the core symptom of panic disorder (PD) is recurrent
panic attacks, some of which are spontaneous while
others are precipitated by phobic stimuli. Anticipatory
anxiety and agoraphobia are suggested to be sequela to
recurrent panic attacks which eventually are followed by
depression as a demoralization phenomenon (Rosenberg
et al. 1991). Hence, standardized assessments should
include measures of panic attacks, anticipatory anxiety,
phobic symptoms, comorbidity (especially agoraphobia
and depression) and global improvement (Shear &
Maser 1994). Most studies from the 1990s present
data on such measures.

The heuristic validity of PD has generally been
accepted. However, with respect to the validity of the
putative nosological entity, important issues still need
clarification, especially comorbidity issues with affect-
ive disorders. The high comorbidity between PD and
affective disorders (Rosenberg & Jensen 1994) sug-
gests that antipanic effects of antidepressants might be 
secondary to their efficacy on depressive symptoms.
Multicenter studies enrolling large samples of patients
allow analyses of subgroups to elucidate this import-
ant problem.
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Introduction

During the last two decades extensive research has
widened the indications of antidepressant drugs to
include most, if not all, anxiety disorders including
obsessive-compulsive disorder. Randomized controlled
trials have demonstrated the efficacy of antidepress-
ants on major anxiety components (Ballenger 1999;
Zohar et al. 2000) and basic neurobiological research
has given important insights into the pathophysio-
logy of anxiety disorders (Goddard & Charney 1997;
Coplan & Lydiard 1998) and the pharmacodynamics
of antidepressants (Sanchez & Hyttel 1999).

Panic disorder and obsessive-compulsive disorder
have been the most extensively studied of the anxiety
disorders, and results from controlled drug trials have
influenced the development of neurobiological models
of these disorders (Charney et al. 1993; Coplan &
Lydiard 1998; Sanchez & Hyttel 1999). Disturbances in
serotonergic neurotransmission have been suggested
to be essential components in the pathophysiology of
several anxiety disorders (Zohar et al. 2000).

In this chapter evidence from controlled trials with
the classical tricyclic antidepressants (TCAs) will be
shortly reviewed. A major issue to be addressed in 
this chapter is whether the appearance of the specific
serotonin reuptake inhibitors (SSRIs) and other new
antidepressant compounds means an end to the use of
the TCAs in the treatment of anxiety disorders.
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and subjected to several meta-analyses (Wilkinson et al.
1991; Boyer 1995; Gould et al. 1995; van Balkom et al.
1997: Table 19.1). Most reviewers agree upon the
efficacy of the TCAs, especially IMI, on various clinical
components of PD.

In Wilkinson et al.’s (1991) meta-analysis the median
effect sizes for several important clinical parameters
based on 13 studies on antidepressants (12 with IMI)
and six on benzodiazepines were calculated. The treat-
ment median effect size for TCAs was 0.55 indicating
moderate improvement. The effect size for panic attacks
was fairly low [0.27], but panic attacks were not system-
atically registered in all studies. It was also registered
that the effect sizes varied widely (from 0.002 to 0.76)
on panic attacks in individual studies. The effects sizes
for IMI and benzodiazepines were quite similar.

Boyer (1995) calculated an improvement ratio
defined as improvement on active drug divided by 
that on placebo based on nine studies with IMI and
three with CMI. For IMI the mean improvement ratio
for the nine studies was 1.90 (range 1.00–2.97) and for
CMI (the three studies) 2.43 (range 1.66–5.41).
However, Boyer evaluated only efficacy for completers

The affinities to serotonergic and noradrenergic trans-
porters vary across TCAs (Sanchez & Hyttel 1999). 
In this connection, it is theoretically interesting that
amongst the two most frequently studied TCAs clomi-
pramine has a higher affinity for the serotonin trans-
porter than imipramine.

Imipramine and clomipramine

Studies from the 1980s
In a series of studies published in the 1980s, the anti-
panic efficacy of imipramine (IMI) and (clomipramine)
CMI was suggested from several double-blind placebo
controlled trials of 6–12 weeks duration (Rosenberg 
et al. 1999). However, sample sizes were modest, i.e.,
less than 25 in each treatment cell and some studies
allowed concomitant psychotherapy. Methodological
restrictions called for larger multicenter studies, which
fulfilled modern requirements of standardized diag-
nostic assessment and of clinical phenomenology of PD.

The early literature of panic studies has been tradi-
tionally reviewed, for instance, by Liebowitz et al. (1988),
Balestrieri et al. (1989), and Matuzas and Jack (1991),

CHAPTER 19
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Table 19.1 Panic disorder. Meta-analysis of short-term TCA treatment trials.

Double-blind placebo Outcome TCA >
Study N Years control only placebo/control Comments

Wilkinson et al. 13 1964–1986 Yes Yes Comprehensive study, effect sizes 
(1991) calculated for major outcome

measure

Boyer (1995) 15 1980–1992 Yes Yes Panic free was main outcome
measure (four studies other anxiety
measure); only completer analysis;
clomipramine and SSRIs combined

Gould et al. (1995) 43 (9)* 1980–1994 No Yes Comprehensive analyses of efficacy
of drugs and psychotherapy.
Special analyses on antidepressants
vs. placebo, statistical testing of
effect sizes

van Balkom et al. 106 1964–1995 No Yes Antidepressants evaluated 
(1997) (antidepressants) as a group including some 

SSRIs. The combination of
antidepressants with exposure in
vivo is the most potent short-term
treatment for agoraphobia

*Antidepressants vs placebo.
TCA, tricyclic antidepressants; SSRIs, specific serotonin reuptake inhibitors.
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in the trials and only considered one major outcome
(i.e. panic attacks). Boyer also analysed results from
trials with SSRIs. Boyer subsumed CMI under the 
concept of serotonin reuptake inhibitors. Interestingly,
the meta-analysis demonstrated that serotonin reup-
take inhibitors were significantly superior to both IMI
and the benzodiazepine alprazolam.

Multicenter studies in the 1990s
Flaws in evaluating the literature by meta-analysis have
recently been underlined by Klein (2000), and Klerman
(1988) was an early advocate for giving high priority to
quality aspects of controlled trials in evaluating drug
efficacy. Many of such requirements (i.e., randomized
placebo controlled double-blind design, standardized
assessment, absence of concomitant psychotherapy
and statistical analysis of intent to treat, and completer
samples) have been fulfilled in multicenter studies
(Cross-National Collaborative Panic Study 1992: Table
19.2) although even such large studies may be subject
to methodological criticism.

Imipramine

Cross-National Collaborative Panic Study
In phase II of the Cross-National Collaborative Panic
Study (1992) IMI, alprazolam and placebo were com-
pared in an 8-week trial. IMI was efficacious on a wide
range of panic phenomenology including panic attacks,
anticipatory anxiety and phobic avoidance behavior.
However, for completers of the trial no differences were
seen on the primary outcome measure panic attack.

An important finding was that the efficacy of IMI
was not restricted to the amelioration of panic attacks,
but comprised a spectrum of clinically relevant symp-
toms including phobic avoidance behavior, even in the
absence of concomitant psychotherapy. Furthermore,
it was found that improvement as in the treatment 
of depression with TCAs was gradual over weeks. In
contrast, the benzodiazepine alprazolam had a faster
mode of action. After 8 weeks both drugs had similar
profiles of efficacy.

Affective symptoms A substantial proportion of the
patients had affective symptoms. Among panic patients,
16% fulfilled the criteria for current major depressive
episode, 16% for past major depressive episode, and
12% for dysthymia.

Deltito et al. (1991) analysed a subgroup of patients
(N = 312) from the CNCPS applying strict criteria to

rule out affective symptoms, i.e., current or previous
affective episode as well as dysphoria. They found that
the clinical response to IMI or alprazolam was independ-
ent of the presence of current or past affective symp-
toms. Analyses relying on general linear models on the
importance of current major depressive episodes are in
accordance with this conclusion (Maier et al. 1991).
Detailed analysis of panic patients with dysthymia
did not suggest this syndrome to be of major clinical
relevance for the outcome of drug treatment of PD
(Rosenberg & Jensen 1994).

Although patients with affective symptoms did
improve significantly, patients with current major
depressive episode improved less, probably due to higher
scores at baseline on most anxiety and affective scales
(Rosenberg & Jensen 1994). No significant differences
were observed between IMI and alprazolam consider-
ing subgroups defined by affective symptoms.

These results strongly indicate that IMI has specific
efficacy on core symptoms of PD independent on the
presence of affective symptoms.

Avoidance behavior Twenty-two percent of the patients
had uncomplicated PD, 40% limited phobic avoidance,
while 36% had agoraphobia.

The role of avoidance behavior has been further
analysed applying analysis of variance within the frame-
work of a linear model to test the efficacy of active
drugs in different subgroups of patients (Maier et al.
1991a,b). Patients with extensive avoidance beha-
vior (agoraphobia) profited the most from treatment
with active drugs but, surprisingly, specific drug effects
were most pronounced in avoidance behavior. PD
uncomplicated by avoidance behavior responded nearly
equally well to alprazolam, IMI, and placebo, while
phobic avoidance was significantly improved by both
drugs.

In summary On a spectrum of symptoms PD patients
improve on short-term IMI treatment independent of
comorbid affective or phobic symptoms. The improve-
ment is gradual over several weeks. However, patients
with agoraphobia may have a better response to drugs
than patients with uncomplicated PD.

Other multicenter studies
The efficacy of IMI in PD has been substantiated by
later multicenter studies (Nair et al. 1996; Barlow et al.
2000). Barlow et al. (2000) included 312 patients in 
a study where drugs and psychosocial therapies were
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TREATMENT OF ANXIETY DISORDERS WITH TCAs

compared in an acute treatment phase with a 12-weeks
duration and after 6 months of maintenance therapy in
responders. The groups were followed up for 6 months
after treatment discontinuation. Data from the IMI
and the placebo group are shown in Table 19.2. Inter-
estingly, IMI treated patients improved on the Panic
Disorder Severity Scale after 3 months, but not on the
Clinical Global Scale (CGI) as compared with placebo.
However, after 6 months of maintenance, IMI was also
significantly better on the CGI suggesting that max-
imum improvement may require a time period longer
than generally studied in controlled trials.

Clomipramine

CMI-paroxetine and citalopram multicenter studies
The SSRIs have been studied extensively in PD (see
Chapter 18), but in two large multicenter studies CMI
has been included as a reference drug.

Lecrubier et al. (1997) compared CMI with paroxe-
tine in a double-blind placebo controlled study and a
multicenter study with PD, while Wade et al. (1997)
studied the effects of the TCA as measured against
citalopram. The design, methods and main results are
presented in Table 19.3. Studies included a long-term
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Table 19.3 Panic disorder. Multicenter studies comparing CMI and SSRIs (paroxetine and citalopram).

CMI vs. paroxetine: Lecrubier et al. (1997) CMI vs. citalopram: Wade et al. (1997)

Design and methodology DB-pla N : 367 DB-pla N : 475
Flexible dose Fixed dose
PAR: 20–60 mg CIT: 10–60 mg

10–20 mg: 31% 10–15 mg: 35%
20–40 mg: 37% 20–30 mg: 34%
40–60 mg: 31% 40–60 mg: 32%

CMI: 50–150 mg 12 wk CMI: 60–90 mg 8 wk

Patients PD 20% PD 25%
PD + AG 75% PD + AG 75%
Female 60% Female 70%
Age 35 yrs Age 38 yrs

Results Panic free Panic free
CMI 37% CMI 50%
PAR 51% CIT 57%
PLA 32% PLA 30%

Anxiety symptoms: significant decrease Anxiety symptoms: significant decrease
Global improvement Global improvement

PAR 46% PAR 41%
CMI 36% CMI 39%
PLA 24% PLA 21%

Phobias: significant decrease Phobias: not studied

Drop-outs (due to Drop-outs: Drop-outs:
side-effects) CMI 27 (15%) CMI 26(10%)

PAR 29 (7%) CIT 18 (7%)
PLA 36 (11%) PLA 26 (7%)

Long-term study 36 weeks (N = 176/367 = 48%); 52 weeks (N = 279/475 = 59%); 
drop-outs 34% drop outs 36%
Efficacy sustained or increased* Efficacy sustained or increased†

*Lecrubier et al. (1997). †Lepola et al. (1997).
AG, agoraphobia; CIT, citalopram; CMI, clomipramine; DB-pla, double-blind placebo-controlled study; PAR, paroxetine; PD, panic disorder;
PLA, placebo; SSRIs, specific serotonin reuptake inhibitors.



phase (4–6 months) the medication was tappered and
discontinued with placebo substitution under double-
blind conditions. Sixty-three percent of the patients
were followed-up for up to 3 years. Twenty percent
remained asymptomatic, 37% experienced a relapse
5.2 ± 4.9 weeks, while 43% experienced recurrence
42.9 ± 35 weeks after discontinuation.

Table 19.2 summarized some major drug trials from
the 1990s (Taylor et al. 1990; Andersch et al. 1991;
CNCPS 1992; Fahy et al. 1992; Modigh et al. 1992;
Gentil et al. 1993; Nair et al. 1996; Lecrubier et al.
1997; Wade et al. 1997; Caillard et al. 1999; Barlow 
et al. 2000).

In summary Although the SSRIs studies focused on the
new antidepressants, CMI was included as a reference
drug and further support for the efficacy of CMI was
obtained in both large studies. It may be argued that
the studies were somewhat biased against CMI by
fairly low-dose prescription of CMI, but the Caillard
et al. (1999) study justifies such approach.

Other TCAs

Compared with IMI and CMI much less evidence is
available for the clinical efficacy of other TCAs in PD.

Fahy et al. (1992) compared CMI with lofepramine
in a placebo-controlled trial where some behavioral
counseling were also given (Table 19.2). By the end of
the acute phase at week 6 a pronounced placebo effect
was seen. Forty-two percent had zero panic attacks com-
pared with 67% in the active drug groups. However,
on several other outcome measures both drugs were
superior to placebo.

Interestingly, no tendency for relapse was noted in
the 3 months following taper-off of medication from
week 12 to week 24. This is in contrast to a similar
study of Clark et al. (1994).

Studies applying a much less rigorous design suggest
desimipramine (Kalus et al. 1991) and nortriptyline
(Munjack et al. 1988) as efficacious. A double-blind
study by Den Boer & Westenberg (1988) is theoretically
interesting, as they compared fluvoxamine, a SSRI, and
maprotilin, a specific noradrenergic uptake inhibitor.
The former drug appears to be potent antipanic agent,
while the latter had slight effect on depressive symp-
toms (cf. Boyer 1995).

Sasson et al. (1999) applied a double-blind cross-
over comparison of CMI and desimipramine in a 

extension treatment phase. There were some minor
differences in methodology, but essentially the same
results were obtained in both studies; however, 
phobic symptoms were not addressed in Wade et al.
(1997).

In the study of Lecrubier et al. (1997), CMI patients
improved slowly with respect to panic attacks and the
drug was not significantly better than placebo before
week 12. Paroxetine had a faster mode of action. When
other outcome measures were considered (anxiety,
phobia, disability, and others) the active drugs gave
better improvement compared to placebo from week
9. There were no significant differences between the
active components throughout the trial.

In Wade et al. (1997) which compared CMI with
citalopram, dosage for CMI was 60–90 mg/day and 
for citalopram 10–15, 20–30 or 40–60 mg/day. There
was an increasing number of panic-free patients in all
groups, but the improvement was significantly higher
for CMI and citalopram (20–30 and 40–60 mg/day)
treated patients. Similar improvements were observed
for measures of depressive symptoms.

Number of dropouts and side-effects reported were
fairly similar in the two studies (Table 19.3).

It may be argued that relatively low dosages of 
CMI were applied, especially in the Wade et al. (1997)
study, but problems concerning adequate CMI-dosages
have recently been addressed in a multicenter study.

Clomipramine low/high-dose multicenter study
Caillard et al. (1999) studied the efficacy of two doses of
CMI (30–60 and 75–100 mg/day) in an 8-week placebo
controlled multicenter study (Table 19.2). Several out-
come measures were applied. CMI was significantly
superior to placebo chiefly but not for all measures. 
It was concluded that both CMI dose schedules were
more efficacious than placebo especially with respect
to global improvement, and that the low dose was at
least as effective as the high dose, sometimes more so.
CMI was well-tolerated, the low dose being better 
tolerated. It was discussed whether more improvement
on phobic symptoms would have been obtained by a
longer trial period and higher doses of CMI. The plasma
level of active drug was not measured.

Lotufo-Neto et al. (2001) treated 81 PD patients
with or without agoraphobia with flexible doses of
CMI under single-blind conditions. Seventy percent
reached full remission in 16.2 ± 6.5 weeks, with a
mean dose of 89 ± 8 mg/day. After a maintenance

CHAPTER 19
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TREATMENT OF ANXIETY DISORDERS WITH TCAs

16-week double-blind study including 17 patients with
PD. Both drugs led to a significant reduction of panic
attacks, but CMI was superior to desimipramine on
several ratings of anxiety.

Tolerability and side-effects

The well-known spectrum of side-effects of TCAs
(anticholinergic, cardiovascular, and others) may be a
major hindrance for their wider applicability in panic
patients, who are assumed to be very sensitive to any
symptoms imitating anxiety attacks, such as palpita-
tions and tremor. An initial exacerbation of anxiety
symptoms has frequently been noticed, and experts
advise more gradual dose increase when treating 
panic patients than is used with depressed patients
(Klerman et al. 1993). High dropout rates have often
been noticed in controlled trials of TCAs. In the
CNPCS significantly more patients dropped out in the
IMI group (30%) compared with the benzodiazepin
alprazolam group (17%), but not in comparison with
the placebo group (40%). Low-dose CMI may be 
sufficient for some patients and is better tolerated than 
high doses.

Compared with the SSRIs, CMI is also less well-
tolerated, but an advocate for CMI could claim that
the difference between CMI and the SSRIs are of minor
clinical relevance with respect to side-effects.

Discontinuation symptoms have also been described
for antidepressants, but have not been observed as a
major problem in controlled studies.

Long-term treatment

PD is generally conceived as a chronic and recurrent
disabling syndrome. The optimal time to discontinue
treatment has not been determined (Lecrubier et al.
1997). In a comprehensive review of the course and
outcome of panic patients by Roy-Burne and Cowley
(1994) it is concluded that while most patients improve
by modern treatment, few are cured. The presence 
of agoraphobia, depression and personality disorders
indicated a poorer prognosis. Thus, a majority of pati-
ents may require long-term treatment. In a review by
Burrows et al. (1993) from 1993 it was concluded that
long-term treatment with TCA did not lead to loss 
of efficacy. On drug withdrawal, high rates of relapse
were observed. A recent study (Mavissakalian & Perel
1999) reports similar findings.

Katschnig et al. (1995) followed up 423 patients
from the CNCPS. The mean duration and follow-up
was 47 months (range 27–73 months). The course of PD
was not uniform. Long duration of illness and severe
phobic avoidance at baseline were predictors for an
unfavorable course.

It is reassuring that long-term efficacy for CMI 
and SSRIs was found in the extension phase of the
studies by two reviewed SSRI-CMI studies (Lecrubier
& Judge 1997; Lepola et al. 1998). The therapeutic
gain by drug treatment was present during the long-
term treatment period and even tended to increase.

In a study by Barlow et al. (2000), IMI was compared
with cognitive therapy and placebo. Responders of 
the acute phase were then seen monthly for 6 months
(maintenance phase) and then followed up for 6 months
after treatment continuation. Six months after discon-
tinuation, response rates decreased for IMI from 60%
to 20% indicating that for some patients, continuous
drug treatment is required.

In summary Tolerance to TCAs in PD has not been a
major problem. In contrast, greater improvement may
be expected by a longer treatment period. However,
continuous treatment may be required for patients
with long duration of illness and phobic avoidance.

Optimizing TCA treatment

A dose of 150–200 mg of IMI is assumed to be the
most appropriate initial target dose, but as in the treat-
ment of depression plasma, monitoring antidepress-
ants should have a more prominent role in the future
considering the genetic polymorphism for cytochrome
P450 isozymes (Meyer et al. 1996).

There is evidence that some patients may improve
on low dose (10–50 mg) CMI treatment (Gloger 
et al. 1989; Modigh 1989; Caillard et al. 1999). The
presence of agoraphobia may require higher dosages
(Gloger et al. 1989). Plasma levels of CMI have seldom
been applied. Modigh et al. (1992) compared IMI and
CMI, but found no significant relations between plasma
concentrations of IMI or CMI or their metabolites in
relation to clinical response. Marcourakis et al. (1999)
have reported relationships between improvement and
ratios of CMI/dose and desmethylclomipramine. Thus,
further studies are needed.

Mavissakalian and Perel (1995) have published an 
8-week, double-blind placebo controlled dose-ranging
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Obsessive-compulsive disorder

Introduction

Obsessive-compulsive disorder (OCD) has been con-
sidered a rare and chronically disabling illness. Recent
epidemiological research applying modern diagnostic
criteria has found that the prevalence of the disorder is
higher than previously estimated (Pélissolo et al. 1998:
see also Chapter 6). The strikingly low placebo response
established in early studies (e.g., The Clomipraine Col-
laborative Study Group 1991) has not subsequently
been consistently corroborated (Zohar & Judge 1996),
which indicates that OCD may follow courses of vary-
ing severity. Nevertheless, in the treatment of OCD
antidepressant drug treatment is considered a major
breakthrough. The pharmacological outcome literature
of OCD can be divided into four phases: (i) open studies
in the 1970s, (ii) smaller controlled studies published
in the 1980s, (iii) two major multicenter studies of the
efficacy of CMI, the most serotonergic TCA, at the
beginning of the 1990s, and, (iv) several recent SSRI-
studies which have questioned the claim of CMI as a
drug of first choice in OCD treatment.

Studies from the 1980s
According to Liebowitz et al. (1988) and Montgomery
et al. (1998) the benefit of CMI in OCD was initially
demonstrated in the late 1960s and affirmed in several
open studies in the 1970s. According to the seminal
review of Liebowitz et al. (1988) at least 10 controlled
studies published in the 1980s started the use of TCA
in Diagnostic Statistical Manual, 3rd edition (DSM III:
American Psychiatric Association 1980) anxiety dis-
orders. This is supported by a more recent meta-
analysis of the efficacy of drug treatment by Piccinelli
et al. (1995). CMI has been compared with nortripty-
line, desimipramine, amitriptyline and IMI in studies of
small sample size (N = 19–24), and typical short dura-
tion (i.e., 4–6 weeks) (Piccinelli et al. 1995). Placebo
control was not used consistently. Nevertheless, evid-
ence of the efficacy of CMI was obtained on obsessional
and compulsory symptoms, as well as on concomitant
anxiety and depression.

Furthermore, it was suggested early on that CMI
was more efficacious than other TCAs involving less
affinity for serotonergic reuptake proteins, although
such a difference was not demonstrated in all studies
(Liebowitz et al. 1988). Based on a meta-analysis of

trial in 80 panic patients with agoraphobia. They used
weight-adjusted doses of IMI: (low) 0.5 mg/kg/day,
(medium) 1.5 mg/kg/day, or (high) 3.0 mg/kg/day.
Plasma levels of IMI and N-methylimipramine and
response to treatment were ascertained after 4 and 8
weeks. There was a significant positive dose–response
relationship. For phobias, the best total drug plasma
levels were in the range of 110–140 mg/mL. Higher
doses had a detrimental effect. For PD, improvement
was observed by increasing dose, but rendered no
improvement beyond 140 mg/mL.

A predictor analysis (Mavissakalian & Perel 1996)
of the data for the plasma concentrations of IMI, des-
methylimipramine and total drug concentration demon-
strated that IMI and total drug concentration were 
better predictors of most outcome measures considered
than desmethylimipramine. As this major metabolite
has higher noradrenergic affinity than IMI, the author
suggests that the antipanic and antiphobic activities
are predominantly mediated by serotonergic mechan-
isms (cf. Den Boer & Westenberg 1988; Boyer 1995).

An important clinical implication is that drug
efficacy may decrease by increasing total plasma con-
centration indicating the existence of a “therapeutic
window.” If replicated in future studies, this finding is
further support for using therapeutic drug monitoring
in optimizing TCA treatment of PD.

Conclusion

Among the TCAs, IMI and CMI have been most 
extensively studied. Both drugs are efficacious in the
treatment of PD, and patients benefit across most
important clinical aspects, including panic attacks,
anticipatory anxiety and phobic avoidance behavior.
This improvement is not dependent on the treatment
of concurrent affective symptoms.

CMI is suggested to be more efficacious than IMI
indicating that drugs with predominantly serotonergic
affinity may be clinically more efficacious in the treat-
ment of PD. Panic patients may be especially sensitive
to the well-known spectrum of side-effects of the drugs,
which may limit their role in the long-term treatment of
a chronic disorder. Low-dose efficacy has been demon-
strated for clomipramine with better tolerance.

In studies comparing CMI with SSRIs some differ-
ences in efficacy and side-effects in favor of the SSRIs
(paroxetine and citalopram) have been found, but the
clinical relevance hereof might be questioned.

CHAPTER 19
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TREATMENT OF ANXIETY DISORDERS WITH TCAs

eight trials testing CMI against TCAs with no selective
serotonergic activity, including the monoamine oxidase
inhibitors (MAOIs) clorgyline and phenelzine, Picinelli
et al. (1995) concluded that CMI was superior to other
antidepressants on obsessive-compulsive symptoms con-
sidered together with anxiety, depression and global
clinical improvement. In psychosocial adjustment no
difference was obtained.

In the 1980s it was often debated whether the efficacy
of the TCAs was attributable to their antidepressant
activity or to a specific effect on obsessional and com-
pulsory symptoms (The Clomipramine Collaborative
Study Group 1991).

Multicenter studies in the 1990s
The Clomipramine Collaborative Study Group pub-
lished an important paper on two double-blind studies
at 21 centers evaluating the therapeutic efficacy, safety,
and tolerance of up to 300 mg/day of CMI in 520
patients with OCD diagnosed according to DSM-III
(The Clomipramine Collaborative Study Group 1991).
It was a placebo-controlled study applying standard-
ized outcome measures of obsessions and compulsions
(Yale-Brown Obsessive Compulsive Scale [Y-BOCS],
National Institutes of Mental Health [NIMH] Global
Scale, and the Hamilton Rating Scale for Depression
[HAM-D]) to control for concomitant depressive symp-
toms. After a 2- to 4-week washout period patients
entered a 2-week single-blind placebo period. During
the following 10 weeks, patients with qualifying scores
on these scales were randomly assigned to either CMI
or placebo. Qualifying score was >15 on Y-BOCS at
three weekly assessments (maximum score 15), >6 on
the NIMH Global Scale (range of clinical OCD 7–15),
and <17 on the 17-item HAM-D.

Two-hundred and thirty-nine patients with a dura-
tion of OCD for at least 2 years entered Study I, while
281, who had been ill for at least 1 year, were included
in Study II. The patients had all had OCD for a long
time (mean 14–16 years). Mean scores on the HAM-D
were 6–7 in the two studies reassuring that concomit-
ant depressive symptoms were not prevalent.

The two studies gave almost identical results for 
the major outcome scales demonstrating a pronounced
effect of CMI and weak placebo response. The mean
response was thus a reduction in Y-BOCS scores of
38% and 44% in Studies I and II, respectively, in 
comparison with 3% and 5% for placebo treated pati-
ents. Statistically significant differences were obtained

from week 1–2 through week 10. The efficacy of 
CMI increased almost linearly through the trial. The
time course of improvement was similar for scores on 
the NIMH Global Scale, but shortly after statistically
significant differences were obtained (week 2 Study I,
week 5 Study II). At the visits later on in the trial, when
compared with 10% in the placebo group, 55% of pati-
ents treated with CMI considered themselves as much
or very much improved and the physicians gave similar
ratings. Half of the CMI-treated patients had NIMH
global scores in the normal or subclinical range.

Because of a forced titration schedule the studies 
did not permit determination of the optimum daily
dosage, but for the majority of patients maximum
dosage ranged from 150 to 250 mg/day. Well-known
anticholinergic side-effects were seen more often in 
the CMI group, but it was concluded that CMI was
well-tolerated. Temporary elevation of some hepatic
enzymes was observed in 18 patients taking CMI com-
pared to only one in the placebo group. Seizures were
seen in one CMI-treated patient and in three other
patients during the 1 year continuation study. Among
the CMI-treated patients, 9% discontinued prematurely
as compared with 2% in the placebo group.

The study was followed up by a 1-year double-blind
extension phase. The number of CMI patients fulfilling
the 1-year period was sufficient to suggest that the effi-
cacy was maintained or even increased (Katz et al. 1990).

The importance of this study is evident for several
reasons. It included (i) substantially larger samples of
patients than previous studies, (ii) only nondepressed
patients were included, and, (iii) standardized assess-
ment on target symptoms was applied.

In summary In OCD treatment CMI is efficacious 
in a clinically meaningful sense. High dosages, up to
300 mg/day administered over 10 weeks or more, may
be required to optimize drug efficacy. Efficacy is main-
tained through continued treatment for at least 1 year.
Based on such firm evidence, CMI has for a long time
been considered a reference drug for OCD. The multi-
center studies indicated that OCD is a disorder with no
response to placebo. Furthermore, serotonergic theories
on OCD were strongly supported.

The SSRI era

Treatment of OCD with SSRIs is thoroughly reviewed in
Chapter 18, but part of the literature will be addressed
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(CMI, 8%; fluoxetine 12%; fluvoxamine, 15%; and
sertraline, 10%).

Summarizing six meta-analyses of pharmacological
and psychological treatment (Greist et al. 1995; Piccinelli
et al. 1995; Stein et al. 1995; Abramowitz 1997; Kobak
et al. 1998; van Balkom et al. 1998), Kobak et al. (1998)
were stricken by the relative consistency in the order of
effect sizes for the SRI. Their analysis was thus consis-
tent with previous meta-analyses suggesting that CMI
stood out from the rest of the SRIs in terms of clinical
efficacy (Table 19.4). Similar advantages for CMI have
been suggested for depressed in-patients (Vestergaard
et al. 1993).

It has been suggested that patients with OCD are
less sensitive to TCA side-effects as they suffer from an
incapacitating disorder (The Clomipramine Collaborat-
ive Study Group 1991). Based on meta-analytical evid-
ence CMI was suggested to be more efficacious than
SSRIs. If so, it may still be a reference drug in the SSRI
era. However, when reading meta-analyses caution
must be taken (Fallon et al. 1998) and to decide on 
the relative efficacy of drugs treatment a head-to-head

in the following in order to clarify the future role of
CMI in the SSRI era.

Meta-analyses
With the documentation of the efficacy of SSRIs in
OCD, several meta-analyses have addressed the clin-
ically important question regarding the relative efficacy
and tolerance of serotonergic reuptake inhibitors (SRIs).
Greist et al. (1995) compared the results from four large
multicenter placebo controlled trials which used sim-
ilar, although not identical designs including Y-BOCS
and CGI as outcome measures. The above-mentioned
multicenter CMI study (N = 520) was compared with
studies on fluoxetine (N = 355), fluvoxamine (N = 320)
and sertraline (N = 325). All four drugs were decis-
ively better than placebo with CMI being significantly
more effective than the remaining three from which no
difference in effect size was found.

Surprisingly, the total dropout rate (side-effect plus
lack of efficacy) was significantly lower for CMI than
for each of the other compounds. There were no signi-
ficant differences in dropouts caused by side-effects
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Table 19.4 OCD. Some meta-analysis of serotonergic drugs. (Modified after Kobak et al. 1998.)

Abramowitz Greist et al. Piccinelli et al. van Balkom 
Study Kobak et al. (1998) (1997) (1995) Stein et al. (1995) (1995) (1994)

No. of
studies 77 32 4 30 36 56

Year (range) 1973–1997 1975–1995 1986–1991 1988–1994 1975–1994 1970–1993

Drug
CMI 1.11 1.31 1.48 1.71 1.41 1.46
FLX 0.86 0.68 0.83 1.39 0.57 1.39
FLU 0.79 1.28 0.50 1.14 0.57 1.18
SER 0.52 0.37 0.45 0.77 0.52 0.45
PAR 0.56 N/a N/a N/a N/a N/a

SSRIs (mean) 0.68 0.78 0.59 1.10 0.55 1.01

Comments Studies not excluded Only randomized Four large Studies with single Randomized Studies with
due to poor studies with multicenter medication of double-blind  antidepressants 
methodology; drugs multiple placebo >6 wk duration drug trials in and/or 
also compared to treatment or controlled and no concomitant peer-reviewed psychotherapy
behavior therapy control groups studies psychotherapy journals

CMI, clomipramine; FLU, fluvoxamine; FLX, fluoxetine; OCD, obsessive-compulsive disorder; PAR, paroxetine; SER, sertraline; SSRIs, specific
serotonin reuptake inhibitors.
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comparison in the same study is needed (Montgomery
et al. 1998).

Direct comparison of CMI and SSRIs
Between 1990 and 1997, several studies comparing
CMI and fluoxetine, fluvoxamine and sertraline were
published (Freeman et al. 1994; Koran et al. 1996;
Lopez-Ibor et al. 1996; Zohar & Judge 1996; Bisserbe
et al. 1997). Some studies including a substantial num-
ber of patients are presented in Table 19.5. Similar
efficacy was found for all drugs studied. A placebo
group was included in the study of Zohar and Judge
(1996). Interestingly, a much larger placebo response
was observed in comparison with the classical 1991
study of CMI (The Clomipramine Collaborative Study
Group 1991). Thus, a reduction of 25% or more in
total Y-BOCS scores by CMI, paroxetine and placebo
were obtained by 55%, 55% and 35%, respectively.

Table 19.5 also shows dropout rates, reported
adverse effects and the percentage of patients who
dropped out due to side-effects. Marked differences
were not observed between the drugs. In general, CMI-
treated patients made complaints of anticholinergic 
or hypotensive symptoms, while patients on SSRIs
reported higher frequencies of insomnia and nervous-
ness. In a meta-analysis of 62 randomized controlled
trials, including 6029 patients with major depression
(Anderson & Tomenson 1995), SSRIs were reported
to be somewhat better tolerated as is also evidenced 
by dropout rates caused by side-effects. However, the
clinical relevance of the overall fairly small difference
was questioned.

Affective comorbidity

In order to address the important question of drug
efficacy in patients with significant comorbidity, Hoehn-
Saric et al. (2000) have studied the efficacy in patients
selected to have concurrent OCD and major depressive
disorder (MDD). Sertraline (up to 200 mg/day) was
compared with desimipramine (up to 300 mg/day) over
12 weeks. The SSRI was more effective in reducing both
OCD and MDD symptoms than desimipramine (a 
primarily noradrenergic reuptake inhibitor). Sertraline
had a milder spectrum of side-effects. This study demon-
strates that sertraline is efficacious in patients with
OCD and MDD, i.e., in two highly comorbid disorders.
Interestingly, the noradrenergic drug was less potent
even with respect to depressive symptoms.

Route of administration

CMI is the only SRI available for intravenous injection.
Clinically significant improvement in drug treatment
of OCD usually takes about 6 weeks, and one cannot
predict which patient will respond to treatment. Koran 
et al. (1998) have used an intravenous pulse loading 
of CMI in a small study of 15 patients in a randomized
double-blind placebo controlled trial. Interestingly,
evidence was obtained that intravenous pulse loadings
led to a faster rate of improvement, and the authors sug-
gest that this route of administration may be valuable,
especially for patients who have failed oral treatment
trials. Salle et al. (1998) have reported growth hormone
after the intravenous CMI challenge predicted response
to treatment after 8 weeks. These interesting studies
need replications.

Plasma concentrations

Mavissakalien et al. (1990) have reported that OCD
responders had significantly higher CMI plasma levels
and a trend toward lower desmethylclomipramine/CMI
ratios.

Conclusion

Due to its marked effects on core symptoms, CMI
from the early 1990s has been considered a reference
drug for OCD treatment. The improvement is not a
consequence of its antidepressive efficacy. As in PD,
CMI is considered more efficacious than other TCAs.
However, its role is questioned by the appearance of
the SSRIs as evidence of greater therapeutic efficacy 
of CMI demonstrated in meta-analyses has not been
confirmed in a head-to-head comparison studies. Fur-
thermore, SSRIs have a better profile with respect to
side-effects and safety.

Generalized anxiety disorder

The efficacy of TCAs in generalized anxiety disorder
(GAD) has been less frequently studied than has been
the case with PD and OCD. In evaluation of the liter-
ature it should be emphasized that diagnostic criteria
for GAD have changed from DSM-III to DSM-IV
(American Psychiatric Association 1994), so that worry
(apprehensive expectation) now has a prominent role
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among diagnostic criteria. In recent years, the validity
of GAD as a diagnostic entity has been thoroughly 
discussed (Brown 1997; Barlow & Wincze 1998; Judd 
et al. 1998).

Among early studies from 1974 to 1986 reviewed by
Liebowitz et al. (1988) and Johnstone et al. (1980)
demonstrated a significant effect of amitriptyline on
anxiety and depressive symptoms in a large group of
neurotic patients. The efficacy of the antidepressant
was not different from that of diazepam. In a large
placebo-controlled comparison of IMI and chlor-
diazepoxide antianxiety effects of IMI was by the 2nd
week increasingly better as compared with those of
benzodiazepine (Kahn et al. 1986). Even when exclud-
ing patients with panic-phobic symptoms, this still
demonstrated superior antianxiety effects of IMI.

Hoehn-Saric et al. (1988) studied a group of patients
with a DSM-III diagnosis GAD (N = 60). Alprazolam
was compared with IMI in 6 weeks applying a flexible
dosage schedule. The benzodiazepine was more effect-
ive during early treatment, but after 2 weeks both drugs
were equally effective. However, the benzodiazepine was
suggested to be more effective in attenuating somatic
symptoms, while IMI in comparison had an enhanced
effect on psychic symptoms, such as dysphoria and negat-
ive anticipatory thinking. It was concluded that patients
with chronic worries obtain better results on antidepres-
sants than on benzodiazepine. This study is of special
interest in view of the criteria for GAD in DSM-IV.

Similar findings were reported in an 8-week placebo
controlled study of Rickels et al. (1993) who compared
IMI (mean 143 mg/day), trazodone (255 mg/day) and
diazepam (25 mg/day) in 230 patients with a DSM-III
diagnosis of GAD. Psychic symptoms such as tensions,
apprehension and worry were more responsive to the
antidepressants. Surprisingly, no difference in attrition
was observed, but with the exception of drowsiness, both
antidepressants caused more side-effects than diazepam.
Significant improvements were not notable for the
antidepressants until the 3rd week of treatment.

Rocca et al. (1997) compared IMI with chlordes-
methyldiazepam and paroxetine in 81 patients with a
DSM-IV diagnosis of GAD. A similar picture appeared.
The benzodiazepine led to fast improvement, but after
the 4th week more improvements were seen among
patients treated with the antidepressants. These drugs
administered later on predominantly affected psychic
symptoms and, as the benzodiazepine had more effect
on somatic symptoms, Hoehn-Saric et al. (1988) have

suggested that somatic symptoms and hyperarousal
respond to drugs acting on the γ-aminobutyric acid
(GABA) system, whereas psychic symptoms respond to
treatment affecting the noradrenergic or serotonergic
symptom.

In summary In spite of the few controlled trials in
GAD, a consistent picture has emerged demonstrating
antianxiety efficacy of the TCAs studied, especially on
those psychic symptoms that in DSM-IV are mandatory
for the diagnosis of GAD. As for most other anxiety
disorders, improvement is gradual with significant effect
after about 3 weeks.

Post-traumatic stress disorder

There has been growing interest in drug treatment of
post-traumatic stress disorder (PTSD) as the course is
often chronic and leads to disability (Ballenger et al.
2000; Kessler 2000). Theories on the neurobiology of
the disorder (Charney et al. 1993; Nutt 2000) suggest
various mechanisms by which drugs may benefit PTSD
patients.

In the 1980s it was suggested that antidepressants
might benefit patients with PTSD, but there have been
few placebo-controlled studies of PTSD. Frank et al.
(1988) published a double-blind randomized trial on
the effect of IMI (N = 12) and phenelzine (N = 11) in
34 male veterans with PTSD. Both drugs significantly
improved PTSD symptoms, especially the more specific
anxiety symptoms assessed by the Impact of Event
Scale, a scale focusing on symptoms specific to PTSD,
and particularly for phenelzine.

In 1990, Davidson et al. (1990) published an 8-week
trial where amitriptyline (50–300 mg/day) was com-
pared with placebo in 46 veterans with chronic PTSD.
Efficacy was measured both by observer and self-
rated scales. Patients who completed 4 weeks (N = 40)
improved more with amitriptyline on the HAM-D. In
the group completing 8 weeks of treatment (n = 33), the
drug was superior to placebo on HAM-D, HAM-A,
CGI Severity, and Impact of Event Scales. However, at
the end of treatment, 64% of the amitriptyline and 72%
of the placebo samples still met the diagnostic criteria
for PTSD. Drug-placebo differences were greater in the
presence of comorbidity in general, although recovery
rates were uniformly low in the presence of major
depression, PD, and alcoholism.
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(Ballenger et al. 1998) in contrast to studies with other
antidepressants, such as MAOI (Versiani 2000) and,
recently, SSRIs (Stein et al. 1998; Allgulander 1999).
Among the reasons for this, may be that trials in the
1980s and the 1990s focused on PD and OCD, and
that the growing evidence for the diagnostic validity of
social phobia has coincided with the appearance of the
SSRIs and other new antidepressants.

However, social phobia is a disorder that is highly
comorbid with other anxiety disorders, for instance
PD. As TCA treatment typically lead to improvement
of most symptoms, it would be reasonable to assume
that TCAs may benefit social phobic symptoms, as
well as worry and other affective symptoms which
often incapacitate patients with social phobia. As for
PTSD, the future role of the TCAs will depend on
results from future trials comparing TCAs and more
recent antidepressants.

Conclusion

The group of classical TCAs has had an important
position in the psychopharmacological treatment and
for the pathophysiological conceptions of anxiety dis-
orders. An extensive body of evidence testifies to their
efficacy in the treatment of PD and OCD, but support
for therapeutic efficacy is available for other anxiety
disorders except for social phobia. The effect on 
anxiety symptoms is not secondary to amelioration of
depressive symptoms.

Evidence suggests that CMI is more efficacious 
than other TCAs and it is tempting to attribute this 
to CMI’s higher affinity for the serotonin transport. 
In the 1990s CMI obtained the status of a drug of 
reference in OCD. Interestingly, evidence from a meta-
analysis has suggested that CMI is more efficacious
than the SSRIs. However, direct comparison of the
serotonergic drug has not substantiated this finding.

The disadvantages of the TCAs are their well-known
side-effects (especially anticholinergic) and toxicity in
overdose. However, although the lower tolerance of
the TCAs is often stated to be a major disadvantage 
in comparison with new antidepressants, especially 
the SSRIs, the latter compounds are far from free from
side-effects. In terms of empirical evidence, such as
reported side-effects and dropout rates, the differences
are in favor of the SSRIs, but many studies do not
report striking differences between TCAs and more

An extension of this study was published in 1993
(Davidson et al. 1993). At this point, 62 patients had
entered the trial, and, as expected, drug improvement
on the above mentioned scales was substantiated. Better
response to amitriptyline was observed on several items
from the scales, including depressed mood, insomnia,
anorexia, loss of libido and hypochondriases. From the
self-rated Impact of Event Scale the symptom “pictures
about it keep popping into my mind” also responded
better to the drug. Overall 14 patients responded to
amitriptyline, whereas 15 failed. Drug response was
related to lower baseline levels of depression, neuro-
ticism, combat intensity, anxious mood, impaired 
concentration, somatic symptoms, feeling of guilt, and 
one intrusion and four avoidance symptoms of PTSD.
Similar relationships were not observed in the placebo
group indicating a specific drug effect.

Kosten et al. (1991) compared IMI (50–300 mg/
day, N = 23), phenelzine (15–75 mg/day, N = 19) and
placebo (N = 18) in an 8-week trial of male veterans.
By week 5, both drugs significantly reduced PTSD symp-
toms as assessed by the Impact of Event Scale, but IMI
gave less improvement (25%) than phenelzine (44%),
and only on the intrusion subscale, not the avoidance
subscale. Anxiety measured by the Covi Scale did not
improve. Overall IMI appeared to be less effective than
the MAOI. Neither depressive symptoms nor simple
antidepressive effect were suggested to be account-
able for treatment results. The role of noradrenergic-
specific drugs is questionable (Ballenger et al. 2000).

Davidson et al. (1997) have reviewed seven placebo-
controlled trials including different antidepressants in
the treatment of both combat and noncombat patients
with PTSD. Interestingly, drug response rates in both
groups appeared similar, but placebo response rated
was suggested low in combat veterans, but high among
civilians.

In summary Although some efficacy for TCAs has been
shown in PTSD, controlled studies are few, and recent
studies have focused on the SSRIs (see Chapter 18). The
future role of the TCAs will depend on results from future
trials comparing TCAs and more recent antidepressants.

Social phobia

Surprisingly, no placebo-controlled study with TCAs
has been performed on patients with social phobia

CHAPTER 19

376



TREATMENT OF ANXIETY DISORDERS WITH TCAs

recent antidepressants. Nevertheless, there is general
consensus that the SSRIs have a more favorable safety
(Thoren et al. 1980; Montgomery et al. 1998) profile.
Furthermore, during treatment depressed patients on
SSRIs are more likely to complete a course of adequate
dose and duration than patients who initiate therapy
on a TCA (Donoghue 2000).

However, it would be premature to conclude that
the role of the TCAs, such as that of the CMI, has been
completely defined. In a world with comprehensive bio-
logical variations among human beings it may be wise
to have drugs with broader pharmacodynamic profiles
than the new antidepressants, such as the SSRIs.
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Buspirone in the Treatment of
Anxiety Disorders
K. Rickels, S. Khalid-Khan & M. Rynn

5-HT1A serotonergic autoreceptors, located in the
dorsal raphe nucleus (De Montigny & Blier 1992).
Binding to these receptors enables these drugs to
influence the activity of serotonergic neurones through
receptor down-regulation. In addition buspirone also
has a moderate affinity for presynaptic dopamine 
D2 receptors. It is not known, however, whether this
affinity for dopamine receptors contributes to the 
anxiolytic properties of buspirone (Tunnicliff 1991;
Pecknold 1994).

Acute application of buspirone and of other aza-
pirones to presynaptic dorsal raphe autoreceptors results
in inhibition of serotonergic neurones firing, while
increasing noradrenergic firing in the locus ceruleus
(Eison & Temple 1986). Serotonergic functioning gen-
erally recovers following continued administration,
presumably due to down-regulation of the 5-HT1A
autoreceptors. In contrast, postsynaptic hippocampal
5-HT1A receptors do not appear to down-regulate,
although they show reduction in serotonergic func-
tions after acute treatment. Chronic administration of
the azapirones, as with traditional antidepressants,
causes a down-regulation of 5-HT2 receptors, possibly
explaining their moderate antidepressant properties.

Buspirone has a short elimination half-life of 2–3 h
with a weakly active 1-(2-pyrimidinyl)-piperazine 
(1-PP) metabolite that does not itself bind to 5-HT1A
receptors and has α2-adrenergic antagonistic prop-
erties. There is no interaction between the binding 
of benzodiazepines and buspirone. Buspirone does 
not bind to the γ-aminobutyric acid (GABA) benzo-
diazepine complex nor is buspirone blocked by the
benzodiazepine receptor antagonist flumazenil (Goa
& Ward 1986).
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Introduction

This paper focuses on efficacy and safety of the aza-
pirone buspirone for the treatment of anxiety disor-
ders (Eison 1990). Buspirone is the only serotonergic
medication that is not a selective serotonin reuptake
inhibitor (SSRI) presently approved for the treatment
of generalized anxiety disorders in many countries.
Buspirone acts as a partial agonist at the 5-HT1A sero-
tonin receptor subtype. Its primary mechanism of action
is not serotonin reuptake inhibition. Other 5-HT1A
partial agonists, such as ipsapirone, gepirone, tan-
dospirone, flesinoxan, all do possess some anxiolytic
and some mild antidepressant properties, but the daily
doses needed to produce such effects also produce an
unacceptable number of adverse events (Cutler et al.
1993; Rickels et al. 1997; Stahl et al. 1998). Antagonists
of the 5-HT2 serotonin receptor (e.g. ritanserin) and the
5-HT3 receptor (e.g., ondansetron, zacopride, zato-
setron) have also been studied as possible anxiolytics
but with little success (Cutler et al. 1993; Schweizer 
& Rickels 1995; Olivier et al. 2000). Thus buspirone 
is the only azapirone 5-HT1A partial agonist with 
a favorable adverse event profile and demonstrated
anxiolytic efficacy.

Mechanism of action/pharmacokinetic
properties

5-HT1A drugs such as buspirone, gepirone and others
appear to act as partial agonists at the postsynaptic 
5-HT1A population of serotonin receptors located at
the hippocampus, but as full agonists at the presynaptic

20



much less daytime sedation was seen with buspirone
than with alprazolam 0.5 mg, diazepam 5 mg or
lorazepam 1 mg (Dement et al. 1991). Comparing 
buspirone with diazepam, sedation in subjects with 
a single 10 mg dose of buspirone was less marked 
than with the same dose of diazepam (Boulenger et al.
1989). In a placebo-controlled study in patients with
generalized anxiety disorder (GAD), buspirone 10–
20 mg/day given for 3 weeks produced no sedation
when compared with baseline assessment or placebo
response neither during treatment nor after sudden
discontinuation (De Roeck et al. 1989). Interestingly,
in one study buspirone was reported to be in fact
slightly stimulatory when compared to placebo in
patients with insomnia (Manfredi et al. 1991).

Several psychomotor and cognitive studies with
healthy subjects demonstrated that buspirone did not
have the same impairing psychomotor effects as the
benzodiazepines. Performance ability was evaluated
by various measures such as the digit symbol substitu-
tion test, signal identification tasks, finger-tapping, peg
board, and reaction time. Comparing single or mul-
tiple doses of buspirone with several benzodiazepines
and placebo, no significant differences in perform-
ance ability was found in healthy volunteers between
buspirone and placebo; however, significantly more
impairment was observed with the benzodiazepines
(Boulenger et al. 1989; Schaffler & Klausnitzer 1989;
Greenblatt et al. 1994).

Driving skills, using a driving simulator (Moskowitz
& Smiley 1982) did not show significant buspirone-
placebo differences. Driving-related skills were assessed
between buspirone 20 mg/day and diazepam 15 mg/
day given for 4 weeks in 24 outpatients with GAD (van
Laar et al. 1992), again demonstrating the lack of
sedation and of driving impairment when compared 
to diazepam.

In tests of memory function, assessed as immediate
and delayed recall, buspirone appears to have minimal
effects when compared to the benzodiazepines. Bus-
pirone given in 5–30 mg single doses to young healthy
subjects had no effect on immediate or delayed recall
(Schaffler & Klausnitzer 1989). In anxious subjects,
Lucki et al. (1987) confirmed that the benzodiaze-
pine, diazepam, but not buspirone caused significant
impairment of delayed recall when compared to
placebo (Fig. 20.1). When elderly patients were tested
for the same measures, buspirone in 20 mg single-dose
or multiple-doses (15 mg/day) also had significantly

Buspirone is 100% absorbed after oral administration
(Jajoo et al. 1989). The oral bioavailability is approx-
imately 5% after extensive first-pass metabolism, and
a linear relationship between acute oral dose and area
under the plasma concentration-time curve (AUC) was
demonstrated. A mean maximum plasma concentra-
tion (C max) of 1.7 µg/L was reported after a single 
20 mg dose; however, there was considerable inter-
individual variation (Gammans et al. 1985). Buspirone
and food taken together approximately doubled the
AUC of unchanged buspirone compared with values
obtained fasting. The first-pass metabolism of bus-
pirone (Mayol et al. 1983) is decreased by taking food
with buspirone but the clinical significance of these
findings is not known. Buspirone is >95% bound to
plasma proteins, with about 70% of the bound frac-
tion binding to albumin and 30% to α1-acid glycopro-
tein (Gammans et al. 1986).

Buspirone undergoes extensive metabolism so that
less than 1% of an administered dose is excreted
unchanged in the urine. There are seven major and five
minor metabolites that have been identified, and the
major metabolic pathways are hydroxylation and
dealkylation. The N-dealkylated metabolite 1-PP also
appears to have weak anxiolytic activity (approxim-
ately 20% of the level of activity of buspirone) in 
animal studies. The elimination half-life (t 1/2) of bus-
pirone in healthy subjects ranges from 2 to 11 h.

Compared to patients with normal hepatic function,
in patients with cirrhosis the mean values for AUC, 
C max, and t 1/2 of buspirone were significantly greater
(Dalhoff et al. 1987; Barbhaiya et al. 1994). In patients
with marked renal impairment, decreased clearance
(up to 50%) and increased C max and AUC values
(Barbhaiya et al. 1994) have been reported for 
buspirone and its metabolite 1-PP. However, the phar-
macokinetic values of buspirone were unchanged 
in patients with only acute mild to moderate renal
impairment (Caccia et al. 1988). In elderly healthy
subjects (aged >65) compared with young healthy sub-
jects, no significant differences in the pharmacokinetic
values of buspirone or 1-PP were found (Gammans 
et al. 1989).

Sedation and psychomotor function

Buspirone has a low potential for sedation. When 
single or multiple doses of 5 mg buspirone were given,
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less effect on memory function as compared to the ben-
zodiazepine alprazolam (Hart et al. 1991).

Abuse potential and dependence
liability

The data that are available on buspirone show that 
it has little potential for abuse or dependence (Troisi 
et al. 1993). For example, in individuals with a history
of drug abuse (Sellers et al. 1992), buspirone and lor-
azepam were compared on whether or not they liked
their medication. Buspirone (15, 30, 60 and 120 mg/
70 kg) was rated by subjects as significantly “less liked”
than lorazepam (1, 2, 4 and 8 mg/70 kg). In fact, bus-
pirone produced a dose-dependent increase in subjects
“disliking” the drug whereas lorazepam produced a
dose-dependent increase in drug “liking.”

Compared to the benzodiazepines, no discontinu-
ation (withdrawal) symptoms were ever demon-
strated for buspirone. Rickels et al. (1988) were the
first group to search for possible evidence of physical
dependence by treating chronically anxious patients
for 6 months with either buspirone or the benzodi-
azepine, clorazepate, substituting drug with placebo
abruptly at the end of the treatment and maintaining
patients on placebo for 4 weeks. Significantly more
withdrawal symptoms were produced by the long 
half-life benzodiazepine clorazepate than by buspirone
(Fig. 20.2).
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Fig. 20.1 The effect of antianxiety drugs on percentage
memory decrement, expressed as the percentage of words 
that were remembered immediately after the list was read
that could no longer be recalled after the 20 min delay. 
(*) indicates that diazepam (n) increased the memory
decrement when compared with the corresponding value at
baseline ( ) (P < 0.01). (Taken from Lucki et al., 1987, with
permission.)

Fig. 20.2 Mean symptoms scores
before and during withdrawal on the
Physician Checklist of Withdrawal
Symptoms (N = 61). *Indicates
significant differences between 
both clorazepate dipotassium and
buspirone hydrocloride groups. 
BU, buspirone; CL, clorazepate.
(Taken from Rickels et al., 1998, 
with permission.)



aged ≥65 years and patients <65 years, with the excep-
tion of a slightly higher incidence of dizziness in elderly
patients (7.8% vs. 6.2%) (Robinson et al. 1988).

A multicenter, unblinded trial was conducted to test
the tolerability of buspirone, prescribed in the daily
dosage of 15–30 mg/day during chronic use. Of 852
patients enrolled, 424 patients received buspirone for
6 months and 264 for 12 months (Rakel 1990). Over
the total study period only 12% of patients ended 
therapy because of adverse events. It was of particular
interest that the frequency of adverse events was the
same after 1 month and after 12 months of treatment.
No withdrawal syndrome occurred when treatment
was abruptly discontinued.

Sexual dysfunction was studied in noncomparative
trials in a large number of patients. It appears that not
only does buspirone not cause any sexual dysfunction
but it may improve sexual dysfunction caused by per-
sistent anxiety (Othmer & Othmer 1987). Buspirone
also has been reported to reverse sexual dysfunction
caused by SSRIs (Norden 1994).

Toxicity and adverse events

Newton et al. (1986), using data from 17 clinical trials,
reported on frequency of adverse events for buspirone
(N = 477) and placebo (N = 464). The most commonly
reported adverse events were dizziness (12%), drowsi-
ness (10%), nausea (8%), headache (6%), nervousness
(5%), fatigue (4%), insomnia (3%), lightheadedness
(3%), dry mouth (3%), and excitement (2%). However,
patients receiving placebo also reported drowsiness,
insomnia, fatigue and dry mouth at similar frequency.

The relative frequencies of adverse effects asso-
ciated with buspirone and diazepam are illustrated in
Fig. 20.3. While diazepam caused significantly more
drowsiness, fatigue, weakness, and depression than
buspirone, buspirone produced significantly more
nausea and nervousness.

The ability of patients to tolerate buspirone appears
to depend little on their age. A meta-analysis of over
6000 patients demonstrated that no difference existed in
the incidence of adverse events reported between patients
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Fig. 20.3 Comparative incidence of
adverse effects of buspirone (N = 984)
(n) and diazepam (N = 427) 
( ) from clinical trials **P < 0.01, 
***P < 0.001. (Taken from Fulton 
& Brogden 1997, with permission.)
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There is very little published data on buspirone
overdose, and the data that are available suggest that
buspirone is not toxic in overdose (Langlois &
Paquette 1994). In clinical pharmacology trials, dosages
of up to 375 mg/day were used in healthy subjects. 
As subjects were titrated up to this high daily dose, 
the following symptoms were observed: nausea, vom-
iting, gastric distress, drowsiness, miosis, and dizziness
(Newton et al. 1986). In another study, 25 cases of
buspirone overdose were studied. Out of these 25 cases,
10 subjects had taken only buspirone. Drowsiness was
the most commonly reported symptom. Forty-eight
percent of patients had no symptoms, 40% had minor
symptoms, 8% had moderate symptoms and one
patient died. The patient who died was on a tricyclic
antidepressant which was the most likely cause of
death. Taken by itself no deaths have been associated
with an overdose of buspirone alone (Newton et al.
1986).

Interactions between buspirone and tricyclic anti-
depressants have not been reported. For example, the
addition of 30 mg/day of buspirone in 18 patients tak-
ing imipramine 75–150 mg/day (Pollicino et al. 1992)
for treatment of depression, had no significant effect
on steady-state plasma concentrations of imipramine
or its active metabolite desipramine. In another study,
184 patients on 15 mg of buspirone, and an antide-
pressant, retrospectively compared to a matched group
receiving buspirone alone, reported identical adverse
events frequencies (25.7% vs. 26.1%: Napoliello 1986).
Nevertheless, when combining serotonergic medica-
tions one must look out for the possibility of the 
development of a serotonergic syndrome.

No interactions were observed in healthy subjects
when buspirone was combined with triazolam
(Boulenger et al. 1993) or alprazolam (Buch et al.
1999). Alcohol being added to single or multiple 
dose administration of buspirone also had little effect
on performance tasks (Erwin et al. 1986), and in
schizophrenic patients who were taking haloperidol,
concomitant treatment with buspirone did not alter
haloperidol steady-state plasma concentrations (Jann
et al. 1996). The addition of grapefruit juice (Lilja et al.
1998), diltiazem and verapamil (Lamberg et al. 1998)
significantly increased buspirone plasma concentra-
tions, probably via inhibition of the cytochrome P-
450, 3A4 isoenzyme.

Other clinical reports demonstrated the safety of
combining buspirone with cimetidine (Gammans et al.

1987), bronchodilators (mostly theophylline and ter-
butaline: Kiev & Domantay 1988), and nonsteroidal
anti-inflammatory agents (Kiev & Domantay 1989).

While benzodiazepines can be problematic in their
use in respiratory diseases because of their propensity
to cause respiratory depression, buspirone does not
cause respiratory depression (Craven & Sutherland
1991). For example, in healthy subjects, 10 mg diazepam
depressed the ventilatory response to CO2 rebreathing,
whereas buspirone did not. Buspirone also produced
less depression of load compensation than diazepam.
Two placebo-controlled trials conducted in patients
with chronic obstructive pulmonary disease indicated
no negative effect on respiratory drive when taking
buspirone 20–60 mg/day (Rapaport et al. 1991;
Argyropoulou et al. 1993). In one study (Rapaport 
et al. 1991), an improvement in exercise tolerance was
shown by buspirone, and a reduction in the sensation
of dyspnea was shown by both studies. While a few
single dose studies in healthy volunteers reported an
increase of plasma prolactin (Gregory et al. 1990;
Anderson & Cowen 1992) with buspirone, Tollefson
et al. (1989), prescribing buspirone 10–30 mg/day for
4 weeks to patients with GAD, found no significant
effect of buspirone on plasma prolactin or growth 
hormone levels.

Therapeutic efficacy in GAD

GAD is often a chronic condition which interferes with
the daily functioning of patients. It has a waxing and
waning course interspersed with long intervals where
the patient is relatively free of anxiety. Anxiety has been
treated with various psychotherapeutic approaches
and medications. The acute phase of anxiety in chronic-
ally anxious patients is clearly managed best by anxi-
olytic medications like the benzodiazepines. However,
it is very difficult for most of the chronically anxious
patients to sustain remission of their anxiety symptoms.
Less than 50% of chronically anxious patients will
have sustained remission of symptoms after stopping
acute medication treatment (Rickels & Schweizer
1990). Some percentage of chronically anxious patients
may need to be treated for years. Benzodiazepines have
been used for a long time for the treatment of anxiety;
however, they are sedating and with prolonged use 
do cause physical dependence. Consequently, research
for nonbenzodiazepine anxiolytics has been actively
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several benzodiazepines and demonstrated equal efficacy
for both treatments (Goldberg & Finnerty 1982;
Wheatley 1982; Cohn et al. 1986a; Cohn & Rickels
1989; Feighner & Cohen 1989; Murphy et al. 1989;
Strand et al. 1990; Dimitriou et al. 1992; Sacchetti 
et al. 1994). One of the most salient clinical features 
of buspirone, compared with the benzodiazepines, is
its gradual, relatively slow onset of action, with many
patients taking 2–4 weeks to respond (Rickels et al.
1988; Pecknold et al. 1989; Enkelmann 1991: see also
Fig. 20.4). This slow onset of action makes buspirone
less useful for the treatment of transient, situational, 
or acute anxiety. A similar gradual onset of action has
been reported for the treatment of anxiety symptoms
with antidepressants (Rickels et al. 1993). Buspirone’s
slow onset of action appears to be derived from its lack
of sedative and muscle relaxing properties, as well as its
lack of action at the GABA receptor complex. Psychic
symptoms of anxiety, which are diagnostically consid-
ered core features of GAD in the Diagnostic Statistical
Manual, fourth edition (DSM-IV: American Psychi-
atric Association 1994), respond faster to buspirone
when compared to the benzodiazepines while the
reverse is true for somatic symptoms (Rickels et al.
1982). Similar observations were made for antide-
pressants (Rickels et al. 1993; Davidson et al. 1999).

Because of the more gradual onset of efficacy as
compared to benzodiazepine-treated patients, patients
considered for buspirone therapy should be prepared
differently for such therapy than patients being placed
on a benzodiazepine. Patients should be informed that
buspirone is less sedating and has a more gradual onset

pursued by the pharmaceutical industry which eventu-
ally produced the anxiolytic buspirone.

In the past 20 years a number of double-blind studies,
some of them placebo-controlled, others only active
drug controlled, have been conducted and proven bus-
pirone’s efficacy in the alleviation of anxious symp-
toms in patients suffering from GAD. Most of these
were placebo lead in, randomized, double-blind studies
designed to minimize any placebo effect. The primary
measure of efficacy was the Hamilton Anxiety Rating
Scale (HAM-A) (Hamilton 1959). Patients were gener-
ally required to have a HAM-A score of at least 18
when admitted to the trial.

After treatment periods of 4–6 weeks, buspirone
produced similar reduction in total HAM-A scores 
as compared to such benzodiazepines as alprazolam,
bromazepam, clobazam, diazepam, lorazepam, oxaze-
pam, and clorazepate. In studies including placebo
control, buspirone-treated patients usually had statist-
ically significantly greater reduction in HAM-A total
scores at end-point than those receiving placebo.
Results reported by Enkelmann (1991) are given in
Fig. 20.4 as being representative of results obtained 
in most studies.

All published placebo controlled, double-blind trials
that also included a benzodiazepine showed equal
efficacy to a standard benzodiazepine and significantly
better response than placebo (Goldberg & Finnerty
1979; Rickels et al. 1982; Pecknold et al. 1989; Bohm
et al. 1990a; Enkelmann 1991; Laakman et al. 1998;
Lader & Scotto 1998). Additional nonplacebo con-
trolled, double-blind studies compared buspirone against
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of action than the benzodiazepines. Patients should 
be encouraged to give buspirone more time to work.
Patients can be further assured that if they are in need
of prolonged therapy, buspirone does not cause phys-
ical dependence and withdrawal symptoms upon dis-
continuation, and thus represents a safer drug than 
the benzodiazepines for long-term treatment. Finally,
patients can be informed that there is preliminary 
evidence that long-term treatment with buspirone, in
contrast to long-term treatment with benzodiazepines
does not decrease the ability to learn new coping skills.
Preliminary data to support such assumptions have
been provided by Rickels and Schweizer who con-
ducted follow-up evaluations after patients completed
a 6-month maintenance trial with buspirone and 
clorazepate (Rickels & Schweizer 1990). At 6-month
follow-up (N = 45), it was observed that of 34% of
patients treated with clorazepate, but only 13% of
those treated with buspirone, had returned to regular
antianxiety drug use (benzodiazepines); in addition,
several clorazepate treated patients were using a ben-
zodiazepine on an as-needed basis. At 40-month 
follow-up (N = 34), it was observed that none of the
available patients formerly treated with buspirone
were taking either regular or as-needed anxiolytic
medication, whereas of those patients treated with 
clorazepate, 30% were taking a benzodiazepine regu-
larly and 25% on an as-needed basis. Thus, >50% of
patients treated for 6 months with clorazepate, and
none of the patients treated for 6 months with bus-
pirone were still receiving medication at the 40-month
follow-up (Rickels & Schweizer 1990). Scheibe (1996)
reported a similar observation.

Schweizer et al. (1986) were the first authors to
observe that prior benzodiazepine use affected treat-
ment outcome in that patients treated with buspirone
who had received prior benzodiazepines responded
less well than those previously untreated with a benzo-
diazepine. At that time the authors speculated that this
effect may have been related to the treatment expecta-
tions of patients based on earlier experience with benzo-
diazepines, which may prejudice clinical outcome.
Particularly, benzodiazepine-treated patients may have
expected sedation and/or euphoria, side-effects they
hardly experienced with buspirone. More recently,
DeMartinis et al. (2000) reviewed a large data set and
examined the response to buspirone treatment as a
function of patients who were never treated with ben-

zodiazepines, were remotely treated (>1 month ago), or
were recently treated with benzodiazepines (<1 month
ago). Results clearly indicated that treatment response
to buspirone in patients who had recently terminated
benzodiazepine treatment was significantly impaired
when compared to patients who had either never been
treated or had been treated several months ago with a
benzodiazepine (Fig. 20.5). Therefore, the recommenda-
tion is made that initiation of buspirone therapy in
such patients should be undertaken cautiously and be
combined with appropriate patient education.

Elderly patients

Buspirone also has demonstrated anxiolytic effective-
ness and safety in the elderly. The advantages of using
buspirone in the elderly is that it is nonsedating, spares
cognitive and memory functions. In addition it does
not produce respiratory depression, impair psycho-
motor performance, nor potentiate the effects of 
alcohol or other central nervous system (CNS) depres-
sants. There is also the apparent absence of new or
unexpected adverse reactions when buspirone is added
to the existing treatment regimen, which may include
gastrointestinal, cardiac, and antihypertensive agents
(Goldberg 1994).

Buspirone has been assessed for its efficacy in geriatric
patients with anxiety in a number of trials (Robinson
et al. 1988; Bohm et al. 1990b; Ritchie & Cox 1993). 
In a meta-analyses of 6574 patients who were treated
with at least 15 mg of buspirone daily, 605 patients
were at least 65 years of age. The total HAM-A scores
were decreased by 54% in elderly and 65% in the
younger patients after 4-weeks of treatment (Robinson
et al. 1988). In another multicenter, noncomparative
trial, 175 anxious patients aged 65 years or older were
treated with buspirone 15–45 mg daily for 6 weeks
(Ritchie & Cox 1993). The mean reduction in total
HAM-A scores was 61% after treatment and 81% of
patients had marked or moderate improvement on 
the Clinical Global Impressions (CGI) Scale. Finally,
Boehm et al. (1990) reported results of a double-blind,
placebo-controlled trial of buspirone in 20 anxious
patients over 65 years old. After 4 weeks of random
assignment to buspirone 5–30 mg/day or placebo, 
buspirone-treated patients showed a statistically sig-
nificant decrease in HAM-A and CGI on scores com-
pared with placebo. The medication was well tolerated.
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some beneficial results when buspirone was started
several weeks before the benzodiazepine taper process
was started (Udelman & Udelman 1990; Chiaie et al.
1995; Rickels et al. 2000).

Dosage and administration

The recommended initial dosage of buspirone is 15 mg/
day administered in 2–3 divided doses. The dosage
should be increased to 30 mg daily (5–10 mg/day incre-
ments at intervals of 3 days) to achieve the optimal
therapeutic response. The recommended maximum
daily dosage is 45 mg in the UK and 60 mg in the US.

There are no firm recommendations regarding
dosage adjustments in patients with hepatic or renal
insufficiency. Although there appears to be some
reduction in the elimination of buspirone or the active
N-dealkylated metabolite (1-PP) in such patients,
interpatient variation in pharmacokinetic parameters
is substantial. Dosage adjustments may be necessary 
in patients with severe renal or hepatic impairment.
No age-related dosage adjustments are necessary in
elderly patients.

Children

Only two open studies report on the use of buspirone
in children, one in young children at a daily dose of
5–15 mg (Kutcher et al. 1992), and one in adole-
scents at a daily dose of 15–30 mg (Simeon et al.
1994). Some beneficial effects were noticed by 6 weeks
of treatment.

Replacement of benzodiazepines by buspirone

Since buspirone does not exhibit cross-tolerance to 
the benzodiazepines, and thus does not block ben-
zodiazepine withdrawal symptoms, patients should
never be abruptly switched from a benzodiazepine to 
a buspirone. When switching benzodiazepine-treated
patients to buspirone, it is beneficial to initiate bus-
pirone therapy concurrently for 2–4 weeks before
tapering the benzodiazepine gradually. While some
studies, in which the benzodiazepine was abruptly
replaced with buspirone, have shown no benefit for
buspirone facilitating benzodiazepine withdrawal
(Schweizer & Rickels 1986), other studies have shown
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Therapeutic efficacy for unapproved
indications

Mixed anxiety-depression

It was observed that patients with GAD with subsyn-
dromal depressive symptoms reported improvement 
in their depressive symptoms during treatment with
buspirone (Feighner et al. 1982). This sparked an interest
in buspirone as an antidepressant as there is a high
(about 25–35%) reported comorbidity for major
depression and GAD (Brown & Barlow 1992). This
has led some researchers (Tyrer et al. 1992) to suggest
that the two disorders might be seen as different mani-
festations of one underlying diathesis. Genetic analyses
done on women having major depression and GAD
(Kendler et al. 1992) suggest that the genetic vulner-
ability for both disorders is largely shared. Thus, it was
no surprise when the first open-label study (Schweizer
et al. 1986) carried out in depression found buspirone
to have antidepressant properties.

Since then, several large placebo-controlled studies
have demonstrated the antidepressant efficacy of bus-
pirone in patients who also exhibited symptoms of
anxiety. In one study with 155 outpatients with major
depression and at least moderate amounts of anxiety
(with HAM-A scores ≥15), 70% of patients reported
moderate to marked improvement on buspirone, com-
pared with 35% on placebo (Rickels et al. 1991). The
mean daily dose of buspirone in this study was 56 mg.
Two other double-blind studies, one involving 140
outpatients with major depression and concomitant
anxiety (scores ≥18 on both the Hamilton Anxiety and
Depression scales: Fabre 1990), and the other invol-
ving 80 outpatients with GAD and secondary symptoms
of depression (Sramek et al. 1996), confirmed the
findings by Rickels et al. (1991).

In a trial by Schweizer et al. (1998) 177 geriatric out-
patients, with a minimum age of 65 years and suffering
from major depression, were treated under double-blind
conditions with buspirone, imipramine, or placebo.
Compared with placebo, there was a statistically sign-
ificant (and comparable) antidepressant effect observed
for both buspirone (mean daily dose = 38 mg) and imi-
pramine (mean daily dose = 89 mg). Global moderate/
marked improvement was observed in 80% of buspirone,
86% of impramine, but only 49% of placebo patients.

When buspirone was added to fluoxetine, paroxetine,
citalopram or fluvoxamine in small noncomparative

studies of depressed patients not or only partially
responding to SSRI antidepressants, additional improve-
ments beyond that produced by the antidepressants
were seen (Dimitriou & Dimitriou 1998; Landen et al.
1998; Gonul et al. 1999). In summary, evidence is
accumulating that buspirone is useful as an augmenta-
tion agent in the treatment of treatment-resistant pati-
ents with major depression, but also as a single agent in
the treatment of depressed patients with significant
symptoms of anxiety.

Panic disorder

Since buspirone has been found efficacious for treat-
ing GAD, it was also studied in panic disorder (PD).
Two double-blind, placebo-controlled trials have been
performed (Pohl et al. 1989; Sheehan et al. 1993).
Buspirone appears to have no efficacy compared with
placebo and it is significantly less efficacious than both
alprazolam and imipramine. This is not surprising
since in preclinical trials it has been seen that bus-
pirone increases the firing rate in the locus ceruleus
(Eison & Temple 1986) and PD is associated with
noradrenergic hyperactivity (Charney & Heninger
1985). In light of this information buspirone should
not be prescribed for the treatment of PD.
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compulsive disorder (OCD) has been assessed with
only one small double-blind, placebo-controlled, cross-
over study. Eighteen patients were treated by Pato 
et al. (1991) with both 6 weeks of clomipramine (mean
dose = 225 mg) and 6 weeks of buspirone (mean dose =
60 mg), interrupted by 3–4 weeks on placebo. Improve-
ment achieved with buspirone was comparable to that
with clomipramine, with 56% of patients reporting
more than a 20% improvement in the Yale-Brown
Obsessive Compulsive Scale (Y-BOCS), and 78%
reporting more than 20% improvement on the National
Institute of Mental Health OCD scale. The efficacy
and safety of buspirone when used to augment SSRIs
for the treatment of OCD has been examined in several
small sample-size studies. These studies were reviewed
by Schweizer and Rickels (1994). For example, Jenike
et al. (1991) studied 20 treatment-resistant patients.
All patients received 80 mg/day of fluoxetine for 
12 weeks. About 10 of the 20 patients received adjunct-
ive treatment with 45–60 mg/day of buspirone for 
8 weeks and 10 patients remained for all 20 weeks on
fluoxetine. Augmentation with buspirone showed a
significant improvement in the Y-BOCS with a mean
five point between-group difference score. Since these
initial results are promising, especially when used as
augmentation, further studies are indicated.

Premenstrual syndrome

The fact that premenstrual syndrome (PMS) patients
have prominent mixed symptoms of anxiety, depres-
sion, and irritability makes buspirone a potentially
promising treatment for PMS. There is preliminary
evidence that the alteration in 5-HT1A receptor func-
tions in the late lutel phase may contribute to the
pathogenesis of PMS. Some preliminary evidence 
has been provided by two placebo-controlled, small
sample-size studies for the efficacy of buspirone in treat-
ing the symptoms of PMS. The first study (Rickels et al.
1989) showed modest efficacy. This may have been
due to the fact that the treatment with buspirone was
not continuous, but was intermittent, and was limited
to the last 2 weeks of the menstrual cycle. Brown et al.
(1990) used daily doses of buspirone in the range of
30–60 mg throughout the cycle, with modest results.
Considering this evidence, buspirone might be of inter-
est as an alternative in the treatment of PMS since it is
well-tolerated and does not cause either sedation or
physical dependence.

Post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) as a diagnosis
has been increasingly recognized. Currently, promis-
ing treatment results have come from the SSRI anti-
depressants. In animals, 5-HT1A medications have
shown benefit in reducing the behavioral effects of
inescapable shock, which may serve as an experimen-
tal model for PTSD (De Montigny & Blier 1992). The
use of buspirone to treat PTSD has been reported only
in open-label case reports and case series. The cases
reported include patients with highly chronic combat-
related PTSD, sometimes complicated by a history of
alcoholism, and civilian PTSD of more recent origin.
The doses used were in the range of 30–60 mg/day,
with time to response ranging from approximately
1–4 weeks. The results suggest that daily doses of
30–60 mg may have some benefit, not only for associ-
ated depressive and anxious symptomatology, but also
for the core symptoms of flashbacks, nightmares, and
intrusive thoughts (Duffy & Molloy 1994). The small
number of cases reported, the lack of formal diagnostic
evaluations and outcome measures, and the frequent
use of concomitant psychotherapy suggest that the
reported results be interpreted with caution. A con-
trolled trial may be worthwhile undertaking.

Social phobia

Social phobia has recently received increased clinical
attention. It is a common disorder, with a lifetime
prevalence estimated at 2%. Only several open-label
studies have been reported on (Schweizer & Rickels
1994). For example, in one pilot study of 21 patients
(Munjack et al. 1991) the mean daily buspirone dose
for responders was 57 mg compared with a dose of 
38 mg for nonresponders. This suggests the effective
dose in social phobia of buspirone may be more in the
range for that used to treat depression (Rickels et al.
1991). More recently, a double-blind, placebo con-
trolled trial conducted with a small number of patients
(N = 30) could not confirm buspirone’s efficacy in this
disorder (Vliet et al. 1997). The small sample size may
explain these negative findings. A controlled clinical
trial would be of clinical interest.

Obsessive-compulsive disorder

Buspirone’s efficacy as a primary treatment for obsessive-
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Smoking cessation

A few studies have looked at the effects of treatment
with buspirone on the withdrawal symptoms associ-
ated with smoking cessation. A randomized, placebo-
controlled, double-blind study by West et al. (1991)
used a low daily dose of 15 mg of buspirone in 61
smokers. In this study there was no difference in the
severity of withdrawal, but 47% of patients (vs. 16%
for placebo), were able to remain abstinent for the 
4-week follow-up period. Buspirone was found by
Hilleman et al. (1992) to significantly decrease irrit-
ability, craving, restlessness, and sad mood when 
compared with double-blind placebo. The very short
7-day follow-up period showed buspirone to increase
the rate at which subjects were able to stay successfully
abstinent. In a third double-blind study (Cinciripini 
et al. 1995), which enrolled 101 smokers receiving
buspirone ≤60 mg daily or placebo in addition to a
smoking cessation program, it was shown that bus-
pirone’s efficacy was only apparent in smokers who
also had a high level of initial anxiety.

Alcohol and substance dependence

The medication treatment of drug dependence has
been the subject of extensive research. There are three
reasons for this approach: to decrease psychiatric com-
orbidity (e.g., anxiety and depression) that commonly
occurs in persons with drug dependence, to decrease
withdrawal syndromes that occur when the drug of
abuse is stopped, and to reduce craving for the drug 
of abuse that occurs after successful withdrawal 
symptoms are over (Kushner et al. 1990). Buspirone
has no abuse potential and it has a minimal additive
effect on psychomotor and cognitive function when
coadministered with alcohol (Mattila et al. 1982). This
makes it a promising alternative to the benzodiaze-
pines in the pharmacologic management of depend-
ence and withdrawal. It has been suggested that anxiety
and alcoholism may share a common pathophysio-
logical abnormality that is mediated via serotonergic
neurotransmission.

Buspirone has been assessed in a few double-blind,
placebo-controlled trials, most of which involved anxi-
ous outpatients with coexisting alcohol-use disorders.
In most of these studies (Tollefson et al. 1992; Kranzler
et al. 1994) it was seen that patients who were on bus-
pirone were significantly more likely to continue with

treatment than patients who were on placebo. Anxiety
and alcohol consumption were decreased in these trials
after treatment with buspirone. Malcolm et al. (1992)
found no beneficial effect of buspirone over placebo in
anxious inpatient alcoholics.

Agitation and aggressive behavior

Buspirone has been studied for its potential in the
treatment of agitation in a few small trials. For 
example, in 26 patients with Alzheimer’s disease, a
double-blind trial compared haloperidol to buspirone
(Cantillon et al. 1996). Buspirone reduced tension
(rated on objective physical signs and motor behavior)
and anxiety scores to a significantly greater extent.
Patients with organic disorders, including patients with
dementia and traumatic brain injury, also frequently
display aggressive, irritable and hostile behaviors,
which can be difficult to treat and manage effectively.
Several open-label case reports have found buspirone,
in the daily dosage range of 15–45 mg per day, to be
modestly effective in reducing hostile, aggressive, 
and irritable behavior, as well as restlessness and agita-
tion (Gualtieri 1991; Ratey et al. 1992). Buspirone has
also been found to be effective against aggressive
behaviors in mentally retarded and autistic patients, 
in whom the self-injurious behaviors are also reduced
(Realmuto et al. 1989). In addition, in an open-label
study with 15–60 mg daily of buspirone, it was 
found that 11 male patients with a history of cor-
onary artery disease and Type A personalities had
reduced anxiety, impatience, irritability, and per-
ceived levels of stress (Littman et al. 1993). Given the
well-established link between serotonergic function
and aggression, the role of buspirone in organically
based aggression and agitation deserves further clin-
ical research.

Children with pervasive developmental disorders

Many children with pervasive developmental disor-
ders (PDD) have particular characteristics of increased
anxiety and dysregulation of affect (Cohen et al.
1986). When symptoms are troublesome or disruptive
(i.e., hyperactivity, aggression, impulsivity, anxiety,
irritability, temper tantrums, and stereotyped or 
self-injurious behaviors) medications are frequently
prescribed (Buitelaar et al. 1995). In children with
PDD, the following symptoms are also frequently 
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improved in the one subject who resumed treatment.
Side-effects were minimal and well-tolerated in all but
one subject. These data, while preliminary, suggest
that buspirone augmentation of SSRIs may be useful
for BDD and warrant further investigation in a con-
trolled trial.

Migraine headaches

In an open-label, 10-week study (Pascual & Berciano
1991), 33 migraine headache patients used daily 
doses of 15–20 mg of buspirone. Seventy-six per-
cent of patients reported moderate to marked
improvement on buspirone. Since no placebo con-
trolled studies are available, these data are hard to
interpret.

Tardive dyskinesia

In a 12-week, open-label study with independent,
blinded assessment, buspirone in doses up to 180 mg/
day was found to yield moderate improvements in 
the symptoms of tardive dyskinesia in eight pati-
ents (Moss et al. 1993). This confirms previous case
reports (Neppe 1989). It should be noted that all 
but one of these patients were on concomitant neuro-
leptics, and it is possible that such high doses of 
buspirone may have increased neuroleptic plasma 
level (Goff et al. 1991). Again, controlled studies are
indicated.

Conclusion

Buspirone, the first nonbenzodiazepine anxiolytic
introduced into psychiatry, is a safe anxiolytic com-
pound with relatively few side-effects. It causes little
sedation and consequently has no negative effects 
on psychomotor and cognitive functions, including
memory and driving skills. It is well tolerated and safe
in overdose. Patients do not suffer discontinuation 
or withdrawal symptoms when buspirone is abruptly
stopped, even after many months of treatment. Reas-
sessment of continued need for buspirone therapy is
therefore simple without the risk of rebound anxiety, 
a phenomenon that makes temporary discontinu-
ation of benzodiazepines frequently a challenge. Since
buspirone does not interact with alcohol, it is a safer
alternative to the benzodiazepines for those anxious

seen: intense generalized anxiety, extreme phobias
(e.g., fear of annihilation or fear of bodily disintegra-
tion), recurrent panic episodes, and inappropriate
affect.

Neuroleptics, such as haloperidol and pimozide, have
been shown to improve hyperactivity, aggression, and
stereotypes in children with autism (Campbell et al.
1978) and pervasive developmental disorders, not 
otherwise specified (PDD-NOS) (Joshi et al. 1988). 
In children with PDD, the use of neuroleptics on a
long-term basis is limited due to the side-effects of
drug-related dyskinesias, excessive sedation, impaired
cognition and fatigue. In addition, neuroleptic drugs
have not been found to be very effective in these chil-
dren (Campbell et al. 1988).

Buitelaar et al. (1998) evaluated the efficacy and
safety of buspirone in the management of anxiety and
irritability in children with PDD. The twenty-two sub-
jects, 6–17 years old, included DSM-III-R (American
Psychiatric Association 1987) diagnosed PDD-NOS
(N = 20) and autistic disorder (N = 2) subjects. Bus-
pirone was used to treat these subjects in dosages rang-
ing from 15 to 45 mg/day in an open-label trial lasting
6–8 weeks. Those who responded continued treat-
ment with buspirone and were followed for up to 12
months. Marked therapeutic response was seen in nine
subjects and a moderate response in seven subjects
after 6–8 weeks of treatment. Minimal side-effects
were reported and one patient developed abnormal
involuntary movements. It can be extrapolated from
these results that buspirone may be useful for treating
symptoms of anxiety and irritability in children with
PDD; however, double-blind placebo-controlled trials
are clearly needed.

Body dysmorphic disorder

Although preliminary data suggest that serotonin
reuptake inhibitors may be effective in treating body
dysmorphic disorder (BDD), a substantial percentage
of patients have no response or respond only partially
to SSRIs. The efficacy of buspirone augmentation of
SSRIs in BDD was therefore evaluated in an open
study (Phillips 1996). Thirteen patients with DSM-IV
BDD who had not responded, or had responded only
partially to an SSRI had buspirone added to the SSRI.
Six of these subjects (46%) improved. Three patients
who decreased or discontinued buspirone experienced
an increase in symptom severity. BDD symptoms again
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patients who request the ability to have occasional
alcohol intake.

Many controlled clinical trials have demonstrated
buspirone’s anxiolytic efficacy to be equal to that 
of the benzodiazepines and significantly better than 
that of placebo. The perception among some clinicians
that buspirone has slightly lower anxiolytic efficacy
than the benzodiazepines may well be related to its 
relatively slow onset of efficacy and its lack of sedative
effects, effects which might be particularly missed by
patients recently treated with a benzodiazepine. Con-
sequently, patients switched from a benzodiazepine 
to buspirone should be well prepared and informed
about what to expect from buspirone therapy and in
which way buspirone differs from the benzodi-
azepines. Some clinicians prefer buspirone to the 
benzodiazepines in the long term (more than 4 weeks)
treatment of anxious patients for two main reasons.
One reason is the lack of withdrawal symptoms to
occur on treatment discontinuation and the other its
moderate antidepressant properties that allow treat-
ment of the many anxious patients who also suffer
from depressive symptoms at a diagnostic subthresh-
hold level. Since buspirone does not have the fast onset
of action of the benzodiazepines, it is not indicated 
for the short-term (i.e., 1–14 days) treatment of situ-
ational or temporary anxiety conditions. However, it
should be considered one of the treatments of choice
for the more chronically anxious patients in need of
more than 4–6 weeks of treatment, many of whom 
are suffering from GAD.

As with any marketed medication, over the years
buspirone, approved for the treatment of generalized
anxiety, has been tried by clinicians for a variety of
unapproved indications, sometimes with success, but
more often with inconsistent or negative results. Fre-
quently, such uses are based primarily on uncontrolled
studies or case reports. Nevertheless, there exists some
evidence based on placebo-controlled trials, that bus-
pirone possesses moderate antidepressant properties
in depressed patients with secondary symptoms of
anxiety. In addition, buspirone seems to augment the
effects of antidepressants in those patients who either
did not or only partially responded to antidepressants
alone. A number of potential additional indications
for the use of buspirone are discussed, not to suggest
efficacy but to encourage physicians to explore the
potential usefulness of buspirone in patients who are
not responding to other treatments.
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Antihistamines in the Treatment of
Psychic and Somatic Anxiety States
M.M.M.P. Van Moffaert

elderly, an increased risk of falls with fractures as a
result of myorelaxant activity.

The use of antihistamines, hydroxyzine in particular,
may offer an alternative or an addition to the current
armamentarium for the treatment of anxiety. As the
antihistaminic and antipruritus effects of hydroxyzine
are an asset in dermatology, its efficacy has been invest-
igated in psychodermatological conditions such as
psychogenic pruritus and anxiety with dermatological
somatization.

Somatization of anxiety in general
liaison-psychiatry settings

Clinical experience shows that somatized anxiety is
frequently encountered in different fields of somatic
medicine, and that its clinical picture differs from that
routinely seen in general psychiatric practice. Cardio-
logists are faced with “cardiac neurosis.” Gastroentero-
logists have to deal with irritable bowel syndrome, which
is often a particular mixture of somatized anxiety and
depression. In dentistry preintervention anxiety is
common, specially in children. In dermatology many
aesthetically disabling diseases such as eczema, psori-
asis, alopecia, urticaria, and rosacea, engender anxiety,
often in the form of a social fear of being found ugly
and repugnant. In emergency medicine a prompt dif-
ferential diagnosis is often hard to make because of
anxiety-related clinical situations. A typical anxious
patient presents him or herself as a medical emergency
case with cardiac pain and dyspnea. In one single 
year more than 100 patients were admitted to the
Emergency Department of the University Hospital of
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Introduction

The global prevalence of anxiety disorder lies between
2% and 5% (Angst & Wicki 1992) and both generalized
anxiety and panic disorder are among the psychiatric
conditions that have to be dealt with most frequently
in general practice. Anxiety states are frequently found
to express themselves in somatization: general practi-
tioners as well as somatic specialists find that between
10% and 30% of their patients suffer from somatized
anxiety through unexplained somatic symptoms. Not
only masked depression but also anxiety may underlie
unexplained symptoms of a cardiac or gastrointestinal
nature (Van Moffaert & Jannes 1987).

The skin, however, as the most visible, expressive
and accessible organ, proves to be the target of choice
for somatization, which ranges from subjective symp-
toms such as pruritusaas a sign of tensionato self-
provoked lesions as a result of scratching and skin
pickingaas the psychomotoric and behavioral exteri-
orization of tension and anxious stress (Van Moffaert
1982).

Although this somatization of anxiety, particularly
in a dermatological context, has been extensively
researched in its clinical, neurobiological and psycho-
dynamic aspects, its treatment remains very much under
discussion. The choice of drug treatment of psychic
and somatic types of anxiety requires special atten-
tion, mainly because anxiety disorders tend to become
chronic, especially in women, and because some of the
most widely used anxiolytic drugs, benzodiazepines in
particular, have major drawbacks, including diminish-
ing effects in the long term, the possibility of dependence
and of memory impairment and, particularly in the
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(Wittkower & Lester 1960). Anxiety states may be con-
tributive, concomitant or secondary to a skin disorder.
They may be accompanied by skin arousal phenomena,
they may result in skin-damaging behavior, they can
trigger a relapse of a pre-existing dermatosis, while 
in turn dermatosis may cause anxiety (Van Moffaert
1992).

Anxiety states may be accompanied by an arousal of
physical perceptions and by psychophysiological signs
such as flushing, whitening of the skin, or pilo-erection.
The psychosomatic clinical picture is complicated by
the fact that because of their visibility, and hence their
negative impact on self-image, these dermatological
symptoms add to the detriment of the patient’s psycho-
logical well-being. The dermatological symptoms may
eventually lead to psychiatric comorbidity in the form
of social phobia or obsessive-compulsive behavior.

On the other hand, anxiety states contain a behavi-
oral component to the extent that they tend to increase
and intensify displacement activities, i.e., gestures that
mimic washing or grooming rituals and that are per-
formed by primates and humans in stressful situations.
The self-touching, scratching, even picking displacement
behavior naturally focuses on the skin and may lead 
to full-blown psychodermatological disorders. Thus
anxiety can result in excoriations and facial lesions
that are aggravated and perpetuated in a neurotic 
pattern that can further lead to depression and social
phobia (Van Moffaert 1982). Also psychic anxiety
that is accompanied by pruritus is sometimes relieved
by scratching (without itching as a trigger) as a kind of
displacement behavior (Fjellner et al. 1985).

Anxiety is both causative and reactive in general 
tension-provoking itch, a condition that leads to
scratching as a tension reducing habit (Van Moffaert
1989). Many skin disorders, acne and alopecia in par-
ticular, are complicated by social phobia. Dermatoses
of the genital area generally cause deterioration of the
patient’s sex life (Panconesi 1984). This connection is
often overlooked, and it is strongly recommended to
inquire explicitly about the patient’s sexual activity and
feelings of sexual (un)attractiveness (Koblenzer 1987).

Anxious patients tend to express their tensions in
obsessive-compulsive behavior such as nail biting
(onychophagy), hair pulling (trichotillomania, tri-
chophagy), or excoriations. The essential feature of 
trichotillomania is the recurrent pulling out of one’s
hair with noticeable hair loss as a result. Like nail-
biting, lip-biting and excoriations, trichotillomnia is a

Ghent, Belgium, with a demand for immediate medical
help, while in fact they suffered from an anxiety state
(Van Moffaert et al. 1988).

Anxiety is characterized by autonomic arousal symp-
toms and unexplained physical symptoms. A hypo-
chondriacal fixation on these autonomic concomitant
symptoms of anxiety often creates a vicious circle of
anxious and psychosomatic symptoms, thus creating
hybrid syndromes of anxio-depressive states, panic
disorder with reactive depression, or adjustment dis-
orders with anxiety and depressive mood (Widlocher
et al. 1983). In women there is a 2–4 times higher overall
prevalence of anxiety, phobia and panic than in men,
and anxiety may typically connect with the procreative
cycle of the female. Furthermore, premenstrual tension
syndrome, postnatal depression and climacteric depres-
sion are syndromes in which agitation and anxiety
coexist with a range of physical symptoms. Indeed, co-
morbidity and somatization are altogether more preval-
ent in women. (Van Moffaert 1987).

It is a fallacy to regard anxiety disorder as a mild con-
dition which may be left to its natural course. Recent
research has clearly indicated that anxiety has an un-
favorable prognosis with chronicity, comorbidity with
depression, as well as higher cardiovascular morbidity,
perhaps even mortality. Also a higher suicide risk has
been mentioned, as anxiety symptoms are found to
constitute a specific marker in the 2 weeks prior to a
suicide attempt (Van Moffaert 1987). Anxiety must
alert the physician to vigilance and an interventionist
approach. Not only the psychological compounds of
generalized anxiety must be dealt with, but its psycho-
somatic and psychomotoric components are often 
pivotal. Further empirical research is required into the
treatment of different subtypes of anxiety in liaison 
settings, e.g., concentration difficulties, insomnia,
fatigue, irritability and worry, hypervigilance, and
anticipatory anxiety.

Anxiety and psychodermatological
disorders

Both dermatologists and general practitioners should
be particularly aware of the interaction between 
anxiety and psychosomatic dermatological symptoms.
Indeed, anxiety and psychodermatological symptoms
are intricately intertwined, both on the emotional and
behavioral level and in a causative and a reactive way
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behavior that is in origin part of normal human self-
grooming but that in anxious patients may escalate to
an obsessive–compulsive syndrome. The patient with
trichotillomania selects an area of the scalp to be
pulled and ritualistically twists, then scrutinizes and
possibly even eats (trichophagy) the hair after it has
been extracted (Koo & Strauss 1987).

Anxiety has an even stronger negative impact on
pre-existing dermatological conditions. It is not only 
a causative factor in all kinds of somatization on the
skin, but it is also a major determinant in the onset and
the severity of many dermatological disorders. Eczema,
alopecia areata, psoriasis and urticaria are strongly
affected by the anxiety that accompanies both non-
specific stress factors and specific stressful life events
such as the threat of loss through separation. This 
anxious component can also trigger a relapse and
affect the duration of the disorder as well as the pati-
ent’s drug compliance. Although the primary cause of
atopic dermatitis (also known as neurodermatitis) is
clearly immunological, anxiety factors play a part in
precipitating and maintaining the lesions, and have 
a strong impact on the itch-scratch cycle. In infantile
eczema the role of anxiety factors is beyond question
(Beveridge 1974).

Attacks or relapses of alopecia areata may be induced
by anxiety factors, neurotic personality features and
psycho-immunological disturbances. Similarly, neuro-
endocrinological investigations suggest that patients
with psoriasis suffer not only from biological vulnerabil-
ity, but also from personality features that make them
perceive and interpret challenging situations as more
anxiogenic than normal. Furthermore, experimental
work has confirmed that patients with psychogenic
pruritus have distinctive character features that are
anxiety-related, such as “semipermeability of their
emotional balance” (that is extreme vulnerability to
social stress), an inability to manage aggressive tend-
encies, character armoring (resistance to other people’s
emotions), and exaggerated cleanliness. Also chronic
hyperhidrosis (excessive sweating) is generally accepted
to be related to anxiety and stress factors. Clinical
improvement in the condition has been achieved through
biofeedback therapies that reduce the symptoms and
the underlying anxiety associated with the condition
(Whitlock 1970).

An additional problem characteristic for skin condi-
tions is that they often lead to reactive psychological
problems and psychiatric disorders such as depression

and social anxiety, because the direct visibility of the
skin lesions can easily lead to undeserved professional
and social stigmatization. Dermatological patients tend
to experience a “leper complex,” as their appearance
inevitably lowers their self-esteem. In addition they
have to cope with the practical inconvenience caused by
the dermatosis and its treatment, which often includes
occlusive dressings and the need to wear a bath cap or
to apply smelly ointments.

Body dysmorphic disorder (BDD) is another anxiety-
related psychosomatic skin problem. It is the obsessive
fear of a major skin defect or of minor conditions such
as blemishes and red spots, or wrinkling and changing
of the skin with ageing (Hay 1990). The imagined 
or exaggerated defects, the perception of which lies 
on a continuum from over-valued ideas to outright
psychosis, become the focus of obsessive thought or
phobic avoidance. BDD on the skin can lead to urgent
requests for incisive dermatological treatment (laser
therapy or transplant) and/or cosmetic surgery.

Finally, the treatment of anxiety in a psychopharma-
cological context should always be part of an approach
that combines medical and psychobiobehavioral man-
agement. The temporary use of an anxiolytic compound
is justified to reduce the psychological stress, tension,
anxiety, hostility or irritation underlying a dermatosis.
If the anxiety is reduced, the intensity of the scratching
or the general interfering with the skin is lowered, and
the skin will have the opportunity to heal.

Antihistamines: hydroxyzine 
(Atarax®, Vistaril®)

Antihistaminic drugs are not widely used in psychiatry,
with the exception of diphenhydramine i.v. for the treat-
ment of acute dystonic reaction and of hydroxyzine as
a sedative, antiemetic and antipruritus agent. Centrally
acting antihistamines are of limited use as anxiolytics,
but hydroxyzine, an antihistamine that was synthetized
in Belgium, was developed as a minor tranquilizer with
antihistaminergic properties (Natens 1992). The sub-
stance is chemically unrelated to the phenothiazines,
the benzodiazepines or meprobamate. It is a piperazine
derivative whose core action is the suppression of
activity in certain key regions of the subcortical area of
the central nervous system. However, hydroxyzine is
not a direct corticodepressant. The anxiolytic effect of
hydroxyzine is probably through a modulating role of
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10–50 mg b.i.d. or t.i.d. during up to 18 months with
more than 80% efficacy.

In a trial by Smigel et al. (1959) 101 elderly patients
suffering from anxiety and confusion were treated
with hydroxyzine 3 × 25 mg/day during 3–9 months
with excellent anxiolytic results in 54% of patients,
good results in 36% and partial results in 10%. Also
the associated symptoms of confusion were found to
have improved.

Of 2025 adults and children given hydroxyzine 
to relieve the tension of fear of an impending dental
intervention, 91.6%, experienced good to excellent
symptomatic control (Alexander 1960). As a result,
diverse dental procedures were greatly expedited and
undue strain upon the patient and dentist was effect-
ively averted. No evidence of toxicity was observed.
Patients were able to leave the office unaccompanied.
The high degree of therapeutic efficacy of hydroxyzine
was judged in its absence of injurious effects, its ease 
of administration, and its patient acceptability. In
93% of the 41 neurotic children treated by Litchfield
(1960) hydroxyzine 10–30 mg/day during 2–36 weeks
had a good effect on anxiety and emotional tension.

In Lipton’s study (1961) 51 neurotic or psychotic
patients were treated with hydroxyzine 50 mg to 
200 mg t.i.d. for up to 16 months, with good efficacy
in 70% for anxious symptoms and little efficacy for
psychotic symptoms. Shalowitz (1961) treated 450
patients with anxiety neurosis with hydroxyzine 30–
400 mg/day during several months to up to 4.5 years
of follow-up, with good to excellent efficacy in 89% of
patients. In patients with psychosis, severe agitation
and depression with psychomotoric retardation, there
were no good results.

In a study in which 26 children aged between 4 and 15
with anxiety expressed in hyperactivity, insomnia, tics,
and enuresis, were treated with 3 × 10 mg hydroxyzine/
day during 17 months, a good efficacy in 39% of all
patients, and partial remission in 19% was found
(Piuck 1963).

These open studies dealt with anxiety in differ-
ent clinical contexts. They did not meet our current
diagnostic specificity. As they relied on clinical evalu-
ation as the main instrument of measurement they fall
short of the current methodological requirements for
objective quantification of psychopathology. However,
their wide clinical range covering various states of 
anxiety demonstrated the anxiolytic action of hydroxy-
zine. Hydroxyzine is believed to merit the consideration

the H1 receptor (Leonard 1999). For the treatment 
of pruritus the sedative effect is significant since the
nonsedative H1 antagonists are less effective. The anti-
allergic effect of hydroxyzine is partially based on its
active metabolite cetirizine.

Hydroxyzine has been tried in many clinical situ-
ations for the relief of anxiety and tension, with or
without the association of neurotic anxiety. Since the
early 1960s it has been used to treat both psychic and
somatic anxiety in its many syndromes: predentistry or
preoperative anxiety, stress related syndromes, etc.

The histamine receptors antagonist properties of
hydroxyzine have made its use in dermatological dis-
orders widespread. In particular in the management 
of pruritus, certainly of histamine-mediated pruritus,
chronic urticaria, and atopic dermatoses, hydroxyzine
has proved useful.

As the use of benzodiazepines is limited in view 
of the risks of dependency, overcompliance and with-
drawal effects such as rebound anxiety, antihistamines
and hydroxyzine, in particular, have been used as tran-
quilizers in patients with psychic and somatic anxiety.

Hydroxyzine trials in diverse 
anxiety states

Open studies

Most open trials with hydroxyzine have failed to 
meet the selection criteria of the current Diagnostic
Statistical Manual, fourth edition (DSM-IV: American
Psychiatric Association [APA] 1994) inclusion criteria
of generalized anxiety disorder (GAD). However, all
patients in the trials discussed here were suffering from
some sort of anxiety syndrome, either anxiety as a 
psychiatric illness (“anxiety neurosis”), trait anxiety as
part of a personality disorder, or state anxiety related
to stress, e.g., preoperative anxiety, in particular pre-
ceding dental surgery.

In 54 elderly patients suffering from anxiety and
various cardiac disorders, Shalowitz (1956) found
good (76%) to partial (19%) efficacy after treatment
with 30–100 mg/day hydroxyzine during 1–6 months.
Neither significant side-effects nor adverse effects on
biological parameters were observed. Settel (1957)
obtained good results in 76% of 83 patients suffering
from neurotic anxiety by treating them with hydroxy-
zine 2–3 × 10–25 mg/day during 2–10 weeks. Garber
(1958) treated 143 anxious neurotics with hydroxyzine
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of the dental profession as a possible adjunct to con-
ventional techniques, to be used routinely whenever
patients express or exhibit anxious tensions regarding
dental visits. Hydroxyzine has also been widely used to
treat anxiety in conjunction with bodily symptoms in
the context of psychosomatic syndromes, because of
its beneficial effect on somatized anxiety, in particular
cardiac anxiety.

Hydroxyzine is more effective in treating anxiety of
a neurotic nature than in relieving psychotic anxiety.
The lack of habituation to the anxiolytic effects of the
substance make it useful for chronic and intermittent
administration. It has few, if any side-effects. The initial
drowsiness that has been observed, disappears with
the continuation of the treatment. It is well tolerated
and no long-term abnormalities in biological param-
eters have been found.

Double-blind versus placebo studies

In 51 women with postpartum anxiety Reisner (1967)
compared hydroxyzine 300 mg/day (25 patients) with
placebo (16 patients). Improvement was found on par-
ameters such as activity, communication, aggressivity,
sleep, and tension, in the hydroxyzine group: an average
of 7.25 versus 3.23 in the placebo group. In 56 prisoners
diagnosed with anxiety the efficacy of hydroxyzine 
4 × 100 mg/day was compared with placebo with
sequential periods of 4 weeks (Breslow 1968). Anxiety
and agitation were reduced in 96.4% of prisoners
treated with hydroxyzine, while the placebo response
was not more than 38.3%.

A double-blind, cross-over study was conducted with
100 children with behavioral disorders (Manchanda
et al. 1969). Each group was given either hydroxyzine
(2 × 25–50 mg/day) or placebo for 6 weeks, and the
reverse during the next 6 weeks. After the first 6-week
period a global reduction of 82.5% in the symptoms
was seen in the hydroxyzine group and 24.3% in the
placebo group. This significant improvement was sus-
tained in 77.6% of cases during the last 6-week period
(on placebo) and attained 88% (on hydroxyzine).
Symptoms that improved most significantly included
behavioral dysfunction, sleep pattern, appetite, sexual
and emotional problems, and psychosomatic and hyster-
ical symptoms. The improvement was less noticeable for
speech and motor disturbances and social behavior.

In a trial with 51 anxious neurotic adults, Goldberg
and Finnerty (1973) compared hydroxyzine with

placebo. After a 4-week period the results showed 
a global improvementahydroxyzine better than
placebo, and on subitems such as tension and anxiety
(hydroxyzine better than placebo), depression (no dif-
ference from placebo), and insomnia (hydroxyzine
better than placebo).

A population of 26 anxious insomniacs were treated
with hydroxyzine (2 × 12.5 mg + 1 × 25 mg daily) ver-
sus placebo. In the hydroxyzine group a significant and
immediate relief of anxiety and insomnia was observed.
After 1 week the difference with placebo grew smaller
(Laffont & Cathala 1987).

In a multicenter, double-blind, randomized study,
with a sounder methodology and an adequate patient
selection, Ferreri et al. (1995) demonstrated the efficacy
and tolerance of hydroxyzine and its beneficial effect
on sleep, as well as stress and anxiety associated with
coronary disease in 110 anxious adults. Of 110 patients
with GAD, 56 patients were treated with hydroxyzine
(at a fixed dose of 50 mg) against 54 with placebo.
After 1 week of treatment, the anxiety was signific-
antly more reduced in the hydroxyzine group. This
beneficial effect was maintained throughout the trial
period, and lasted till 1 week after discontinuation.
Hantouche and Ferreri (1995) commented on meth-
odological improvements in comparison with earlier
studies. The patients were selected in accordance with
the DSM-III-R (APA 1987) inclusion criteria, and the
measurement was performed with the Hamilton Anxiety
Rating Scale, the Tyrer Brief Anxiety Scale and the
Ferreri Anxiety Rating Diagram (FARD).

Most recently, the efficacy and safety of hydroxyzine
was studied in 55 patients with generalized anxiety
and somatoform disorders (cardioneurosis as well as
maladaptation) (Smulevich et al. 1999). The patients
in the hydroxyzine group were given a daily dose of 
50 mg for 28 days. Overall the score value of the
Hamilton Anxiety Scale dropped by 10, the reduction
being more obvious in patients with somatic anxiety.

These trials show some superiority of hydroxyzine
versus placebo in treating GAD and related disorders.
They confirm the main findings of the open label previ-
ous studies. Furthermore, they intimate the long-term
maintenance of efficacy. The fast onset of action of
hydroxyzine, especially on irritability, concentration
difficulties, apprehension, and contact difficulties, its
large spectrum of efficacy, and its maintenance of
action after discontinuation make it an asset in the
treatment of a number of anxiety states. Moreover,
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In 70 mixed anxiety-depressive patients Silver 
et al. (1969) compared the efficacy of hydroxyzine
(25–200 mg/day), with amitriptyline (25–200 mg/day),
and the association of both drugs during 8 weeks. The
Brief Psychiatric Rating Scale (BPRS), the Verdun Target
Symptom Rating Scale (VTSRS) and the Wittenborn
Psychiatric Rating Scale (WPRS) showed significant
positive results for hydroxyzine on the items of anxiety,
tension and hostility.

Rickels et al. (1970) compared in 130 patients with
anxiety neurosis the efficacy of hydroxyzine (55 patients,
4 × 100 mg/day) during 4 weeks with chlordiazepoxide
(51 patients, 4 × 10 mg/day) and placebo (24 patients).
Drop-out for adverse events was registered in 31% of
patients in the hydroxyzine group, in 25% of patients
in the chlordiazepoxide group, and in 12% of patients
in the placebo group, leaving 97 patients for end analysis.
Hydroxyzine was found to have a comparable efficacy
to chlordiazepoxide and to be significantly better than
placebo for the anxiety neurotic symptoms.

In 400 patients with alcohol addiction the efficacy of
hydroxyzine (4 × 100 mg/day) was compared with that
of chlordiazepoxide (4 × 50 mg/day), chlorpromazine
(4 × 100 mg/day) and thiamine (4 × 100 mg/day). No
significant improvement was found, except for thiamine
and chlorpromazine (Klett et al. 1971).

A study of 210 patients indicated the anxiolytic and
sedating activity 30 min and 60 min after administra-
tion of hydroxyzine (50, 100, or 150 mg i.m.) versus
diazepam (5, 10 or 15 mg i.m.) and placebo (in asso-
ciation with pentobarbitone) (Forrest & Brown 1973,
proceedings 27th AMA). The results were more favor-
able for hydroxyzine, while diazepam did not improve
anxiety any more than placebo. A study in 76 patients
with anxiety neurosis compared hydroxyzine (10
patients, 225 mg/day) with meprobamate (8 patients,
1800 mg/day), phenobarbital (9 patients, 30 mg/day),
doxepin (40 patients, 225 mg/day), and chlordiazep-
oxide (9 patients, 90 mg/day), with a duration of 28
days. All treatments resulted in a significant symptom
reduction (Saint Laurent et al. 1977). Tornetta (1977)
compared the efficacy of hydroxyzine (50 mg), diaze-
pam (5 mg), and placebo (in association with pethidine)
in 280 patients. Compared to pretreatment the number
of emotionally calm patients increased in the hydroxy-
zine group from 17% to 54%, in the diazepam group
from 21% to 46%, and in the placebo group from
10% to 34%. There was no significant difference be-
tween the groups as far as sedation was concerned.

these trials confirm the absence of dependency and
hydroxyzine’s lack of organ toxicity. However, even in
the more recent studies some methodological short-
comings remain, e.g., blurred patient selection, diverse
populations (prisoners, children), diagnostic overlaps,
and insufficiently defined inclusion criteria.

Comparative studies

Early studies
A population of 143 patients with withdrawal symp-
toms of severe alcohol addiction were tested with
hydroxyzine (4 × 25 mg/day i.m.) versus chlorpromazine
(4 × 25 mg/day i.m.) and reserpine (4 × 0.25 mg/day
i.m.). The withdrawal symptoms were substantially
reduced in 86% of the patients in the hydroxyzine
group, in 84% in the chlorpromazine group, and in
78% in the reserpine group. Also in a population of 
60 alcohol-addicted patients with diverse psychiatric
comorbidity the efficacy of hydroxyzine (4 × 100
mg/day during 21 days) was compared to that of 
chlordiazepoxide (4 × 25 mg/day during 21 days) 
and placebo (Knott & Beard 1967). Hydroxyzine
significantly improved the anxiety, agitation and 
hostility. Chlordiazepoxide did not differ significantly
from placebo for the anxious symptoms but seemed to 
alleviate depression significantly.

In 98 patients divided into two groups of severity of
anxiety, the efficacy of hydroxyzine 3 × 100 mg/day
was compared to meprobamate 3 × 400 mg/day (Clyne
et al. 1968). In 40 patients with mild anxiety, eight 
of the 14 patients (57%) in the hydroxyzine group
improved versus 12 of the 26 (46%) in the mepro-
bamate group. Among the 58 patients with severe 
anxiety, improvement occurred in 25 of the 27 (92%)
patients treated with hydroxyzine, and in 24 of the 
31 (77%) patients treated with meprobamate. In a
double-blind and cross-over study including 24 patients
Kellner et al. (1968) compared the efficacy of hydroxy-
zine (3 × 50 mg/day), with that of diazepam (3 × 5
mg/day) and placebo, and found a superior result for
diazepam versus hydroxyzine and placebo. Williams
(1968) compared hydroxyzine (2 × 100 mg/day), 
during 14 days with chlorpromazine (2 × 50 mg/day)
in 32 anxious patients. Global anxiety scores were
reduced 40% and 37%, respectively, with hydroxy-
zine and chlorpromazine, phobic symptoms with 29%
and 44%, inactivity with 36% and 40%, and insomnia
with 71% and 53%.
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The efficacy of hydroxyzine (50 mg), was compared to
physostigmine (2 mg), haloperidol (5 mg), and meper-
idine (50 mg), in two administrations with an interval
of 20 min All three compounds yielded comparative
results for anxiety and tension (Castellani et al. 1982).

Recent studies
Samuelian et al. (1995) treated 30 patients suffering
from GAD (DSM-III criteria: APA 1980) with hy-
droxyzine 100 mg/day compared blindly to lorazepam 
4 mg/day. The anxiety was measured with the Hamilton
Anxiety Rating Scale and the Covi Scale for Anxiety
(CAS). Although both treatments showed a compar-
able antianxiety effect, the hydroxyzine group showed
a higher improvement on cognitive functions as mea-
sured by the BEC 86 rating scale.

Lemoine et al. (1997) studied 154 outpatients with
GAD (DSM III-R criteria: APA 1987), followed up by
general practitioners during 2 months. The patients were
long-term consumers (at least 3 months) of 2 mg/day
of lorazepam and were withdrawn using transiently
hydroxyzine or placebo. Clinical evaluations for 
anxiety (Hamilton Anxiety Rating Scale [HARS],
Zung), sleep (Spiegel), benzodiazepine withdrawal
syndrome (Tyrer), adverse reactions and clinical
global effects, show that with abrupt or progressive
discontinuation, with or without hydroxyzine sup-
port, with half or with full dosage, lorazepam with-
drawal proved to be feasible even after a long-term
benzodiazepine treatment. Despite a high initial level
of anxiety under lorazepam (HARS = 21 ± 10 at D0),
after a 1-month period of withdrawal (under placebo
or hydroxyzine) followed by a 2-month period with-
out any treatment, 75% patients were totally free of
any drug and their level of anxiety was significantly
reduced. The transient prescription of hydroxyzine 
25 mg t.i.d. for markedly anxious patients and of
hydroxyzine 50 mg t.i.d. for patients presenting a
withdrawal symptomatology is regarded as a satisfac-
tory treatment option.

Lader and Scotto (1998) reported the efficacy of
hydroxyzine and of buspirone, controlled by placebo,
in a double-blind, parallel group, multicenter study
conducted with a total of 244 patients, 70% female,
with GAD in primary care. The patients were allocated
randomly to treatments with hydroxyzine (12.5 mg
morning and mid-day, 25 mg evening), buspirone (5 mg
morning and mid-day, 10 mg evening) or placebo (three
capsules/day) for 4 weeks. The Clinical Global Im-

provement (CGI) and self-rating (Hospital Anxiety
and Depression [HAD]) scales showed both hydroxy-
zine and buspirone to be more efficacious than placebo.
The somnolence associated with hydroxyzine was
transient, and both active treatments were very well
tolerated. In a review comparing his study with Ferreri
et al.’s (1995) study, Lader (1999) concluded that
hydroxyzine was a useful treatment for GAD.

The possible cognitive impairment as a result of
anxiolytic medication in general has received special
attention (Hindmarch et al. 1990). De Brabander and
Deberdt (1990) investigated the effects of hydroxyzine
on attention and memory. In a double-blind, cross-
over study with hydroxyzine 50 mg, lorazepam 2 mg,
and placebo, it was found that hydroxyzine resulted 
in neither short-term nor long-term memory and con-
centration impairment. Although the sedative effect of
hydroxyzine 50 mg and lorazepam 2 mg were compar-
able, hydroxyzine had no effect on memory, concentra-
tion and psychomotoric performance. In a second trial,
with the same study design, De Brabander et al. (1992)
focused on memory impairment in elderly volunteers.
They found that hydroxyzine had no negative effect on
memory and concentration, while lorazepam signific-
antly caused memory impairment.

Wesnes et al. (1996) conducted a double-blind,
placebo controlled, four-way cross-over study to assess
the effects of a benzodiazepine (lorazepam 1 mg), a 
tricyclic antidepressant (amitriptyline 75 mg), and
hydroxyzine (25 mg) on cognitive functioning, resting
electroencephalogram (EEG), and the evoked potential
in healthy male and female volunteers. Cognitive per-
formance was assessed with a selection of tests from
the Cognitive Drug Research Computerized Assess-
ment System. Of all the drugs compared, amitriptyline
showed the greatest magnitude of attention impairment
and the longest duration of effect. Working memory
was impaired by all compounds, most markedly by
amitriptyline, while hydroxyzine had the smallest effect
on secondary memory.

Shamsi et al. (1999) investigated whether hydroxyzine
had any disruptive effects on cognitive functioning 
and sleep in comparison to lorazepam. In their study,
81 patients with a clinical diagnosis of GAD were 
randomized into a double-blind, parallel group design
for 28 days, to receive either hydroxyzine (50 mg/day)
(N = 42) or lorazepam (3 mg/day) (N = 39). The clin-
ical questionnaire, the Milford Memory Test, and the
Leeds Sleep Evaluation Questionnaire showed that
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Special indications: psychodermatology

In psychodermatology hydroxyzine has established
itself as a symptom relieving agent for pruritus related
dermatoses. Robinson et al. (1957) reported on the 
use of hydroxyzine in the treatment of 479 patients
with various dermatoses in which emotional stress was
thought to be a factor. Subjective evaluation, based 
on the patients’ statements lead to the conclusions that
the ataractic effect was satisfactory in 378 patients
who experienced some degree of relief from tension.
The authors concluded that hydroxyzine is valuable 
as an adjunctive therapy in the treatment of patients
with dermatoses in which emotional tension is a 
determinant.

In a study with 1987 patients, Robinson and Robinson
(1958) found that hydroxyzine and meprobamate
were useful to lessen or control emotional tension in
patients with various dermatoses. In a double-blind,
cross-over study with 20 patients with a history of 
pruritus resulting from urticaria, atopic dermatitis, 
or contact dermatitis (Baraf 1976), the patients
received hydroxyzine 25 mg t.i.d. and cyproheptadine
4 mg t.i.d. alternatively for 7 days each. Although 
the degree of pruritus was reduced by both drugs,
hydroxyzine was significantly more effective than
cyproheptadine in relieving the itching as assessed
both subjectively by the patients and objectively by the
dermatologist.

Cotterill et al. (1981), a dermatologist with a special
interest in psychiatry, mentioned a case of prurigo 
pigmentosa that was treated with hydroxyzine orally
(dosage unknown) and cortisone topically. The itching
and the papular eruption, along with the pigmentation,
had nearly completely disappeared after 6 months of
therapy.

Clinical experience with various dermatological
conditions (Van Moffaert 1994b) shows that the
inclusion of hydroxyzine in the treatment may posi-
tively change the course of a psychodermatological
condition because of its simultaneous actions on the
anxiety component and on the sensory symptoms (pain
or itching).

General conclusions

Especially in primary care, GAD and anxious person-
ality traits are among the most frequent and chronic

patients reported a clinical improvement of their cog-
nitive functioning and awakening from sleep following
both treatments. It was concluded that hydroxyzine
offered the possibility of effective relief of generalized
anxiety, without causing significant impairment of
cognitive functioning.

Early insomnia is often a concomitant problem in
anxious patients, especially in those diagnosed with
mixed anxiety depression (Van Moffaert 1994a).
Hindmarch et al. (1990) performed a polysomno-
graphic, double-blind, placebo-controlled study with
12 volunteers and found positive effects of hydroxy-
zine on sleep induction and sleep quality, without
behavioral toxicity, that is day-time somnolence, the
following day. In a similar study neither hangover
effects nor disturbances in short-term memory were
recorded (Alford et al. 1992).

In an early study Shalowitz (1956) observed that
habituation or addiction to hydroxyzine was not noted
during the entire period of the trial. More recently
Barranco and Bridger (1976) stated that hydroxyzine
is of interest because in its extensive clinical history
there have been no documented cases of significant
abuse, habituation, or physical dependence. Unlike
most other anxiolytic agents, hydroxyzine is not listed
under the Controlled Substances Act of 1970.

Most comparative studies of the efficacy and toler-
ance of hydroxyzine used a benzodiazepine as a com-
parator, as the current treatment of GAD mostly 
relies on benzodiazepines. However, the drawbacks 
of benzodiazepines have recently been investigated
more thoroughly. Indeed, the anxiolytic effects of a
benzodiazepine treatment sometimes lessen in the long
term (Lader 1999). Furthermore, the use of benzodi-
azepines may imply cognitive impairment (Hindmarch
et al. 1990). Finally, there is concern about the depend-
ence potential of benzodiazepines and the emergence
of rebound anxiety on discontinuation (Lader 1999).

Although hydroxyzine is associated with transient
somnolence, particularly in high dosages, the com-
parative studies show hydroxyzine to be generally well
tolerated and clinically efficacious in GAD and in 
various anxiety-related conditions. Indeed, equivalent
results in anxiolytic efficacy were found comparing
hydroxyzine with benzodiazepines. No addictive prop-
erties or withdrawal reactions have been reported,
even after abrupt discontinuation. In all the decades of
use there have been no reports on hydroxyzine causing
cognitive impairment, nor dependence.
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psychiatric problems the social impairment of which 
is regularly underestimated. There is a tendency to 
trivialize GAD as “minor psychiatry,” but pathological
anxiety states are genuinely disabling and distress-
ing conditions. The comorbidity (simultaneous or
sequential) of anxiety disorders with mood disorders
(major depression, dysthymia) or with other anxiety
subtypes, e.g., panic disorder, complicates the picture
(Van Moffaert et al. 1983). Anxiety states are accom-
panied by arousal of the autonomous nervous system
causing physiological dysregulations. The anxious
patients, above all Mediterranean migrant patients
(Van Moffaert 1998), perceive these bodily changes in
a hypochondriacal way, which exacerbates the anxiety
even more. In addition, many anxious patients suffer
from some form of sleep disturbance, especially early
insomnia.

Since the 1960s the pharmacological treatment of
anxiety has been dominated by the use of various 
benzodiazepines. However, the growing awareness 
on the possible drawbacks of benzodiazepine use may
review the possibilities of a relatively “ancient” drug
like hydroxyzine. Most open trials with hydroxyzine in
the 1960s and 1970s are not up to present-day stand-
ards of comparative drug investigation. They employed
imprecise selection criteria, they included special popu-
lations, such as children and prisoners, and they used
different dosages of hydroxyzine and comparators.
The mode of anxiolytic action of hydroxyzine remained
speculative. The early data, some of which have sub-
sequently been confirmed by methodologically sounder
double-blind placebo-controlled studies, indicate that
hydroxyzine provides effective relief of anxiety in GAD
as well as in a broad spectrum of pathological anxiety
states such as situational anxiety, preoperative anxiety,
somatized anxiety with pruritus as a specific target
(Ferreri & Hantouche 1998).

Hydroxyzine is claimed to be effective in acute 
anxiety and as a maintenance treatment, both on the
psychic and on the somatic component (pruritus in
particular) of anxiety. Indeed, hydroxyzine proves to
be useful where rapid relaxation is needed, as in pre-
dentistry anxiety, and where the anxiety-reducing effect
continues, as in psychosomatic conditions, which are
long-term by nature. However, the transient drowsiness
and sedation of hydroxyzine has been stressed to the
extent that for some researchers and clinicians hy-
droxyzine is no anxiolytic but merely a sedative. The 
scientific data available warrant the conclusion that

hydroxyzine gives rapid relief of acute anxiety. Symp-
toms of psychic and somatic anxiety, the apprehension
and the cognitive symptoms of anxiety are relieved
without obvious cognitive impairment. More recent
data indicate a lack of habituation to its anxiolytic
effect. Therefore hydroxyzine can be easily discontinued
without rebound phenomena. Hydroxyzine does not
induce dependence. This may be emphasized in view of
recent reports on benzodiazepine withdrawal. Although
benzodiazepines may not be called addictive in the
proper sense, their use does require caution. Hydroxy-
zine may offer an even safer alternative. A further,
somewhat speculative advantage of hydroxyzine over
benzodiazepines is the suggestion that anxiolytics 
augment resistance to psychotherapy (Hantouche &
Vahia 1999). Clinical experience with hydroxyzine
appears to indicate its lessening effect on impulsivity
and its lack both of behavioral toxicity and of any neg-
ative effects on cognitive functioning. In combination
with psychotherapy, hydroxyzine might therefore
facilitate the patient’s acceptance of psychotherapy
and enhance its efficacy.

Anecdotally sedating antihistamines have been 
useful for early insomnia by virtue of their soporific
effect, and it should be emphasized that their bedtime
use is warranted, but there is as yet no sufficient evid-
ence to support the effectiveness of sedating antihis-
tamines in the treatment of sleep disturbances (Van
Moffaert 1994a).

The latter comment also applies to the use of hy-
droxyzine in dermatology and psychodermatology. The
majority of trials on the use of hydroxyzine in dermato-
logy are flawed in terms of the sample size or the study
design. Empirically hydroxyzine is found to be useful
in a variety of psychophysiological skin symptoms. Its
specific efficacy, if any, requires further investigation
in controlled trials. It must be emphasized that the
objective assessment of the efficacy of psychotropic
drugs in psychodermatological disorders is particularly
difficult. On the one hand, psychotropic agents may
reduce the psychiatric symptoms of psychodermato-
logical disorders initially and subsequently (and often
only indirectly) have an effect on the somatic symptoms.
On the other hand, this distinct patient population is
particularly sensitive to placebo response.

On the basis of further research hydroxyzine might
be assigned a more appropriate place, however peri-
pheral, in the current psychopharmacological arsenal
of anxiety treatments.
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Anxiety Disorders: New
Antidepressants
R.B. Hidalgo & J.R.T. Davidson

1995). This dual action on serotonin distinguishes
nefazodone from selective serotonin reuptake inhib-
itors (SSRIs). Its mechanism of action is thought to be
the result of its enhancement of serotonin-mediated
neurotransmission, presumably through 5-HT1A recep-
tor stimulation.

Nefazodone is structurally related to trazodone,
which has stronger α1-adrenergic antagonist action.
As a result, nefazodone is less likely to cause the char-
acteristic postural hypotension, sedation, and priapism
that may occur with the use of trazodone. Another
advantage of its pharmacodynamic profile is the absence
of common side-effects seen with SSRIs, like gastroin-
testinal symptomatology (i.e., nausea, vomiting), sexual
dysfunction and tremor. Nefazodone and trazodone
are the antidepressants with the highest affinity for the
5-HT1A receptor. The nature of this affinity remains
unclear since, on the one hand, Frazer (1997) espoused
antagonist properties, whereas Nutt (1996) described
this action on the 5-HT1A receptor as agonist and as a
possible way for nefazodone to treat depression and
anxiety.

Because of nefazodone’s blockade of the 5-HT2
receptor, it was thought that it may have a preferred
action as antidepressant and a more benign side-effect
profile.

Another differentiating pharmacologic feature of
nefazodone is its favorable effect on sleep, as evid-
enced by sleep laboratory studies, which show that it
decreases arousal and increases stage 2 sleep without
suppressing rapid-eye movement (REM) sleep (Cohn
et al. 1996). In addition, nefazodone has been shown
to increase sleep efficiency, decrease natural awaken-
ing and stage 1 sleep in comparative studies versus
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Introduction

In this chapter we will review the antidepressants 
nefazodone, mirtazapine and venlafaxine regarding their
chemical structure, mechanism of action, pharmaco-
kinetics, side-effects and toxicity, drug interactions and,
finally, their clinical use, specifically in the treatment of
anxiety disorders.

This group of antidepressants resembles some tri-
cyclic antidepressants, in that they have a dual action on
serotonergic and noradrenergic reuptake. Neverthe-
less these newer antidepressants have a much better
profile regarding side-effects, mainly due to the lack of
anticholinergic and cardiovascular adverse effects.

Nefazodone

Nefazodone is a phenylpiperazine antidepressant with
predominantly, although not exclusively, serotonergic
actions. Its mechanism of action, pharmacokinetics,
side-effects, toxicity, drug interactions and clinical
efficacy will be reviewed.

Mode of action

Nefazodone is an antidepressant with two pharmaco-
logic actions on the serotonin (5-HT) system, namely a
potent blockade of the postsynaptic 5-HT2 receptor
and moderate inhibition of synaptosomal 5-HT reup-
take. In addition, nefazodone moderately blocks nor-
epinephrine reuptake and shows weak α1-adrenergic
antagonism, but has no significant anticholinergic, anti-
dopaminergic and antihistaminic activity (Taylor et al.

22



ease and patients who are very elderly. On the other
hand, patients with renal dysfunction do not show
need for dosing adjustment.

Adverse events, toxicity and safety

The most frequent adverse events observed with nefa-
zodone in placebo-controlled trials were somnolence,
dry mouth, nausea, dizziness, constipation, asthenia,
light-headedness, blurred vision, confusion and abnor-
mal vision (Markus 1996). These effects were reported
in treatments using up to 600 mg of nefazodone. Most of
the common side-effects decreased in severity and many
of them disappeared with time. Nevertheless, dry mouth
persisted in 44% of patients after 6 weeks of treatment.

Several adverse events showed a higher incidence as
the dosage increased (i.e., doses up to 500 or 600 mg/
day vs. ≤300 mg/day). These adverse events were visual
disturbances (e.g., visual tracings), confusion, blurred
vision, tinnitus, dizziness, nausea, somnolence, and
constipation.

Five side-effects were more likely to lead to dis-
continuation of treatment: nausea, dizziness, insomnia,
asthenia and agitation.

Regarding laboratory testing, nefazodone was 
only associated with higher incidence of decreased
hematocrit (1.6%) compared to placebo (0.6%). This
finding was considered to be nonclinically signific-
ant. The investigators did not find differences in the
incidence of liver function tests between nefazodone
and placebo.

A 3.6% incidence of serious adverse events was
reported among depressed patients treated with 
nefazodone in short or long-term clinical trials (N =
3496). These serious adverse events were mostly due
to hospitalizations (psychiatric or for treatment of a
pre-existing condition) and the investigators described
them as unlikely to be related with nefazodone therapy.
Likewise the 10 deaths that occurred during or shortly
after nefazodone treatment were not attributed to the
use of nefazodone. Among the 3496 patients, nine
patients committed suicide. In five of them the suicide
occurred within 1 month of discontinuing treatment.
Moreover, suicides among patients suffering from
depression are always difficult to interpret as a straight-
forward effect of a medication, since suicide is one of
the most feared consequences of depression itself. In
addition, in some of these patients other antidepressants
were being used.

fluoxetine, to a greater extent than with fluoxetine and,
in contrast to most antidepressants, does not suppress
REM sleep (Armitage et al. 1997; Gillin et al. 1997;
Rush et al. 1998). Of clinical importance, nefazodone
is unlikely to induce activation, anxiety or insomnia.
Such side-effects have proved troublesome with many
other antidepressants, especially during the first 
weeks of treatment. Early onset activation associated
with SSRIs may require concomitant anxiolytic or
hypnotic/sedative treatment (Rascati 1995). Moreover,
nefazodone is not associated with significant changes
in body weight, as may be present with antidepressants
like tricyclic antidepressants (TCAs), some SSRIs, and
mirtazapine (Caplik et al. 1994; Davis et al. 1997;
Feighner et al. 1998; Sussman & Ginsberg 1998). This
pharmacologic profile, differing from other antide-
pressants offers a number of potential advantages for
nefazodone compared with existing agents.

Pharmacokinetics

Nefazodone is rapidly and completely absorbed after
oral administration and peak plasma level is reached
after 1–3 h. Its bioavailability is 15–23%, due to an
extensive first pass metabolism. Plasma steady-states
are reached within 3–4 days from treatment initiation
or from dosage changing.

Nefazodone has three metabolites: hydroxynefazo-
done and triazoledione are the two major metabolites,
and m-chlorophenylpiperizine (mCPP) is a minor meta-
bolite. Hydroxynefazodone and, in a lower range,
mCPP, are both active on the serotonergic system.

Due to its nonlinear kinetics, mean plasma concen-
trations of nefazodone and its metabolites, are greater
than expected with higher doses. Greater area-under-
the-curve, higher peak plasma concentrations, and
prolonged elimination half-life are seen in patients of
extreme ages (i.e. very young and very elderly patients),
especially among females.

Nefazodone’s binding to plasma proteins is greater
than 99% and its elimination is by liver metabolism.
Nefazodone is a strong inhibitor of cytochrome P450
IIIA4 isoenzyme, something that leads to potentiating
interactions with certain benzodiazepines (e.g., alpra-
zolam and triazolam and some antihistamines [see 
p. 413]). mCPP is metabolized by the cytochrome
P450 isoenzyme IID6.

Due to its pharmacokinetic profile, the dosage of
nefazodone has to be reduced in patients with liver dis-
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Apparently there was no serious cardiovascular 
toxicity reported with nefazodone in the elderly and
nonelderly populations. However, nefazodone was not
used in patients who had unstable heart conditions or
who had had a recent myocardial infarction.

Nefazodone appears to be safe in overdose, the most
common symptoms in this situation being drowsiness
and vomiting. All cases of overdose recovered com-
pletely without sequelae.

Patients with liver impairment should be started 
on a lower dose and increases should occur slowly
aiming for an overall lower dosage. Apparently pati-
ents with renal impairment did not show alterations in
nefazodone’s pharmacokinetics. Thus, no dose adjust-
ment is required for these patients. However, accumu-
lation of nefazodone and its metabolites may occur
with chronic administration in those with severe renal
impairment. Hence, in such patients care is advised 
in dosing and evaluating clinical response. Regarding
serious adverse events in elderly populations, no sig-
nificant differences were found among the 488 elders
treated with nefazodone when compared with younger
patients. However, as was described before, lower
doses are needed at the beginning of treatment in this
group, especially among females.

There are no data to our knowledge on the safety 
of nefazodone in children, adolescents, and during
pregnancy.

Drug interactions

As described before, the liver metabolizes nefazodone.
Therefore, it is likely to result in some drug-drug inter-
reactions with other medications, since most drugs 
are metabolized via liver. There are specific enzymes
responsible for this metabolism; namely, cytochrome
P450 isoenzymes. Nefazodone is a substrate of, and 
a potent inhibitor of, the IIIA4 isoenzyme in vitro and 
in vivo (Davis et al. 1997). Consequently, drug–drug
interactions are to be expected with any medication
metabolized by the same coenzyme and coadministra-
tion of these drugs must be cautiously considered,
especially for medications with which increased plasma
concentrations are associated with higher risk of car-
diotoxicity. Examples of these medications are cisapride,
terfenadine, astemizole and pimozide; all of which are
contraindicated in combination with nefazodone for
that reason. Drug–drug interactions were also found in
the area under the curve at steady state for alprazolam

(two-fold increase) and triazolam (four-fold increase).
Nevertheless the pharmacokinetics of nefazodone
remained unaltered (Markus 1996). Contrarily, lor-
azepam, which is not metabolized by IIIA4 isoenzyme,
is not affected when coadministered with nefazodone
(Green et al. 1995).

Unlike some SSRIs (i.e., fluoxetine and paroxetine)
which are potent inhibitors of the IID6 isoenzyme,
nefazodone was found to be a very weak inhibitor of
such isoenzyme (in vitro). Consequently, nefazodone
has either minimal or no interactions with drugs like
cimetidine, desipramine, haloperidol, phenytoin and
propranolol. Nefazodone does not inhibit the IA2
isoenzyme (in vitro) and no pharmacokinetic inter-
action was observed with theophylline (Markus 1996).

Monoamine oxidase inhibitors (MAOIs) are con-
traindicated in case of a patient taking nefazodone 
and vice versa. Nefazodone should not be used unless
at least 2 weeks have passed after discontinuation of 
a MAOI and, contrarily, when switching from nefa-
zodone to a MAOI the minimum time of wash-out
should not be less than 1 week.

Clinical use

Regrettably, only few single-blind studies have been
conducted with nefazodone in the treatment of anxiety
disorders. To our best knowledge there is no data avail-
able from double-blind placebo controlled investiga-
tions of this drug for the treatment of specific anxiety
disorders However, there is some useful available
information from double-blind research studies of the
efficacy of nefazodone in treating depressed patients
with comorbid anxiety. These studies will be presented
here.

Panic disorder
DeMartinis et al. (1996) conducted an open-label trial in
14 adults (mean age 34 ± 15 years) with panic disorder
(PD) which was often comorbid with other psychiatric
disorders. Fifty-seven percent (N = 8) had comorbid
major depression, and 21% had depression not other-
wise specified (NOS) or minor depressive symptoms.
Thirty-six percent had comorbid generalized anxiety
disorder (GAD), three of whom had both major de-
pression and GAD. Only three patients in the sample
(21%) had noncomorbid panic disorder. Subjects were
treated for 8 weeks with nefazodone up to 600 mg/day
(mean maximal daily dose 407 mg) in a flexible dosage
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personal reasons. Eighty percent of participants who
completed the trial (N = 12) were rated as either very
much or much improved, 7% (N = 1) as minimally
improved, and 13% (N = 2) as unchanged. No sub-
jects were rated as worse. Both patients with comorbid
social phobia also showed improvement in the HAM-
A and were rated as responders in the CGI. Regarding
adverse events, those affecting primarily central nervous
system (CNS) were the most common with 37% of the
patients reporting drowsiness or fatigue, 21% report-
ing headache, and 21% reporting insomnia.

Post-traumatic stress disorder
Hidalgo et al. (1999) reported the results from six open-
label trials in the treatment of post-traumatic stress
disorder (PTSD) with nefazodone. One hundred and
five patients with chronic PTSD were treated acutely
(6–12 weeks) with nefazodone with doses up to 600 mg/
day, and 92 of them were entered in their intent-to-
treat analysis. The authors evaluated outcome and pre-
dictors of response. Using different response criteria
(e.g., drop in scores between baseline and endpoint 
of at least 30%, 40% and 50%) they found response
rates of 46%, 36% and 26%, respectively. Nefazodone
showed a broad spectrum of action in all cluster symp-
toms to a significant extent. Predictors of response
included age, sex and trauma type; with younger pati-
ents, women, noncombat trauma survivors showed the
highest response to treatment. However, these results
should be interpreted cautiously since, among post-
traumatic patients, combat trauma, which usually pre-
sents in men, often shows poor response to treatment
and represents a clinical challenge. It should be noted
that in this particular sample combat veterans repres-
ented 71.4% of the total (N = 81).

Two major placebo-controlled studies of nefazodone
have been completed, but results have not been pre-
sented yet.

Social anxiety disorder
Van Ameringen et al. (1999) conducted an open-label
trial in which nefazodone was administered to 23 pati-
ents with a primary diagnosis of DSM-IV social phobia,
generalized type. Social phobics (men aged 34.8 ±
9.8 years: mean duration of illness 21 ± 9.9 years)
were treated with nefazodone 200–600 mg/day (mean
dose at endpoint 435.9 ± 116 mg/day) for 12 weeks.
Twenty-one of the 23 patients who participated in the

regimen. Eighty-six percent of the patients completed
the 8 weeks. Counting the drop outs as nonrespond-
ents, 71% of the sample (N = 10) had a Clinical Global
Impressions (CGI) Scale score of much or very much
improved by the endpoint visit. The number of panic
attacks decreased from 5.4 at baseline to 2.1 at week 8
(P < 0.05), phobic anxiety decreased as well. Five of
the eight patients with comorbid major depression
were considered respondents, as well as 3/5 patients
showing comorbid GAD. Nefazodone was well-toler-
ated by patients and none of the participants withdrew
from the study because of side-effects.

Berigan et al. (1998) also presented a case report of 
a patient who had PD with agoraphobia and a history
of poor tolerance for SSRI medications. The authors
treated the patient with nefazodone (up to 400 mg/
day) after a trial with paroxetine in which the subject
showed improvement in his PD and functioning, but
also had a sexual dysfunction that was interfering 
in his marriage. Nefazodone was well tolerated, with
side-effects (visual disturbances) fading after 1 week of
treatment, and sexual function returned. Nefazodone
showed to have good efficacy in treating PD, as the
patient remained free of symptoms after 6 months 
of continued treatment with nefazodone and self-
relaxation techniques when under stress.

Bystritsky et al. (1999) reported a small 12-week
open-label trial in which 10 patients meeting Diag-
nostic Statistical Manual, fourth edition (DSM-IV:
American Psychiatric Association 1994) criteria for
noncomorbid PD or PD with agoraphobia were treated
with a flexible dose of nefazodone (50–400 mg/day).
At the end of the study nine patients were rated as
much improved with seven patients being panic free
and in full remission.

Generalized anxiety disorder
One small open-label trial has presented the effects of
nefazodone in patients with GAD (Hedges et al. 1996).
Twenty-one subjects (12 female; nine male) were treated
with nefazodone up to 600 mg/day for 8 weeks. 
All subjects met criteria for DSM-IV GAD and did 
not carry comorbid diagnosis, other than two patients
with comorbid social phobia. The effect of nefazodone
was monitored by the Hamilton Rating Scale for
Anxiety (HAM-A) and the CGI Scale. Fifteen of the 21
subjects completed the study. Three subjects dropped
because of adverse events and three withdrew for 
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trial completed the 12 weeks of treatment. The two
patients who dropped out from the study withdrew
because of lack of efficacy. Interestingly, 13 patients had
at least one comorbid psychiatric condition (dysthymia,
N = 5; major depression, obsessive-compulsive dis-
order (OCD) and specific phobia, N = 3 each; PD with
agoraphobia, N = 2; alcohol abuse and dependence, 
N = 1). Seventy percent were considered respondents
(N = 16), meaning a CGI Scale improvement score 
of “markedly improved” (N = 6) or “moderately
improved” (N = 10). Seven patients were nonresponders
(30%), including the two who dropped out of the study.
Interestingly, many patients with comorbid psychiatric
disorders showed reduction in their symptomatology,
and the one patient with alcohol dependence showed 
a substantial decrease in alcohol consumption. How-
ever, patients with comorbid specific phobia did not
show a change in their specific phobic avoidance.
Seventy-four percent of patients showed nefazodone-
related side-effects, but none of these side-effects led to
withdrawal of subjects from the trial. The most com-
mon side-effects were fatigue/sedation, nausea, poor
memory and visual disturbances. The authors concluded
that nefazodone may have a role in the treatment of
generalized social phobia.

Anxiety associated with depression
As mentioned above, some double-blind, placebo-
controlled trials have been conducted with depressed
patients with comorbid anxiety.

Fontaine et al. (1994) reported that nefazodone
showed a very significant reduction of symptoms at 
the 6-week endpoint compared with placebo, as did
imipramine in patients with depression and comorbid
anxiety symptoms. The HAM-A was included as 
one of the outcome measurements. Nefazodone pro-
duced a greater reduction in anxiety compared with
placebo (–10.5 on HAM-A: P < 0.01) by the end of
treatment. The group treated with imipramine as the
active control also showed reduced anxiety compared
with placebo, but to a lesser extent (–9 on HAM-A: 
P < 0.05). Another interesting finding of this trial is
that neither placebo nor imipramine showed a signific-
ant anxiolytic effect over 6 weeks of treatment on the
patient rated Symptom Checklist-90. However, nefa-
zodone produced a progressive improvement in this
scale up to 6 weeks that was statistically significant by
the end of the 1st week of treatment.

Fawcett et al. (1995) reported a meta-analysis of 
six major randomized clinical trials of the efficacy of
nefazodone in treating anxiety and agitation associated
with depression. The data included 817 depressed pati-
ents. Nefazodone produced a significant reduction in
somatic anxiety (Hamilton Rating Scale for Depres-
sion [HAM-D], item 11) by week 4 of treatment, com-
pared with imipramine and placebo (P < 0.01). This
reduction persisted up to the termination of the study.
Nefazodone was described as having an excellent
safety profile with only 5% of patients discontinuing
because of adverse experiences, compared with 17%
for imipramine and 5% for placebo. Moreover the
authors pointed out that nefazodone did not provoke
unwanted activating side-effects during early treat-
ment as may happen with tricyclics and SSRIs.

In another report, Nelson (1994) presented the result
of an open-label trial of nefazodone in the treatment of
depression with and without comorbid OCD. Eighteen
depressed patients entered in the study and were treated
with nefazodone for 8 weeks. Nine of the 15 individuals
who completed the study also met criteria for OCD.
Nefazodone was found to be effective as antidepress-
ant as well as anxiolytic among participants with
major depression alone or associated with OCD. A
trend toward antiobsessional efficacy was seen among
those with OCD. The degree of its anxiolytic effect
was found to be significantly correlated with the degree
of antidepressant effect. Nefazodone was generally well-
tolerated and the most commonly reported side-effects
were dizziness, joint pain, dry mouth and sedation.

These studies are suggestive for efficacy of nefazodone
in anxiety disorders. Moreover, since anxiety often
presents with comorbid depression, and vice-versa, an
agent that works for both symptom groups may repres-
ent a useful tool for clinical practice, allowing treatment
with only one drug, which may increase compliance
and reduce the possibility of drug inter-reactions.

Mirtazapine

Mirtazapine is a new antidepressant with a novel and
unique pharmacologic profile that differs from the
other antidepressants (i.e. tricyclics, SSRIs, serotonin
noradrenergic reuptake inhibitors [SNRIs]). Mirtaza-
pine is the first noradrenergic and specific serotonergic
antidepressant (NaSSA).

415



ence of adrenergic (tachycardia, orthostatic hypo-
tension), cholinergic (dry mouth, constipation, etc.) and
dopaminergic side-effects, which have proven to be
quite frequent with older antidepressants (Table 22.1).

Pharmacokinetics

Within the normal dose range (15–45 mg/day), mir-
tazapine follows linear pharmacokinetics. It is rapidly
and well absorbed after oral administration and shows
a bioavailability of 50% after single or multiple doses.
Its absorption is not affected by the presence of food in
the stomach. The half-life elimination is 20–40 h and
steady state is reached in 3–5 days.

Mirtazapine’s binding to plasma proteins is around
85%, is nonspecific and reversible. Its biotransforma-
tion occurs in the liver. Cytochrome P450 isoenzymes
2D6 and 1A2 are involved in the production of the
hydroxy metabolite, and the 3A4 isoenzyme is involved
in the formation of the demethyl and N-oxide metabol-
ites. Besides the primary active compound, mirtazapine,
the only other active metabolite is demethylmirtazapine,
which in animal studies has shown an activity ten-fold
lower than the parent compound.

Mirtazapine and its metabolites are eliminated in
urine and feces within a few days after oral administra-
tion. Approximately 100% of the dose is excreted within
4 days in the urine (up to 85%) and faeces (up to 15%).
Because of this pharmacokinetic pathway, the dose 
of mirtazapine should be lowered in the presence of
hepatic or renal impairment. Hepatic impairment 
may diminish metabolism and increase half-life up to
40%, resulting in higher plasma levels. Renal impair-
ment causes decreased clearance of mirtazapine and
significantly increased plasma concentration. Thus,

Mode of action

Mirtazapine enhances noradrenergic and 5-HT 
neurotransmission by a blockade of the presynaptic
α2-adrenoreceptors located presynaptically on nora-
drenergic terminals and α2-heteroreceptors, which 
are located on serotonergic nerve terminals. These 
two types of receptors have inhibitory functions on 
the release of norepinephrine (noradrenaline) and
serotonin, respectively. By blocking them, mirtazapine
increases both noradrenergic and serotonergic neuro-
transmission. Norepinephrine released in this form
stimulates α1-adrenoceptors on the serotonergic cell
body, further potentiating serotonin release by increas-
ing the firing rate of serotonergic neurones. This is 
possible because mirtazapine has a weak affinity for
α1-adrenoreceptors.

The overall effect of mirtazapine is increase of 
noradrenergic and serotonergic neurotransmission.
Moreover, mirtazapine specifically enhances the 5-
HT1-mediated neurotransmission, because it blocks
5-HT2 and 5-HT3 receptors which accounts for its
benign profile regarding therapeutic actions and side-
effects (blockade of 5-HT2 and 5-HT3 may contribute
to mirtazapine’s anxiolytic and sleep improving effects
and lack of side-effects such as anxiety, sexual dys-
function, and nausea).

Even though mirtazapine has a strong affinity for
histamine receptors and can be sedative at lower doses,
this is often less of a problem at higher doses, possibly
because of noradrenergic mediated activation provoked
by mirtazapine, increases to offset the sedative effect.

Furthermore, mirtazapine shows low or very low affin-
ity for α1-adrenergic, cholinergic and dopaminergic
receptors, which permits this drug to have a low incid-
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Table 22.1 Mechanism of action of mirtazapine.

Blockade of α2-auto and heteroreceptors Increases noradrenergic and serotonergic transmission. Antidepressant effect

Weak affinity for α1-receptors Allows noradrenergic action provoking firing of serotonergic neurones 
and serotonin release, further increasing serotonergic transmission.
Antidepressant effect

Blockade of 5-HT2 Lack of anxiety and insomnia. No sexual dysfunction. Can cause weight gain

Blockade of 5-HT3 Lack of gastrointestinal problems. No nausea

No action on 5-HT1 Allows serotonin to act on these receptors. Anxiolytic and antidepressant effects

Blockade of H1 Anxiolytic effect but can cause drowsiness and weight gain



ANXIETY DISORDERS: NEW ANTIDEPRESSANTS

whenever a patient with renal and/or hepatic impair-
ment is treated with mirtazapine, cautious dose escala-
tion and monitoring is recommended.

Adverse events, toxicity and safety

Overall mirtazapine seems to have a benign side-effect
profile. Montgomery (1995) reviewed the accumulated
data on the safety of this dual antidepressant and 
concluded that participants taking mirtazapine had
fewer side-effects than patients taking placebo and
amitriptyline (65%, 76% and 87%, respectively). Only
dry mouth, drowsiness, sedation, increased appetite, and
weight gain were more frequent with mirtazapine than
placebo. Mirtazapine was found to have significantly
lower side-effects when compared with amitriptyline.
Patients taking mirtazapine complained significantly
less often of anticholinergic symptoms (i.e. dry mouth,
constipation, abnormal accommodation and abnormal
vision), cardiac symptoms (palpitations and tachycardia)
and neurological symptoms (tremor and vertigo) than
amitriptyline treated patients. Moreover, the majority
of all other side-effects were noted more frequently in
the amitriptyline-treated sample. Interestingly, sexual
dysfunction, a common adverse event, among pati-
ents taking antidepressants, was either similar or lower
in recipients taking mirtazapine than in patients under
placebo treatment. When compared with amitriptyline,
sexual dysfunction was also less frequent with mir-
tazapine, although the difference did not reach a stat-
istically significant level.

Mirtazapine also showed a more favorable toler-
ability than other antidepressants like clomipramine
(Richou et al. 1995), doxepin (Mattila et al. 1995),
and trazodone (Van Moffaert et al. 1995).

Regarding SSRI antidepressants, several studies have
been conducted to compare them with mirtazapine. In
a study that included 133 patients with major depres-
sion, the tolerability of mirtazapine was compared with
fluoxetine (Wheatley et al. 1998). Mirtazapine was
associated with more reports of dry mouth, blurred
vision and somnolence than fluoxetine, while fluoxetine
presented with more frequent incidences of headache,
nausea and dizziness. A similar study was reported by
Leinonen et al. (1999) comparing mirtazapine with
citalopram. The authors concluded that mirtazapine
was associated with a significantly higher incidence of
increased appetite and weight gain, and significantly
lower incidence of nausea and sweating. Another study

compared mirtazapine with paroxetine (Benkert et al.
2000). In this trial the authors reported that mirtazapine
had significantly lower incidences of nausea, vomiting,
sweating, and tremor; and significantly higher incid-
ence of weight increase and flu-like symptoms.

Blockade of H1 receptors has a sedative effect and
also causes drowsiness. Such blockade may also be
related with weight increase. Mirtazapine, given its
high affinity for H1 receptors, shows sedation and
drowsiness (Montgomery 1995). However, tolerance
develops to these side-effects with time.

The weight gain observed with mirtazapine may 
be one potential drawback for patients presented with
overeating and/or with other concerns about this issue.
However, in patients with weight loss this may be an
advantage, an issue that might be of particular import-
ance among the elderly.

Regarding toxicity, mirtazapine seems to have 
less serious sequelae associated with overdose when 
compared with other antidepressants, especially with 
tricyclics. In reported cases of overdose, transient 
somnolence was the most important symptom, with-
out any clinically relevant changes in vital signs or the
electrocardiogram (Montgomery 1995). Another case
report described an 81-year-old-woman who took 
900 mg of mirtazapine and 210 mg of midazolam. The
patient presented in the admission to the hospital with
a comatose state that resolved spontaneously within 
1 h. The subsequent somnolence disappeared completely
after 3 days. Neither respiratory nor cardiovascular
functions were compromised and no seizures were
observed (Hoes & Zijpveld 1996).

Drug interactions

Even though different P450 isoenzymes metabolize
mirtazapine, this drug does not seem to be a potent
inhibitor, so it is unlikely to have clinically important
interactions with other medications. Furthermore,
mirtazapine’s binding to plasma proteins is relatively
low. However, results from investigations conducted
with a wide range of other drugs regarding potential
interactions are still unavailable.

Psychomotor performance may be impaired when
combining mirtazapine and diazepam or ethanol (Mattila
et al. 1989; Kuitunen 1994; Sisten & Zikov 1995).

Mirtazapine should be avoided in patients taking
MAOIs, although, to our knowledge, no case reports
of toxic interactions exist.
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authors acknowledged the limitations of the study,
mainly related with high psychiatric comorbidity and
the size of the sample.

Venlafaxine

Venlafaxine is the first medication in a new class of
antidepressants known as serotonin noradrenergic
reuptake inhibitors (SNRIs). This medication is avail-
able in two different formulations: immediate release
(IR) and extended release (XR).

Mode of action

Venlafaxine and its active metabolite, O-desmethyl-
venlafaxine (ODV), are potent inhibitors of reuptake of
both norepinephrine and serotonin and, more weakly,
of dopamine. Venlafaxine has a very similar action 
to the serotonin reuptake inhibitors at lower doses 
but, at higher doses, norepinephrine reuptake inhibi-
tion predominates. Unlike TCAs that also have this
dual action, venlafaxine and its metabolite lack anti-
cholinergic actions and effects on cardiac conduction.
Moreover, they have little affinity for muscarinic, H1-
histaminic, or α-adrenergic receptors in vitro. They 
do not show monoamine oxidase A or B inhibitory
activity.

Pharmacokinetics

Venlafaxine is well-absorbed and extensively meta-
bolized in the liver after oral administration, with a
bioavailability of 45%. ODV is the only major active
metabolite.

XR formulation has a lower rate of absorption but
to the same extent when compared with the IR tablets.

Recommended starting dose for the IR formulation
is generally 75 mg/day, divided in two or three doses.
The maximum dose studied in controlled trials is 
375 mg/day, but higher doses have been recommended
in unresponsive patients by many clinicians and invest-
igators. The XR formulation simplifies dosing, with a
once-daily dose. Food does not affect the bioavailability
of venlafaxine or its active metabolite.

After absorption, venlafaxine undergoes extensive
presystemic metabolism in the liver. In-vitro studies
had shown that the formation of ODV is catalysed by
CYP2D6; and this was confirmed clinically, showing

Clinical use

Unfortunately, mirtazapine has not been extensively
evaluated as a treatment for anxiety disorders in the
research arena. However, three small open-label trials
have been conducted to study the efficacy of mirtazapine
in GAD, PD and PTSD. These result along with pre-
liminary information from another unpublished study
will be presented here.

Generalized anxiety disorder
Goodnick et al. (1999) conducted a small open-label
study with 10 patients suffering from depression with
comorbid GAD. Patients received mirtazapine (15–
45 mg/day) for 8 weeks. The authors reported signific-
ant improvements on the HAM-A, the HAM-D, and
the Beck Depression Inventory (BDI) noticeable since
the 1st week and persisting throughout the study.

Panic disorder
Carpenter et al. (1999) reported the results of a small
open-label study in which 10 adult outpatients with a
primary diagnosis of PD where treated with mirtazapine
for 16 weeks. Based on all available data, 70% of the
sample showed an acute response (defined as Clinical
Global Impression-Improvement (CGI-1) = 2 or 3) by
weeks 5–7, and six continued to have a positive long-
term response (defined as response at the 16-week end-
point, except for one patient who formally concluded the
study at week 12 because of moving to another state).
Regrettably, concomitant medications were allowed in
this trial (i.e., low doses of benzodiazepines, if they were
used previously for at least 2 months; and in two patients
SSRIs to which there had not been an adequate response).

Falkai (1999) referred to unpublished data in a
recent article regarding a study conducted to evaluate
the efficacy of mirtazapine in the treatment of PD.
Apparently, mirtazapine reduced panic attacks in num-
ber and intensity.

Post-traumatic stress disorder
Connor et al. (1999) reported the results of a small
pilot study of six outpatients with severe, chronic PTSD
and substantial comorbidity who were treated with
mirtazapine, up to 45 mg/day for 8 weeks. Fifty percent
of the sample showed improvement of 50% or more
from baseline using a global rating. Moreover, improve-
ments were noted on both interviewer-administered
and self-rated scales of PTSD, and of depression. The
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that patients with low CYP2D6 levels had increased
levels of venlafaxine and lower levels of ODV, com-
pared with subjects with normal levels of CYP2D6.
Renal elimination of venlafaxine and its metabolites is
the principal route for excretion.

Venlafaxine and its metabolites have diminished
clearance in patients with hepatic cirrhosis and severe
renal impairment; in these patients the dose of ven-
lafaxine has to be reduced. However, in healthy elderly
patients there is no need for dosage adjustment.

Adverse events, toxicity and safety

Venlafaxine has low affinity for muscarinic cholinergic,
histaminic, or α-adrenergic receptors; hence it has 
low incidence of side-effects related with them (i.e.
sedation, orthostatic hypotension, etc.).

Venlafaxine can cause a dose-related increase in
blood pressure in some patients. This effect becomes
apparent with doses higher than 101 mg/day (i.e. sus-
tained elevation of blood pressure was 3–4% higher 
in patients receiving 101–300 mg/day of venlafaxine
than in patients taking placebo) (Rudolph & Derivan
1996).

Venlafaxine presents a side-effect profile similar to
that of SSRIs; however, it does not seem to have the
stimulant action that may occur with fluoxetine. The
adverse event most frequently reported with the XR
formulation is nausea. Other common adverse events
include insomnia, dizziness, somnolence, headaches,
asthenia, nervousness, anorexia, sweating and dry
mouth. Abnormalities of sexual function were also
described (abnormal ejaculation and impotence in
men, and decreased libido (package insert, Wyeth
Laboratories, Inc., revised December 30, 1999).

There have been three reports on possible venla-
faxine withdrawal syndrome (Farah & Lauer 1996;
Louie et al. 1996; Dallal & Chouinard 1998). These
reports complete a total of 10 patients who pre-
sented withdrawal symptoms after discontinuation of
venlafaxine. The symptoms described involved mainly
the gastrointestinal system (i.e., nausea, abdominal
distention, gastrointestinal distress) and CNS (i.e.,
headaches, anxiety, agitation, tinnitus, tremors, ver-
tigo, akathisia, dizziness, bizarre dreams, and auditory
hallucinations). Other reported withdrawal symptoms
were fatigue, congested sinus and tachycardia. Note-
worthy is that this symptomatology resolved when
venlafaxine was restarted. The authors acknowledge

the importance of gradual tapering when discontinu-
ing venlafaxine, which in some cases may take more
than 4 weeks.

Regarding overdose, in the premarketing evaluation
of venlafaxine there were 14 reports of acute overdose,
either alone or in combination with other drugs and/or
alcohol. All 14 patients recovered without untoward
effects. Among patients included in the premarketing
evaluation of venlafaxine XR, there were two over-
doses in depression trials, either alone or in combina-
tion with other drugs. In trials for the treatment of
GAD, two patients had acute overdose. In all these
cases patients recovered without sequelae. In post-
marketing experience, overdose with venlafaxine has
occurred predominantly in combination with alcohol
and/or other drugs. The findings in these cases were
ECG changes (i.e., prolongation of QT interval, 
bundle branch block, QRS prolongation), sinus and
ventricular tachycardia, bradycardia, hypotension,
altered level of consciousness (ranging from somnol-
ence to coma), seizures, vertigo and death (package
insert, Wyeth Laboratories, Inc., revised December 30,
1999).

Drug interactions

Venlafaxine is extensively metabolized by the hepatic
cytochrome P450 enzyme system, mainly by CYP2D6
isoenzyme. This isoenzyme is subject to genetic poly-
morphism, hence venlafaxine’s metabolism varies from
patient to patient. Nevertheless, the total amount of
venlafaxine and ODV was similar in CYP2D6-poor
and CYP2D6-extensive metabolizers; this suggests that
no dose adjustment is necessary when venlafaxine is
coadministered with a CYP2D6 inhibitor.

Venlafaxine hydrochloride showed neither in vivo nor
in vitro significant inhibition or effect on isoenzymes
CYP1A2, CYP2C9, CYP2D6, and CYP3A4 (Ereshefsky
1996). These findings point out that venlafaxine as fav-
orable drug interaction profile.

Clinical use

Venlafaxine is the nonSSRI antidepressant most 
extensively evaluated in a double-blind fashion for the
treatment of both depression and anxiety. Moreover,
in 1999 venlafaxine XR became the only antidepressant
approved by the US Food and Drug Administration for
the treatment of GAD.
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either placebo or venlafaxine XR at one of three 
dose levels (75, 150 or 225 mg/day) for up to 8 weeks.
Three-hundred and forty-nine patients were entered
for the efficacy analysis which showed that venlafaxine
demonstrated superiority in all three dosages, begin-
ning as early as week 1 and maintained throughout 
the entire 8 weeks of the study. Venlafaxine XR had
statistically significantly lower adjusted mean scores
on the HAM-A total score and psychic anxiety factor,
on the CGI-S item, and on the CGI-I item at endpoint
when compared with placebo. Moreover, the three
venlafaxine XR treatment groups showed important
anxiolytic effect on the Hospital Anxiety and Depression
Scale’s anxiety subscale. The authors also noted that
even though all three groups treated with venlafaxine
showed some efficacy, further inspection of the data
showed most positive results in the group receiving
225 mg/day.

Positive results were also presented by Gelenberg 
et al. (2000) from a long-term study with nondepressed
outpatients with GAD. In this study 251 participants
were randomly assigned to receive either placebo or
venlafaxine XR (75, 150 or 225 mg/day) for 28 weeks.
The efficacy analysis was conducted on data from 
238 patients (123 in the placebo group and 115 in the
venlafaxine XR group). Response to treatment was
defined as either a reduction in HAM-A total score of
40% or more from baseline or a CGI-I score of 1 or 2.
Patients treated with venlafaxine XR showed response
rates in the HAM-A total score significantly better than
those of patients receiving placebo. Similar results were
observed for CGI-I, with significantly more patients
receiving venlafaxine XR responding than patients in
the placebo group.

Panic disorder
Four cases of PD treated with venlafaxine were reported
by Geracioti (1995). All the patients responded to 
very modest doses of venlafaxine (12.5–18.75 mg twice
daily). Papp et al. (1998) conducted a small open-label
trial in which 13 patients with PD were treated with
venlafaxine for up to 10 weeks (mean daily dose at the
end of the trial was 93.4 mg). All 10 patients who com-
pleted the study were responders.

Effects of venlafaxine were reported in 25 patients
from one site from a multicenter double-blind placebo
controlled trial of PD. Patients taking venlafaxine
showed statistically significant changes on the CGI-I

Here we will present data available to date for the use
of venlafaxine and venlafaxine XR in the treatment of
anxiety disorders.

Generalized anxiety disorder
Johnson et al. (1998) presented the results of an small
open-label prospective study with 11 patients, in which
venlafaxine was highly effective in mitigating symptoms
of GAD in 73% of the population (N = 8). Positive
responses were detected early in treatment and with
relatively low doses of venlafaxine (12.5–187.5 mg/day).

Venlafaxine XR has also been found effective in 
the treatment of GAD. Aguiar et al. (1998) reported
the results of a double-blind placebo controlled study
in 377 patients with GAD without comorbid major
depression. In this study venlafaxine XR (225 mg/day)
appeared to be significantly more effective than placebo,
as measured on the Clinical Global Impression-
Severity (CGI-S) and HAM-A. Additionally, venlafaxine
XR in doses of 75 mg/day and 150 mg/day was found
to be significantly better than placebo and buspirone
on the Hospital Anxiety and Depression (HAD) Scale,
a patient-rated scale (Davidson et al. 1999).

Davidson et al. (1999) published the results of a rand-
omized, double-blind study comparing the efficacy and
safety of venlafaxine XR and buspirone in outpatients
with GAD without comorbid major depression. The
efficacy analysis included 365 patients who were treated
with venlafaxine 75 or 150 mg/day, buspirone 30 mg/
day, or placebo. Patients taking venlafaxine XR had
significantly lower adjusted mean HAM-A psychic
anxiety factor, CGI-I, and CGI-S scores than placebo-
treated patients, although no effect was found on the
HAM-A total scores. The HAD anxiety subscale scores
for both doses of venlafaxine XR were also signific-
antly better than those for buspirone from week 2 and
continuing through the study. The authors acknow-
ledged that higher doses of buspirone might have been
more effective. The investigators concluded that once-
daily administration of venlafaxine XR, 75 or 150 mg,
is an effective, safe, and well-tolerated treatment for
patients with GAD without comorbid major depres-
sion. Venlafaxine was significantly superior to placebo
and comparable to, or slightly better than, buspirone.

Another randomized, double-blind, parallel-group,
placebo controlled study with patients with GAD with-
out depression was reported by Rickels et al. (2000). 
In this trial, patients were randomly assigned to receive
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items at endpoint compared with patients in the placebo
group (effect size 0.89) (Pollack et al. 1996).

Social anxiety disorder
Kelsey (1995) reported a case series of 9 patients with a
history of failure to respond or unable to tolerate SSRIs
who were treated with venlafaxine for 4–12 weeks (mean
final dose 146.5 mg/day). Patients showed a significant
improvement in the social phobia subscale of the Fear
Questionnaire (P < 0.02) and in the social/leisure sub-
scales of the Sheehan Disability Scale (P < 0.02). Overall,
8 of the 9 patients were respondents to venlafaxine.

In a more recent study conducted in Italy by Altamura
et al. (1999) 12 patients with social phobia (with or
without concomitant avoidant personality disorder)
who were nonresponders to SSRIs responded to a 15-
weeks trial with venlafaxine (doses from 112.5 mg/day
to 187.5 mg/day). Venlafaxine improved social phobia
and/or avoidant personality disorder symptomatology,
as measured by a decrease in Liebowitz Social Anxiety
Scale total scores (P < 0.05).

Larger, placebo-controlled, multicenter trials are
now ongoing.

Obsessive-compulsive disorder
Ananth et al. (1995) presented two cases of patients
with OCD who responded to venlafaxine treatment. In
both cases patients had a history of failure to respond
or tolerate SSRI medications. These patients showed a
dramatic response to 150 mg/day of venlafaxine.

Rauch et al. (1996) conducted a 12-week open-label
trial of venlafaxine in 10 outpatients with OCD (mean
daily dose 308.3 mg/day). Overall improvement attri-
buted to venlafaxine was observed in 30% of these
patients. The investigators concluded that venlafaxine
has potential antiobsessional efficacy.

A small, 8 week, double-blind, placebo-controlled
trial of venlafaxine in 30 outpatients with OCD was
reported by Yaryura-Tobias and Neziroglu (1996).
Venlafaxine showed to be beneficial in 6 patients, while
in three patients the condition remained unchanged
and in five patients the condition became worse. In
contrast, none of the patients in the placebo group 
(N = 14) showed improvement and their drop out 
rate was higher. The authors acknowledged that the
number of patients who might have benefited from
venlafaxine would have been higher if the study had
been carried out for a longer duration (and if higher

dosages of venlafaxine than that used [225 mg/day]
had been employed).

Post-traumatic stress disorder
To our knowledge, only one case of PTSD (with co-
morbid major depression) treated with venlafaxine was
reported (Hamner & Frueh 1998). The authors pre-
sented a male Vietnam combat veteran with history of
resistance to several serotonergic agents who success-
fully responded to a trial with venlafaxine. This pati-
ent showed substantial improvement with venlafaxine
150 mg/day and further improvement was observed
after an increase of the dose up to 225 mg/day.

Anxiety associated with depression
Rudolph et al. (1998) reported a meta-analysis of 
the efficacy of venlafaxine in the treatment of anxiety
associated with depression. The authors performed a
pooled analysis of six short-term trials of venlafaxine,
retrospectively measuring anxiety in patients with
depression and anxiety. Three of these trials were
placebo-controlled of three fixed-dosage range groups
and the remaining were placebo- and active-drug-
controlled studies (the active comparators were
imipramine in two of them and trazodone in the third).
Overall, venlafaxine was given 2–3 times daily (dose
range 50–375 mg/day). All studies had a duration of 
6 weeks, with the exception of one that lasted 12 weeks.
Anxious-depressed participants taking venlafaxine
showed greater improvement than those under placebo
beginning at week 3, according to the HAM-D anxiety/
somatization factor score, and beginning at week 1,
according to the anxiety psychic item score. These effects
were maintained at endpoint. Moreover, venlafaxine
treatment caused highly significant (P < or = 0.001)
improvement in depression scores in patients who were
anxious at baseline when compared with participants
taking placebo. In one trial using imipramine as the
active comparator, an advantage for venlafaxine over
imipramine was observed by week 3 for both anxiety
variables in this study and maintained for the anxiety/
somatization factor. In the other two (one using tra-
zodone and one imipramine as the active controls), 
no consistent differences were detected between ven-
lafaxine and the active comparator. The authors of this
meta-analysis concluded that venlafaxine is effective in
relieving anxiety in patients who have anxiety associ-
ated with depression, and think of venlafaxine as an
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adequate single drug option for first-line treatment of
patients with comorbid anxiety and depression.

Venlafaxine XR was also studied in the treatment 
of outpatients with depression and anxiety (N = 359).
Silverstone and Ravindran (1999) conducted a ran-
domized double-blind, placebo-controlled study of the
efficacy and safety of once daily venlafaxine XR (dose
range 75–225 mg/day) and fluoxetine (dose range 
20–60 mg/day). Patients were randomly assigned to
once daily venlafaxine XR, fluoxetine, or placebo for
12 weeks. Venlafaxine XR and fluoxetine were signific-
antly superior (P < 0.05) to placebo on the HAM-D total
score beginning at week 2 and continuing through 
the study. At endpoint, the HAM-D response (reduc-
tion of 50% or more from baseline) was 43% for
placebo, 62% for fluoxetine, and 67% for venlafaxine
(P < 0.05). The HAM-A response (also defined as 
50% decrease in score from baseline) was significantly
higher with venlafaxine XR than with fluoxetine at
week 12. The authors concluded that venlafaxine XR
is an effective and well-tolerated option for the treat-
ment of major depression associated with anxiety and
appears to be superior to fluoxetine.

A case report of a patient with coexisting major
depression and OCD treated with venlafaxine was
reported by Zajecka et al. (1990). The authors present
a female patient who failed to respond to several other
conventional antidepressants but who, in her obsessive-
compulsive symptoms, responded to venlafaxine.

Conclusions

The possible common neurobiochemical roots of 
anxiety disorders and depression may partially explain
why antidepressants can be used for the treatment 
of anxiety disorder with clinical success. Even though
further double-blind research needs to be done, it is
clear that nefazodone, mirtazapine and venlafaxine may
represent useful tools in that area. Moreover, as previ-
ously stated, venlafaxine XR has already been approved
by the US Food and Drug Administration for the treat-
ment of GAD. Additionally, it is very common for 
different anxiety disorders to present concomitantly
with depression, which makes nefazodone, mirtazapine,
and venlafaxine a valuable option as a single drug
treatment, which may increase not only the treatment
efficacy but also its compliance and reduce the possible
drug interactions.
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Cognitive Behavioral Treatment 
of Anxiety Disorders
S.A. Falsetti, A. Combs-Lane & J.L. Davis

Empirical studies for CBTs for 
anxiety disorders

CBT treatment alternatives for post-traumatic 
stress disorder

CBT is widely used and highly effective in the treat-
ment of post-traumatic stress disorder (PTSD). Cognitive
processing therapy (CPT: Resick & Schnicke 1993),
developed for the treatment of PTSD in rape victims,
employs mainly a cognitive approach. This treat-
ment focuses on changes in cognition that result from
trauma. Stress inoculation training (SIT: Kilpatrick
et al. 1982) and multiple channel exposure therapy
(MCET: Falsetti 1997; Falsetti & Resnick 2000a,b)
are also CBTs. Prolonged exposure, developed by 
Foa and colleagues, is discussed in Chapter 24, and
thus, will not be further addressed in this chapter. 
We will review the components of the above men-
tioned treatments, and then present the research on
efficacy. For full descriptions of SIT, CPT, and MCET,
readers are referred to the following resources: (i) 
SIT: Kilpatrick et al. (1982), Veronen and Kilpatrick
(1983), Resick et al. (1988), Resnick et al. (1992), 
Foa et al. (1993); (ii) CPT: Resick and Schnicke
(1990), Resick (1992), Resick and Schnicke (1992,
1993), Calhoun et al. (1993); and (iii) MCET: Falsetti 
(1997); Falsetti and Resnick (2000a,b); Falsetti et al.
(2001).

Stress inoculation training
SIT, based on learning theory, was originally developed
from Meichenbaum (1974) stress inoculation and 
was adapted by Kilpatrick et al. (1982) and Veronen
and Kilpatrick (1983) to treat the fear and anxiety
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Introduction

There are now many cognitive behavioral interven-
tions available for the treatment of anxiety disorders.
In this chapter we will review cognitive behavioral
therapy (CBT) for the treatment of post-traumatic stress
disorder, generalized anxiety disorder, social phobia,
panic disorder, and obsessive-compulsive disorder. For
each disorder, we provide descriptions of treatment, as
well as review the literature on the efficacy of these
treatments. Overall, the research suggests that CBT is
an effective treatment option for those suffering from
anxiety disorders.

Common elements of CBTs across
anxiety disorders

CBTs for anxiety disorders are based on similar prin-
ciples, namely that anxiety affects physiological, 
cognitive, and behavioral domains of functioning. In
other words, the anxiety disorders generally include
symptoms across these domains and the CBTs are
aimed at these areas. Thus, most comprehensive CBT
protocols include components that target the physio-
logical symptoms of anxiety, such as progressive muscle
relaxation or diaphragmatic breathing, a cognitive
restructuring component that targets anxiety provok-
ing thoughts, and a behavioral component that targets
avoidance behaviors via imaginal or in vivo exposure.
In addition, for some disorders, such as generalized
anxiety disorder and obsessive-compulsive disorder,
there may also be a response prevention component in
which patients are instructed to refrain from engaging
in certain behaviors.
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suggested that when a person is exposed to informa-
tion that is schema discrepant, assimilation or accom-
modation takes place. Put simply, this means that when
something unusual happens that we cannot fit into 
a category (schema), or is not consistent with what 
we expect (i.e., rapes only happen to bad people who
walk in dark alleys at night), then we must either alter
the information (assimilation), or alter our schemas
(accommodation). Examples of assimilation include
self-blaming statements (“It must be my fault because I
was wearing a short skirt,” or “Maybe it wasn’t really
rape because I didn’t fight”), whereas accommodation
often results in extreme cognitive distortions (such as,
“I never feel safe,” “I trust no one,” and “I have to 
be in control at all times”). The goals of CPT are to
integrate the event, process emotions, and accommod-
ate schema, while maintaining or achieving a healthy
outlook and balanced perception of the world. Further-
more, the following beliefs, which McCann and col-
leagues (McCann et al. 1988; McCann & Pearlman
1990) have identified as being affected by victimization,
are also a focus of CPT: safety, trust, power, esteem,
and intimacy.

CPT provides exposure to the traumatic memory
and training in challenging maladaptive cognitions. This
treatment may be better than exposure alone because
it also provides corrective information regarding mis-
attributions or other maladaptive beliefs (Resick &
Schnicke 1993). CPT is focused on identifying and
modifying “stuckpoints,” which are inadequately pro-
cessed conflicts between prior schema and new 
information (i.e. the traumatic event). Stuckpoints are
also proposed to arise from (i) negative, conflicting
schemata imposed by others (victim blame); (ii) an
avoidant coping style, or (iii) no relevant schema in
which to store the information.

CPT, as described by Resick and Schnicke (1993),
can be conducted in either group or individual sessions,
and can be completed in 12 weekly sessions. The con-
tent of treatment includes a cognitive information pro-
cessing explanation of traumatic event reactions, and
writing assignments about the meaning of the event.
This is followed by education regarding basic feelings
and how changes in self-statements can affect emotions.
Patients are also taught how to identify the connections
between actions, beliefs, and consequences, and are
asked to write accounts of the traumatic event and read
it repeatedly. The accounts also expose stuckpoints. 

experienced by rape victims. SIT consists of three treat-
ment phases: education, skill building, and application
(Resick & Jordan 1988). Generally treatment requires
eight to 14 sessions, depending upon the individual
needs of the patient and the specific approach.

The first two sessions are psychoeducational in nature
and include an overview of treatment, a presentation
about how the fear response develops based on learn-
ing theory, information about sympathetic nervous
system arousal, and instruction in progressive muscle
relaxation. Patients are asked to practice progressive
relaxation and to identify cues that trigger fear reac-
tions. Practice of relaxation training, identification 
of fear cues, and identification of safety factors are
practised outside of sessions as homework.

The second phase of treatment focuses on skills
building and emphasizes the development of coping
skills. Most descriptions of SIT include diaphragmatic
breathing, thought stopping, covert rehearsal, guided
self-dialogue, and role playing (Kilpatrick et al. 1982;
Resick & Jordan 1988; Resnick & Newton 1992). In
addition, Resick and Jordan (1988) include the “quiet-
ing reflex,” a brief relaxation technique developed by
Stroebel (1983), and problem-solving techniques. These
techniques are described in the references provided
above, thus will not be described again here.

The final phase of treatment is the application phase
of treatment. The goal is to have patients integrate 
and apply the skills they have learned and to use the
following steps of stress inoculation: (i) assess the
probability of feared event; (ii) manage escape and
avoidance behavior with thought stopping and the
quieting reflex; (iii) control self-criticism with guided
self-dialogue; (iv) engage in the feared behavior; and
(v) use self-reinforcement. Patients are asked to develop
fear hierarchies in order to continue exposure work
after therapy has ended. The final session consists of a
review of the training program.

Cognitive processing therapy
CPT was developed by Resick and Schnicke (1990,
1992, 1993) for rape victims suffering from PTSD and
depression. Resick and Schnicke proposed that PTSD
consists of more than a fear network. Victims may 
also suffer from other strong feelings such as disgust,
shame, and anger. As a framework for understanding
how other intense emotions might develop, they have
highlighted the work of Hollon et al. (1988) who have
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In addition, several of the sessions focus on developing
skills to analyse and confront stuckpoints and other
maladaptive self-statements regarding the traumatic
event. This is followed by a series of sessions that cover
the five belief areas proposed by McCann et al. (1988).
The final session is devoted to review and planning for
the future.

Multiple channel exposure therapy
MCET was adapted from CPT (Resick & Schnicke
1993), SIT (Kilpatrick et al. 1982) and “mastery of your
anxiety and panic” (Barlow & Craske 1989) treat-
ments. The utility of this treatment approach is based
on the high prevalence of PTSD and panic attacks.
Generally, cognitive-behavioral treatments for PTSD
are hypothesized to work by exposure to the feared
memory of the traumatic event or by exposure to cues
(i.e., places, situations, smell, sounds) that are not 
in and of themselves dangerous, but which became
associated with fear at the time of a traumatic event.
During the course of these treatments the patient 
initially experiences high levels of physiological arousal
which, with successful treatment, decreases over the
course of repeated sessions until extinction occurs.
However, for patients who have panic attacks, and
who are fearful of the attacks this may be very over-
whelming, and thus not feasible. MCET is unique 
in that it provides exposure to physiological arousal
symptoms prior to cognitive and behavioral exposure.
This is hypothesized to decrease fear of physiological
arousal symptoms experienced in PTSD and panic
attacks, thus when exposure to traumatic memories
and cues is conducted, patients will be less fearful of
physiological reactions (Resnick & Newton 1992).

MCET is a 12-week treatment that has been con-
ducted in groups and individually, and is applicable
for individuals who have experienced many different
types of traumatic events. Exposure to the physio-
logical channel is conducted through interoceptive
exposure to physiological reactions. Exposure to the
cognitive channel is conducted through writing assign-
ments about the traumatic event. Finally, exposure to
the behavioral channel is conducted through in vivo
exposure to conditioned cues to the traumatic event.
Exposure to panic symptoms then serves not only to
decrease fear of the symptoms themselves, but also
provides exposure to the physiological component of
fear associated with trauma, and thereby weakens the

association of physiological arousal and the traumatic
memory.

In addition to the exposure components, MCET also
provides education about PTSD and panic symptoms,
and includes several cognitive components to address
distorted cognitions about trauma. Cognitive skills 
are employed to assist participants in challenging dis-
torted thinking and to fully process traumatic memories.
Worksheets addressing disruptions in beliefs about
safety, trust, esteem, and power/competency have been
adapted from CPT.

Efficacy of SIT, CPT and MCET
Studies that have investigated SIT, CPT, and MCET
have supported the efficacy of these treatments. Veronen
and Kilpatrick (1983) reported that SIT was effective
in treating fear, anxiety, tension, and depression in 
15 female rape victims treated with 20 h of SIT.
Veronen and Kilpatrick (1983) also conducted a 
comparison study; utilizing SIT, peer counseling, and
systematic desensitization. They reported that the
patients who completed SIT had improved from pre-
to post-treatment, but unfortunately no comparisons
among treatments could be conducted.

Foa et al. (1991) compared SIT, exposure treatment,
supportive counseling, and a no treatment control
group. The SIT approach in this study differed from
that described by Kilpatrick et al. (1982) in that it 
did not include instructions for in vivo exposure to
feared situations. Foa et al. reported that all of the
treatments led to some improvement in anxiety, de-
pression, and PTSD. SIT was indicated to be the most
effective treatment for PTSD at immediate follow-up,
whereas at a 3.5-month follow-up patients who had
participated in the exposure treatment had less PTSD
symptoms.

More recently, Foa et al. (1999) conducted another
study comparing prolonged exposure (PE), SIT and their
combination in female assault victims. As in the 1991
study, SIT was modified by excluding the in vivo expo-
sure component, so as not to be confounded with PE.
Participants were 79 women who had experienced a
physical or sexual assault and met the criteria for PTSD.
Treatment was conducted individually and consisted
of nine sessions, two times per week. Results from the
intent to treatment sample indicated that PE was super-
ior to SIT and PE-SIT on post-treatment anxiety and
global social adjustment at follow-up, and had larger
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in individual sessions (Resick & Schnicke 1993). A
large controlled study has recently been completed to
further test this treatment.

Falsetti and Resnick completed a controlled study of
MCET. Falsetti et al. (2001) reported on preliminary
data from the study. Data analyses were conducted on
the pretreatment variables of the randomly assigned
treatment group (N = 7), randomly assigned control
only group (N = 10) and the controls then treatment
(N = 5), to determine if there were any differences
among these groups. Results of these analyses indic-
ated there were no differences, thus the treatment data
of the “controls, then treatment” were combined with
data from treatment group. At post-treatment, only
8.3% of subjects in the MCET treatment condition met
criteria for PTSD compared to 66.7% of subjects in 
the minimal attention control group. Panic attacks and
related symptoms also decreased significantly. All sub-
jects were experiencing panic attacks at the initial eval-
uation. At the post-evaluation, 93.3% of the minimal
attention control group subjects had experienced at
least one panic attack in the past month, compared 
to only 50% of the treatment group. Interference of
the panic attacks in the past month was assessed on a
0–4 point scale. Pretreatment both groups reported
moderate to severe interference. Post-treatment the
control group did not change, whereas the treatment
group mean dropped significantly to below mild.
Finally, both groups experienced a decrease in depres-
sive symptoms as measured by the Beck Depression
Inventory (BDI).

Marks et al. (1998) completed a controlled study with
87 patients comparing PE alone, cognitive restructur-
ing alone, combined PE and cognitive restructuring, and
relaxation without prolonged exposure or cognitive
restructuring. They found that exposure alone, cognit-
ive restructuring alone, and exposure plus cognitive
restructuring, all produced marked improvement and
were generally superior to relaxation training alone.
Therapists conducting the treatment in the study
reported that doing the combination treatment was
more difficult than doing either alone. Interestingly,
combining these two treatments did not appear to
enhance treatment effect. However, similar to Foa et al.
(1999) study, the combination treatment was given 
in the same amount of time as the other treatment
alone, thus patients may not have had enough time 
to thoroughly integrate all they had learned. Other
studies that have compared CBT with exposure therapy

effect sizes on PTSD severity, depression, and anxiety,
whereas SIT and PE-SIT did not differ significantly from
each other on any outcome measure. Results using only
treatment completers indicated that all three active
treatments reduced PTSD and depression compared to
women randomly assigned to a wait-list control group
and that these gains were maintained at 3-, 6- and 12-
month follow-ups. There are several alternative expla-
nations for the superiority of PE compared to the other
treatments. First, there was a trend towards signific-
ance for more women who did not work in the PE-SIT
(43%) and SIT (30%) groups compared to the PE (19%)
and control groups (8%). It is possible that the women
who did not work may have been more functionally
impaired in ways that were not assessed and that 
this interfered with their ability to participate in treat-
ment. Indeed, more women also dropped out from
these groups. Alternatively, it is also possible that
more women actually got better and dropped out 
for this reason, thus reducing the success rates of the
these treatments compared to SIT in the intent-to-treat
analyses. It is also possible that the added load of doing
both treatments in the same amount of time did not
allow for enough time to develop the coping skills in
SIT. Finally, an important component of SIT, in vivo
exposure was left out, which may have decreased the
effectiveness of SIT.

Resick et al. (1988) compared SIT, assertion train-
ing, and supportive psychotherapy plus information,
and a wait-list control group. They reported that all
three treatments were effective in reducing symptoms,
with no significant differences between treatments. The
patients on the wait-list control did not improve. At 
a 6-month follow-up, improvement was maintained in
relation to rape-related fears, but not on depression,
self-esteem, and social fears.

Results of CPT have been promising. Resick and
Schnicke (1992) reported significant improvements
with CPT on depression, and PTSD measures pretreat-
ment to 6-months post-treatment for 19 sexual assault
survivors who were at least 3 months postrape at the
start of treatment. Therapy was conducted in group
format over 12 weeks and a wait-list control group
was also employed. Rates of PTSD went from a pre-
treatment rate of 90% to a post-treatment rate of 0%.
Rates of major depression decreased from 62% to
42%. Further evaluation of the treatment indicates
usefulness of both group and individual formats, with
somewhat higher efficacy for treatment administered
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include a study with refugees (Paunovic & Öst 2001),
and a study by Tarrier et al. (1999a,b). These studies
suggest that CBT and exposure are equally effective in
reducing the symptoms of PTSD. However, given that
many of these treatments are reporting good end-state
functioning in only a proportion of patients (Marks 
et al. 1998: 53% exposure, 32% cognitive restructur-
ing, 32% exposure + cognitive restructuring; Foa et al.
1999: 57% exposure, 42% SIT, 36% PE-SIT; Tarrier
et al. 1999a: 59% exposure, 42% cognitive therapy
[CT]), it would seem a worthwhile endeavor to con-
duct treatment outcome studies with combinations 
of cognitive and behavioral techniques over a longer
period of time to determine if this would improve out-
come for a larger number of PTSD sufferers.

Generalized anxiety disorder

There is a growing literature regarding the efficacy of
cognitive behavioral treatments for generalized anxiety
disorder (GAD). These generally include components of
treatments that are directed at reducing physiological
symptoms, but are also more comprehensive in that
they are directed at other prominent aspects of GAD
including attentional biases, worry and worry behavi-
ors. In reviewing the treatment outcome literature for
CBT of GAD, we identified 13 controlled clinical trials.

The CBT approaches developed for the treatment of
GAD generally include teaching coping skills such as
relaxation training for the somatic symptoms, teach-
ing cognitive restructuring skills for the catastrophic
thoughts associated with GAD, and providing exposure
and response prevention to worry behaviors. Brown
et al. (1993), for instance, have developed a 12–15 
session manualized treatment that begins with psycho-
education about anxiety, teaches progressive muscle
relaxation and uses cognitive restructuring to chal-
lenge worrying thoughts. In addition, worry exposure
is conducted which requires the patient to use imagery
to expose themselves to the worst feared outcome of
their worry and to generate alternative outcomes. 
This procedure is designed to habituate the patient to
their worries and worst possible outcomes as well to
enable them to consider alternative outcomes. Finally,
patients are taught to decrease worry behaviors, such
as repeated safety checking behaviors, and to better
manage their time and problem solving.

Similarly, Borkovec & Roemer (1996) describe a
comprehensive treatment package that includes relax-

ation training, cognitive restructuring and behavioral
components. Unique to this treatment are the use of
self-monitoring and early cue detection in various 
arenas (i.e., images, thoughts, physiological reactions,
emotions, and behaviors), and self-control desensitiza-
tion to elicit affect and to counter avoidance. Further,
given the inflexible nature of GAD, the authors empha-
size the instruction of numerous skills for each com-
ponent of treatment and encourage patients to utilize
different methods to increase their coping repertoire.

Evidence for the efficacy of these types of therapies
has been found in several studies. Overall, the findings
indicate that CBT is an efficacious option for the treat-
ment of GAD. All of the CBT treatments were found 
to be significantly better than no treatment, reporting
rates of 40–60% improvement (Butler et al. 1987;
Durham & Turvey 1987; Barlow et al. 1992; Borkovec
& Costello 1993; Durham et al. 1999).

Butler et al. (1991) randomly assigned 57 participants
to one of three conditions: CBT, behavior therapy (BT)
alone, or a wait-list control group. Of these, CBT 
was found to be the most effective and long lasting.
The CBT conditions was based on the work of Beck
et al. (1985), and the BT condition consisted of anxiety
management training, which focused on progressive
muscle relaxation, breathing retraining, and exposure,
but did not include cognitive components. Results
indicated that at post-treatment, the CBT group showed
significant improvement compared to the wait-list
control group on 15/16 measures, and 6/16 compared
to the BT group; whereas the BT group was signific-
antly improved on 4/16 measures, compared to the
wait-list control group. Results were maintained at the
6-month follow-up with the CBT group doing better
on 3/6 measures of anxiety, 1/4 measures of depres-
sion, and 5/6 measures of cognition. Based on a score
for clinically significant change, they found that 32%
of CBT and 16% of BT groups met the criteria at post-
treatment, and 42% of CBT and 5% of BT met the 
criteria at the 6-month follow-up. Finally, while 47%
of the sample was taking medications at the beginning
of treatment, only three patients (5%) in the overall
remained on medications at the end of the study.

Barlow et al. (1992) in a comparison study of relaxa-
tion, CT, relaxation plus CT, and wait-list control
conditions, found all treatments to be about equally
effective compared to no treatment. Relaxation con-
sisted of applied progressive muscle relaxation, and
CT was based on the work of Beck et al. (1985).
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all assigned to the low contact condition. Eighty of 
the original 110 patients completed the treatment and
there were no significant group differences in drop-out
rates. No effects were found for contact or treatment
by contact. At post-treatment and follow-up, CT was
superior to AP with 60% and 20%, respectively, 
scoring in the normative range of functioning. The low
contact conditions were compared across all three
groups and results indicated that at post-treatment,
CT was superior to AP, but there were no significant
differences between AM and CT. At follow-up, CT
and AM were superior to AP, and CT showed the
broadest improvement in functioning overall. Durham
et al. (1999) later conducted a 1-year follow-up to this
study, and reported that CT remained superior to AP.

In addition to these studies, findings of treatment
outcome studies of Durham and Turvey (1987),
Borkovec and Mathews (1988), White et al. (1992),
and Bowman et al. (1997) also lend support to the
efficacy of CBT for GAD. White et al. (1992) reported
that CT, behavioral therapy and cognitive behavioral
treatment (all group therapies) were all equally effect-
ive and more effective than a placebo condition or
wait-list control. Durham and Turvey (1987) com-
pared CT and BT and found them to be about equally
effective; reporting improvement rates of 50–60%.
Borkovec et al. (1987) compared CT with ND therapy
and, later, in another study (Borkovec & Costello 1993)
with self-control desensitization and ND therapy, and
found that all groups improved. Bowman et al. (1997)
compared self-examination therapy with a wait-list
and found it to be better; however, the percentage of
subjects with clinically significant change was some-
what low, suggesting that perhaps CT and CBTs may
continue to be more efficacious treatment choices.
Although cognitive behavioral techniques have been
shown to be effective in the treatment of GAD, a recent
report suggests that other treatments, which lack the
same level of empirical support, are nonetheless being
used more consistently than are cognitive behavioral
treatments (Goisman et al. 1999).

Controlled comparisons of pharmacological and non-
pharmacological treatments are still relatively sparse
in the area of GAD treatment. We were able to find
three such studies and review these here. Lindsay et al.
(1987) compared CBT, anxiety management training
(AMT), benzodiazepine treatment, and a wait-list 
control group. There were 40 participants who were
randomly assigned to treatment, with treatment lasting

Results indicated that all treatment groups showed
significant improvements relative to the wait-list con-
trol and these gains were maintained at the 2-year 
follow-up. No differences were found among treatment
groups in terms of the assessment measures, treatment
responders, or high end-state functioning. Further, for
those individuals taking anxiolytic medication, their
use decreased significantly across treatment and follow-
up. Of interest, patients in the applied relaxation group
did as well as the other groups with respect to end-state
functioning, indicating that perhaps other compon-
ents of treatment were not necessary. However, upon 
further examination, it was noted that the drop out
rates for this group were much higher (38%) than 
for the other active treatments (24% CT; 8% CBT).
Limitations of this study include high attrition rates,
which restrict the conclusions that can be drawn from
the results, and there was somewhat high residual 
anxiety in many patients.

In a similar study, Borkovec and Costello (1993)
compared applied relaxation (AR), CBT (using the treat-
ment package described above by Borkovec & Roemer
(1996), and nondirective (ND) treatment. Sessions were
held twice a week for 12 sessions. Results indicated
that AR and CBT were superior to the ND treatment at
the post-treatment assessment, and were not different
from each other. At the 12-month follow-up, treatments
gains were noted for both the AR and CBT groups,
with the latter showing more significant improve-
ments. The ND group showed losses in previous gains
at follow-up. Although it appears that the ND group
did not fare as well as the other treatments, a full 25%
still met criteria for high end-state functioning at 1 year,
suggesting that more research needs to determine 
if ND treatment may be adequate for a segment of
GAD patients (1996). Indeed, other studies have also
found positive results using ND treatments with this
population (Blowers et al. 1987; Borkovec et al. 1987;
Borkovec & Mathews 1988).

Durham et al. (1994) compared CT, analytic psy-
chotherapy, and anxiety management in 110 patients
(32% male, 67% female) referred by a psychiatrist or a
general practitioner. Patients were randomly assigned
to one of three treatments, CT, analytic-based psycho-
therapy (AP), or anxiety management (AM). Addition-
ally, participants in the CT and AP were randomly
assigned to either “high contact” (16–20 sessions 
over 6 months) or “low contact” (8–10 sessions over 
6 months), whereas patients in the AM treatment were
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4 weeks in duration. In the drug condition, lorazepam
was administered, starting with 1 mg three times a day
for 10 days, 1 mg twice a day for 10 days, and 1 mg as
needed for the last 10 days. Results indicated that the
drug treatment was associated with the greatest initial
improvement; however, the benefits for this group
decreased over time. In contrast, the CBT and AMT
groups made significant and consistent improvements
throughout treatment, and were not different from each
other. At a 3-month follow-up, comparisons between
the CBT and AMT groups revealed the groups had
maintained their treatment gains.

Power et al. (1989) randomly assigned 31 patients
to either CBT, diazepam, or placebo. In the drug con-
ditions, patients received placebo for 1 week and then
5 mg of either diazepam or placebo three times per day
for 6 weeks, followed by 2 weeks of placebo. CBT was
based on Beck & Emery’s work (A.T. Beck & G. Emery
(1979) Cognitive therapy of anxiety and phobic dis-
orders. Unpublished Treatment Manual of the Center
for Cognitive Therapy, Philadelphia) and included pro-
gressive muscle relaxation. In addition, graded exposure
was utilized to decrease anxiety. Results indicated that
CBT was superior to diazepam and placebo at the post-
treatment assessment. With respect to rates of treat-
ment seeking in the 12-months following the study,
30% of the CBT group, 70% of the diazepam group,
and 55% of the placebo group sought either pharma-
cological or nonpharmacological treatment.

Power et al. (1990) extended their previous study by
comparing CBT, diazepam, placebo, the combination
of CBT plus diazepam, and the combination of CBT
plus placebo. Patients included 19 men and 72 women
who were randomly assigned to groups. Participants
in the drug conditions (diazepam or placebo) were
given a placebo three times per day for the 1st week,
followed by 6 weeks of either diazepam or placebo. In
the diazepam condition, participants received graded
withdrawal for the remaining 3 weeks. The CBT group
had a maximum of seven sessions over a 9-week period.
Results at post-treatment and 6-month follow-up
revealed that CBT, including CBT alone and the com-
bination of CBT and diazepam, was superior to other
treatments. Further, compared to other treatments,
CBT was associated with fewer participants seeking
treatment in the follow-up period.

In summary, CBT appears to be an effective treat-
ment for GAD. Because GAD has a strong cognitive
component, the inclusion of cognitive techniques to

challenge worry thoughts seems particularly salient. 
It is not known how much imaginal exposure adds to
the cognitive components. In the future, dismantling
studies that address this would be helpful. It is also
unclear how effective a CBT treatment protocol would
be compared to a protocol focusing only on in vivo
exposure and response prevention. Additional com-
parative studies of this nature would assist in develop-
ing the most effective and efficient treatments for GAD.

CBT for social phobia

It has only been in recent years, as social phobia (SP)
has become recognized as a significant mental health
problem, that cognitive behavioral researchers have
begun investigating the effectiveness of CBT for this
disorder. Despite the relative “newness” of this area,
however, considerable research has been conducted.
Several types of behavioral and cognitive behavioral
techniques and treatments have been investigated,
including systematic desensitization, imaginal flooding,
applied muscle relaxation, graduated exposure, social
skills training, cognitive approaches, and combined
cognitive restructuring and graduated exposure (Schneier
1991). It is beyond the scope of this paper to review
every study conducted in this area, and, thus, we 
refer the reader to more comprehensive reviews of this
literature (Turner et al. 1992; Heimberg et al. 1993;
Shear & Beidel 1998) and to the chapter on behavioral
therapy of anxiety disorders. Our purpose will be to
highlight some of the CBT studies that have been con-
ducted, to demonstrate the breadth of CBT protocols
that have been investigated, and to provide the reader
with a representative overview of the effectiveness of
these treatments both in comparison to other cognitive
behavioral treatments and to pharmacotherapy.

Social skills training is probably one of the earliest
interventions for SP (Turner et al. 1992). Social skills
training is based on the underlying theory that social
phobics have inadequate or inappropriate social skills
that contribute to their social anxiety. However,
research in this area suggests that this is only true for a
subset of social phobics (Emmelkamp et al. 1985).
Despite this apparent limiting factor of social skills
training, Turner et al. (1992) point out that, regardless
if social skills are actually a problem, training provides
counterconditioning through behavioral rehearsal, and
thus, may be beneficial to all social phobics, regardless
of level of social skills.
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include cognitive components. Heimberg and colleagues
have developed a cognitive-behavioral group therapy
(CBGT) for SP that has received considerable invest-
igation. Heimberg et al. (1990) compared CBGT to 
a placebo treatment group. The treatment consisted 
of 12 group sessions for 49 subjects. CBGT included
education about anxiety, as well as cognitive restruc-
turing and exposure components. The placebo condition
included presentations about anxiety, and discussion
of coping methods for difficult situations. The CBGT
group demonstrated significantly better improvement
than the placebo group on ratings of phobic severity 
at post-treatment and 6-month follow-up. Differences
were not found on maximum anxiety ratings or the
ratio of positive to negative thoughts or on self-report
instruments at post-treatment. However, at 6-month
follow-up the CBGT group was significantly better
than the placebo group on maximum anxiety ratings
and ratio of positive to negative thoughts compared to
the placebo group. A subset of these subjects (N = 19)
were later recontacted and agreed to participate in 
a long-term follow-up study (Heimberg et al. 1993).
Patients were assessed an average of 5.5 years after they
had finished treatment. The patients who had received
the CBGT had higher functioning on several measures
compared to those who underwent the placebo condi-
tion. Overall, 89% of the CBGT and 44% of the
placebo patients were judged to be clinically improved
by independent raters.

CBGT has also been compared to exposure alone and
a wait-list control (Hope et al. 1990, paper presented at
the annual meeting of the Phobia Society of America,
Washington, D.C.). Both of the active treatments were
found to be more effective than no treatment, and CBGT
was found to be more effective than exposure alone in
reducing anxiety in a behavioral test. However, the
exposure alone treatment was found to be more effec-
tive than CBGT on several other measures at post-test.
At follow-up, there were no differences in the two active
treatments. The investigators noted that the patients
receiving CBGT in this study had improved substant-
ially less than in their other studies, and they were unsure
how to interpret this or the above finding. Overall,
however, the findings of Heimberg and colleagues
have been impressive and warrant further investiga-
tion. In addition to the studies described here, other
researchers have also investigated CBTs that include
exposure and cognitive restructuring components
(Mattick et al. 1989) and report favorable results.

Social skills training typically includes instruction,
modeling, role rehearsal, self-monitoring, and home-
work practice. Investigations of social skills training
have generally yielded mixed results. Falloon et al.
(1981) investigated the efficacy of social skills training
with 16 social phobics and found significant improve-
ment on self-report instruments, but no change on in
vivo performance from pre- to post-treatment.

Stravynski et al. (1982) added a cognitive restructur-
ing component to social skills training and compared
this to social skills training in 22 social phobics who
also had a diagnosis of avoidant personality disorder.
They found no group differences post-treatment in the
two groups, suggesting that the cognitive restructur-
ing component did not add significantly to treatment
effects. When treated and untreated behaviors were
compared, results indicated that frequency of perform-
ance and associated anxiety improved in both groups.
Lucock & Salkovskis (1988) investigated the efficacy
of a cognitive social skills training with eight subjects
and found marked improvement.

Butler et al. (1984) compared exposure therapy
alone with exposure therapy plus AM and a wait-list
control. Both treatment groups demonstrated signific-
ant improvements compared to the wait-list control
group. Comparisons of the two treatment groups indic-
ated that the exposure plus AM groups showed more
improvement on the Fear of Negative Evaluation Scale
and the Social Avoidance and Distress Scale. Follow-
up at 6 months indicated that the exposure plus AM
group had significantly more improvement on these
same scales and several other self-rating subscales. Dif-
ferences were not found on clinical ratings, the Beck
Depression Inventory, or several subscales of the Fear
Questionnaire.

Emmelkamp et al. (1985) conducted a study com-
paring the effectiveness of exposure, rational-emotive
therapy, and self-instructional training in 34 socially
phobic subjects. Results indicated no significant dif-
ferences in self-report measures between groups at
post-treatment. However, rational-emotive subjects
had lower scores on the Phobic Anxiety Scale than 
self-instructional subjects. Exposure subjects did not
differ from these two treatments combined. A 1-month
follow-up indicated that the exposure group scored
significantly lower on the Phobic Anxiety Scale com-
pared to the other two groups combined.

In addition to social skills training and therapies
that largely consist of exposure, some treatments also
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Studies comparing cognitive behavioral treatments
to pharmocotherapy have also been conducted with
social phobics, although more research in this area 
is needed before any firm conclusions can be drawn.
Clark and Agras (1991) conducted a comparison study
of buspirone alone, buspirone plus CBT, CBT with
placebo, and placebo alone. These researchers reported
that the CBT groups improved significantly more than
the drug only groups. The buspirone group did not
appear to be significantly different than the placebo
group. In fact, the CBT plus placebo group did better
than the CBT plus buspirone group. These findings
could be interpreted to indicate that buspirone may
decrease the effectiveness of CBT for SP.

Gerlenter et al. (1991) compared cognitive beha-
vioral group treatment with phenelzine, alprazolam, 
and placebo in a sample of 65 patients. In the medica-
tion groups, patients were also instructed to do 
self-exposure to phobic situations. All treatments,
including the placebo plus self-instruction exposure
resulted in improvements on self-report measures. The
results indicated that phenelzine was superior on a
measure of trait anxiety; however, other results for
between-group comparisons indicated that treatment
effects were very similar at follow-up. At a 2-month
follow-up, patients who received CBGT or phenelzine
had maintained their gains and those who received
alprazolam or placebo had deteriorated.

Overall, the investigations of cognitive behavioral
treatments for SP have indicated that these procedures
are superior to no treatment, to placebo, and to some
medications. In comparison to phenelzine these treat-
ments appear to be at least equally effective. However,
replications and further study of these treatments are
needed.

CBT for panic disorder

CBT for panic disorder (PD) consists of a variety of
techniques, and treatment typically includes relaxa-
tion training, cognitive restructuring, and exposure
therapy. CBT is provided in a structured format and
generally consists of 12–16 sessions. Patients are
instructed to complete homework assignments between
therapy sessions, such as reading educational materials,
monitoring and recording thoughts and behaviors,
and engaging in practice exercises.

CBT for PD routinely involves the introduction 
of relaxation training in the initial stages of therapy 

to target physiological arousal symptoms. In addition
to decreasing arousal levels, relaxation training has
been posited to decrease anticipatory anxiety and
avoidance behaviors, improve habituation to anxiety
during exposure, and enhance information processing
(Rachman 1980; Michelson & Marchione 1991). 
Two forms of relaxation training have been employed
in CBT for PD: breathing retraining and progressive 
muscle relaxation.

Research indicates that hyperventilation is involved
in the occurrence of panic attacks for approximately
50–80% of panic attack sufferers (Garssen et al. 1983).
Breathing retraining addresses symptoms of hyper-
ventilation by promoting abdominal breathing in a
slow, rhythmic pattern. Patients are first provided with
an explanation of the physiological basis of hyper-
ventilation, followed by an in-session demonstration of
the effects of over-breathing. Then, patients are taught
to breathe comfortably at the rate of 8–10 breaths/min,
and to apply this technique during stressful situations.

Chronic anxiety, also referred to as anticipatory
anxiety, and tension are also commonly experienced
by individuals with PD. Progressive muscle relaxation
(PMR) is a relaxation technique that is designed to 
target persistent anxiety symptoms. PMR involves a
systematic procedure of tensing and relaxing specific
muscle groups, focusing on one muscle group a time.
PMR was originally developed by Jacobson (1938),
modified by Wolpe (1958), and standardized in its 
current form by Bernstein and Borkovec (1973). More
recently, Öst (1987) introduced a version of AR that
teaches patients to utilize cue-controlled relaxation in
various settings, including stressful situations in which
panic attacks are likely to occur.

In addition to targeting physiological symptoms of
anxiety, CBT addresses cognitive processes that are
believed to maintain both the recurrence of acute panic
episodes and persistence of anticipatory anxiety and
avoidance. Cognitive restructuring is a key component
of CBT for PD and is designed to address maladaptive
beliefs and cognitions. The patient is taught to identify
core cognitions associated with anxious responding,
such as overestimating the probability of dangerous
events or imagining the worst possible outcome. In
addition, cognitive restructuring for PD targets cognit-
ive misappraisals that normal bodily sensations are
frightening, dangerous, or potentially lethal (Beck &
Emery 1985; Clark et al. 1985; Clark 1986). Patients
are taught to identify dysfunctional thoughts, schemas,
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guide or with the assistance of a therapist. The book
provides psychoeducation about the etiology and
nature of PD, covers relaxation, breathing retraining,
cognitive restructuring, and exposure, and instructs
the reader in how to implement these techniques. In
controlled studies, findings indicate that this self-help
treatment was superior to wait-list control conditions,
and as effective as therapist-directed treatments using
the same protocol in both individual and group formats
(Gould et al. 1993; Lidren et al. 1994; Gould & Clum
1995). This line of research provides additional sup-
port for the efficacy of CBT for PD, and suggests that
effective treatment may be possible for individuals
who do not have access to, or cannot afford, treatment
provided by a mental health professional.

The efficacy of CBT for PD has been studied in 
a number of controlled research trials. Comparative
studies and reviews have consistently found CBT for
PD to be as effective or superior to alternative treat-
ments (Clum 1989; Michelson & Marchione 1991;
Gould et al. 1995). In a meta-analysis, Gould et al.
(1995) found cognitive-behavioral treatments for PD
to be associated with the highest mean effect size (ES:
ES = 0.68), followed by the combination of CBT and
pharmacological treatments (ES = 0.56) and pharmaco-
logical treatments alone (ES = 0.47).

Oei et al. (1999) reviewed 35 empirical studies 
evaluating treatments for PD with agoraphobia, includ-
ing 20 studies that compared CBT to other treatments 
or compared components of CBT. Across the studies,
cognitive restructuring, paradoxical interventions,
breathing and relaxation training, various exposure-
based treatments, and pharmacological treatments were
used. Although the studies differed with respect to the
outcome measures that were administered, CBT was
generally effective in reducing the frequency and severity
of panic attacks and fear and avoidance behaviors. A
number of studies also found indirect benefits associ-
ated with CBT, including reductions in general anxiety
and depression, as well as improvements in behavioral
and cognitive measures.

Focusing solely on studies evaluating CBT for PD, 
it is difficult to draw conclusions about the “best” 
CBT treatment. For one, a large number of treatment 
combinations exist, and there are relatively few studies
examining specific combinations. Second, each study
tends to employ a slightly different treatment protocol,
varying with respect to the information that is presented
and the duration of treatment. The one exception is

and beliefs, and to modify beliefs related to anxiety,
avoidance behaviors, and panic attacks. With respect
to somatic sensations, individuals are taught to recog-
nize and modify distorted beliefs about the potential
consequences of bodily sensations.

Exposure-based techniques are utilized in both CBT
and behavioral therapies for treating the spectrum of
anxiety disorders. In the case of CBT for PD, both in
vivo and interoceptive exposure are used to extinguish
anxiety and avoidance behaviors. In vivo exposure
involves exposure to activities and situations that were
previously avoided and is therefore, particularly useful
for agoraphobic avoidance behaviors (see Chapter 24).
Interoceptive exposure is designed to extinguish anxiety
associated with physical sensations that are misinter-
preted as frightening or dangerous. Patients engage in
exercises that induce physical sensations that are similar
to those experienced during a panic attack. For instance,
cardiac-related symptoms are produced by having
patients run up a flight of stairs, while hyperventila-
tion symptoms are created by having patients breathe
through a narrow straw. The patient is encouraged to
use cognitive restructuring to correct misappraisals
that may arise during the exposure exercise. Through
repeated exposure to the feared sensations, anxiety
and avoidance behaviors are eliminated.

Several manualized treatments have been developed
to target the symptoms of PD with and without agora-
phobia. Although these treatments generally employ
similar techniques, they differ with respect to the tar-
get population for which they were developed. Panic
control treatment (PCT), developed by Barlow and
Craske (1989), was created for use in an individual
therapy context and includes interoceptive exposure,
cognitive restructuring, and breathing retraining com-
ponents. The manual, Mastery of Your Anxiety and
Panic (MAP: Barlow & Craske 1989), is presented in 
a workbook format and includes reading materials
and monitoring forms. PCT has subsequently been
modified and incorporated into treatment designed 
to assist individuals with discontinuation of anxiety
medication (Hegel et al. 1994; Spiegel et al. 1994; Bruce
et al. 1995, 1999; Otto et al. 1996), and has also been
implemented in both group (Otto et al. 1999) and self-
directed formats (Hecker et al. 1996).

Several other CBT protocols have been introduced
that have been shown to be effective at reducing panic
symptoms. Clum (1990) published Coping with Panic,
a resource that was designed to be used as a self-help
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with panic control treatment (PCT). A series of studies
have been conducted examining the effectiveness of
PCT, and treatment has been conducted similarly across
studies. The initial data indicated that PCT alone and
PCT combined with relaxation had substantial benefits,
with 85% and 87% of respective group participants
reporting no panic attacks at the post-test, compared
to 36% of the wait-list control group and 60% of 
the relaxation group (Barlow et al. 1989). A 2-year 
follow-up of this study revealed that the greatest long-
term benefits were associated with PCT alone, with
81% of participants remaining panic free, compared
to only 43% of participants in the combined PCT and
relaxation condition and 36% of the participants in
the relaxation alone condition (Craske et al. 1991).
Thus, PCT was effective over both the short- and long-
term, while PMR produced initial benefits that were
not maintained at follow-up.

Subsequent studies have examined the efficacy of
PCT relative to pharmacological treatments. Klosko
et al. (1990) evaluated the efficacy of PCT compared to
alprazolam, drug placebo, and wait-list control condi-
tions. Findings at post-treatment showed PCT to be
superior to all other conditions based on the propor-
tion of participants who were panic-free (87% in the
PCT condition, 50% in the alprazolam condition,
36% in the drug placebo condition, and 33% in the
wait-list condition). In addition, Barlow et al. (2000)
compared PCT to imipramine, the combination of
PCT and imipramine, drug placebo, and the com-
bination of PCT and placebo. Findings indicated that
both imipramine and PCT were superior to placebo.
However, imipramine demonstrated greater short-term
benefits with respect to panic severity ratings, whereas
PCT was associated with fewer adverse reactions and
greater long-term benefits.

The efficacy of various CBT combinations has been
examined across multiple studies, with mixed results.
Studies have demonstrated that paradoxical inter-
vention is more effective than the combination of
exposure and paradoxical intervention (Ascher 1981),
that exposure-based therapies are more effective than
cognitive restructuring (Emmelkamp et al. 1978), and
that cognitive restructuring is more effective than
guided mastery (Hoffart 1995). However, studies have
also been inconclusive, particularly in comparing the
effectiveness of CBT vs. exposure therapy.

Overall, research supports the use of both CBT and
exposure therapy. However, it is still unclear whether

CBT, which includes both cognitive and exposure
components, is advantageous compared to exposure
therapy alone. Numerous studies have found that 
cognitive restructuring and exposure therapy are equ-
ally effective in treating PD (Emmelkamp & Mersch
1982; Marchione et al. 1987; Michelson et al. 1988;
Öst 1987, 1988; Öst et al. 1993; Beck et al. 1994;
Bouchard et al. 1996; Burke et al. 1997). Research also
indicates that the combination of cognitive restructur-
ing or relaxation training with exposure therapy is
equally as effective as exposure therapy alone (Murphy
et al. 1998). Therefore, it has been argued that the 
logical choice is the treatment containing fewer com-
ponents (i.e., exposure), which theoretically requires
less time to implement. However, this remains an
empirical question, and additional research is needed
to determine the effectiveness of specific techniques
through dismantling studies.

A number of dismantling studies have been con-
ducted, including comparisons of different relaxation
techniques and comparisons of CT versus exposure-
based techniques. As previously noted, one challenge
in evaluating the effectiveness of CBT treatments for
PD is the inclusion of multiple treatment components in
a single treatment. Furthermore, the rationale for treat-
ment often proposes that each component is essential
and that various components are interdependent, mak-
ing it difficult to isolate and test the effectiveness of
specific components. For instance, in the case of breath-
ing retraining, protocols typically include both cognitive
restructuring and interoceptive exposure. Similarly,
cognitive restructuring is routinely conducted in con-
junction with behavioral techniques, including exposure-
based components. Although cognitive therapists argue
that it is through alterations in cognitive processing
that individuals achieve a reduction in panic symptoms
and a change in behavior, behavior therapists pro-
pose the opposite, that behavior change brings about
alterations in cognition.

Relaxation training has received considerable atten-
tion in dismantling studies. Research by Clark and 
colleagues (Clark et al. 1985; Salkovskis et al. 1986)
supports the use of breathing retraining for correcting
anxiety-producing misinterpretations of hyperventilat-
ory symptoms during panic attacks. However, only a
few comparative studies have examined the efficacy of
breathing retraining relative to other CBT techniques,
and findings have been inconclusive. One study found
breathing retraining to be equally effective to in vivo
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and included self-instruction training (Meichenbaum
1977). Participants were taught to record their negat-
ive thoughts, to develop positive self-instructions, and
to recognize alternative explanations for negative
emotions. All three conditions were equally effective in
reducing anxiety and fears, and decreasing measures of
behavioral avoidance. However, all conditions included
instructions to engage in self-exposure. As Öst et al.
acknowledged, this limits the conclusions that can be
drawn about the findings in that self-exposure itself
has been shown to be an effective treatment for PD.

Clearly, there is a need for additional dismantling
studies examining the relative effectiveness of CBT
techniques. Because of the manner in which many CBT
techniques are interdependent, it is quite challenging
to isolate specific components in the context of treat-
ment. Despite these limitations, there is a growing body
of literature that supports the efficacy of various CBT
techniques and their combination in the treatment 
of PD.

CBT for obsessive-compulsive disorder

Cognitive behavioral treatments for obsessive-
compulsive disorder (OCD) include both exposure-based
techniques and CT. Similar to other CBT protocols,
treatment for OCD is implemented in a time-limited
format, consisting of 12–16 sessions. Because of factors
that may interfere with the patient’s motivation for
treatment, such as high levels of distress and depressed
mood, sessions may be scheduled twice per week in the
initial stages of treatment. In addition, CBT therapists
emphasize the importance of regular attendance, 
especially once exposure with response prevention is
initiated (Steketee 1993). Since there is great variety
among patients with respect to the content of their
obsessions and compulsions, CBT is typically con-
ducted in the context of individual therapy. However,
the effectiveness of group treatment for OCD has
recently been investigated (McLean et al. 2001).

Exposure-based techniques, such as systematic
desensitization, in vivo and imaginal exposure, and
exposure combined with response prevention (i.e., pre-
vention of performing rituals), have been employed in
the treatment of OCD. Exposure is designed to pro-
mote habituation of anxiety associated with obsessions
and eliminate engagement in compulsive behaviors. In
vivo exposure involves exposure to real-life situations
(e.g. touching a surface that may be contaminated 

exposure in the short term, and more effective at 6-
month follow-up (Bonn et al. 1984). In contrast, other
studies have found breathing retraining to produce in-
ferior results compared to in vivo exposure and intero-
ceptive exposure (de Ruite et al. 1989; Craske et al.
1997). Based on their review of the literature, Garssen
et al. (1992) suggested that breathing retraining may
only be effective to the extent that it provides individuals
with a method of distraction and a sense of control. 
In contrast, Ley (1993) responded to Garssen et al.’s
review, arguing that breathing retraining is an effective
treatment for reducing PD symptoms.

In contrast to Craske et al.’s (1991) finding that
PMR did not have long-term benefits for reducing
panic symptoms, other studies have found AR to be 
an effective treatment (Öst 1988). After receiving AR
training, Öst (1988) reported that 100% of partici-
pants were panic-free at follow-up. Subsequent con-
trolled studies have found AR to be equally effective
compared to CT and in vivo exposure (Michelson et al.
1988; Michelson & Marchione 1991; Öst et al. 1993;
Öst & Westling 1995; Michelson et al. 1996). However,
across studies, treatments that employ a combination
of techniques have reported better outcomes com-
pared to relaxation training alone (Barlow et al. 1989;
Craske et al. 1991).

Although all CBT treatments include a CT com-
ponent, only a few controlled outcome studies have
examined the effectiveness of CT alone compared to
other CBT techniques for PD. Michelson et al. (1988)
evaluated the effectiveness of graduated exposure, para-
doxical intention, and progressive deep muscle relaxa-
tion. The paradoxical intention condition addressed
the cognitive dimension in that patients were taught 
to recognize their fears and to try and “reverse” their
ideas and thoughts. Findings indicated that the differ-
ent techniques were equivalent in their effectiveness,
producing significant improvements in the dependent
measures at post-treatment and at a 3-month follow-
up. However, across all conditions, patients were told
to apply their respective strategy to phobic situations,
which introduced an element of exposure therapy to
treatment. This complicates the interpretation of these
findings to the extent that each treatment condition
did not provide a valid measure of a single technique.

A similar complication existed in the study con-
ducted by Öst et al. (1993), comparing AR, in vivo
exposure, and cognitive treatment. Cognitive treat-
ment was based on Beck and Emery (1985) rationale,
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with germs), while imaginal exposure targets obsessive
fears and the imagined consequences of the fears 
(e.g. imagining oneself or a loved one becoming ill as a
result of being exposed to germs). The most common
behavioral technique is exposure with response pre-
vention, which consists of exposure to fear-provoking
thoughts and situations, combined with the strict pre-
vention of ritualistic behaviors (see Chapter 24).

CT has also been incorporated into treatment for
OCD, and is designed to target and modify irrational
thoughts and beliefs associated with the develop-
ment and maintenance of obsessions and compulsions.
Several types of irrational beliefs have been identified
in association with OCD, including: (i) the overestima-
tion of threat, risk, and harm; (ii) the over-importance
of thoughts; (iii) the importance of controlling one’s
thoughts; (iv) doubt and uncertainty; (v) perfectionism;
(vi) guilt, inflated responsibility, and shame; and (vii)
rigidity and morality (Steketee 1993; Obsessive Com-
pulsive Cognitions Working Group 1997). In CBT,
patients are taught to identify and challenge their irra-
tional thoughts and beliefs. Therapists teach patients
to estimate the realistic probability of an event occur-
ring, and to anticipate the seriousness of the event if 
it occurred. Initially, patients require considerable
direction and feedback from the therapist in order to
effectively challenge beliefs. Over time, with successful
treatment, individuals adopt a new cognitive approach
that allows them to disregard intrusive thoughts and to
resist engaging in compulsive behaviors. CT is often used
in conjunction with exposure-based techniques, which
provides an opportunity to use cognitive restructuring
in confronting anxiety-provoking situations.

Salkovskis and colleagues (Salkovskis 1996,
Salkovskis 1998) has developed a cognitive treatment
for OCD, based on cognitive theory, that incorporates
elements of exposure with response prevention and 
CT using Beck’s techniques (Salkovskis 1985, 1989).
Salkovskis (1996) has suggested that the goal of treat-
ment is to modify dysfunctional beliefs about exces-
sive responsibility through cognitive restructuring 
and behavioral exposure. Freeston and colleagues have
subsequently modified and elaborated upon Salkovskis’
CBT treatment to create a structured CBT program
(Freeston et al. 1996, 1997). This treatment protocol
includes cognitive restructuring, a focus on neutraliz-
ing strategies in conjunction with exposure, in vivo
exposure practices, followed by additional cognitive
restructuring and relapse prevention.

A second manualized treatment for OCD has been
developed that includes in vivo exposure, imaginal
exposure, and ritual prevention (Kozak & Foa 1997;
Steketee 1993), as well as formalized cognitive com-
ponents (van Oppen & Arntz 1994). Erroneous beliefs
are thought to be disconfirmed during the course of
exposure therapy. Thus, therapists assist patients in
challenging their beliefs to the degree that this enables
the patient to engage in exposure exercises. For instance,
in conducting exposure to fears of contracting an illness
through contact with a medical setting, the therapist
and patient may discuss the probability of the feared
outcome and assess the level of risk.

There are numerous studies that have evaluated 
the efficacy of various exposure-based therapies (see
Chapter 24). Comparatively fewer studies have 
examined treatments containing a distinct cognitive
intervention component. Cognitive-based techniques
may be particularly important for patients who do 
not engage in overt compulsive rituals (Freeston 
et al. 1997), or who refuse to participate in exposure-
based treatments (Clark 2000). In one of the first
reviews of CBT for OCD, James and Blackburn (1995)
concluded that there was not enough data by which 
to judge the effectiveness of CT for OCD. Compared 
to the available literature on CT, a large number of
studies have been conducted evaluating exposure with
response prevention, and researchers have acknow-
ledged that cognitive restructuring is routinely
employed in conjunction with exposure-based tech-
niques (Abramowitz 1996; Foa et al. 1998). There-
fore, while more recent reviews of CBT for OCD 
have not focused on the contribution of CT per se, in
many studies, CT components have been included in
exposure-based treatments (Abramowitz 1996, 1998).
In the absence of dismantling studies, it is difficult 
to determine the degree to which each component 
contributes to the favorable outcomes observed with
exposure therapy.

There are a several studies that have examined the
efficacy of CT in the treatment of OCD. Accumulat-
ing data from case study reports support the use of 
cognitive restructuring combined with exposure therapy
(Salkovskis & Warwick 1985; Kearny & Silverman
1990; Ladouceur et al. 1993, 1995; O’Kearney 1993;
Clark 2000; Wilhelm 2000). In all cases, the combina-
tion of exposure and CT produced clinically signific-
ant improvements in OCD symptoms. Freeston et al.
(1997) evaluated the efficacy of CBT in a sample of
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with response prevention alone may be sufficient to
reduce OCD symptoms.

A more contemporary version of CT was evaluated by
van Oppen et al. (1995). They employed Beck’s model
of CT combined with the work of Salkovskis (1985) in
the area of OCD. Patients in the CT condition were
taught to identify maladaptive beliefs, to appraise the
degree to which they were overestimating threat and
inflating personal responsibility, and to challenge these
beliefs. Individuals were randomly assigned to exposure
therapy with response prevention or CT, with both
treatments consisting of 16 sessions. At post-treatment,
both groups demonstrated significant improvement in
OCD symptoms on the majority of measures, with the
CT condition reporting slightly better rates of improve-
ment compared to the exposure condition.

To evaluate the degree to which CBT is associated
with cognitive changes following treatment, McLean
et al. (2001) conducted a controlled study comparing
CBT, exposure with response prevention, and wait-list
conditions. Treatment was provided in a group format,
and consisted of 12 weekly sessions that lasted 2.5 h
per week. The CBT condition was based on the 
work of Freeston et al. (1996), Salkovskis (1996), and
van Oppen and Arntz (1994), and included cognitive
restructuring, with a focus on specific types of faulty
appraisals that are common to OCD, and behavioral
experiments to test appraisals. Exposure was facilitated
by a therapist in session, and home-based exposure
assignments were given. At post-treatment, both groups
demonstrated statistically significant improvement
compared to the wait-list condition. However, exposure
was mildly to moderately superior to CBT on many of
the outcome measures. The authors suggest this find-
ing may have pertained to the group format, which may
have made cognitive restructuring difficult because
cognitions tend to be complex and idiosyncratic in
nature. In contrast to expectations, OCD-related beliefs
did not change following treatment on the majority 
of measures, with the exception of one scale pertain-
ing to perceptions of responsibility. Specifically, both
treatment groups scored significantly lower than the
wait-list group.

In addition to evaluating the relative efficacy of CBT
techniques, research has also examined the effective-
ness of CBT treatments compared to pharmacological
treatments (van Balkom et al. 1994; Abramowitz 1997).
van Balkom et al. (1994) conducted a meta-analysis
and found that serotonergic antidepressants, BT, 

patients who reported obsessions but engaged in no
overt compulsions. Patients were randomly assigned
to treatment or a wait-list condition. Treatment con-
sisted of cognitive restructuring related to four types 
of obsessional thinking (Salkovkis & Westbrook
1989), coupled with exposure to obsessional thoughts
or situations related to the thoughts. Freeston et al.
(1997) found that CBT was associated with clinically
significant improvement at post-treatment for 77% of
treatment completers, with gains maintained by 59%
at a 6-month follow-up.

Controlled studies have also been conducted to
examine the efficacy of CT versus other CBT tech-
niques. In one of the first randomized group studies,
patients were assigned to either self-instructional train-
ing plus exposure with response prevention or exposure
with response prevention alone (Emmelkamp et al.
1980). Both groups received instruction in PMR at the
beginning of treatment, and treatment consisted of 12
sessions. Findings indicated that both groups improved,
however, the exposure with response prevention group
exhibited less avoidance compared to the group that
had received self-instructional training, suggesting that
exposure with response prevention was superior to
self-instructional training.

In subsequent studies, Emmelkamp and colleagues
(Emmelkamp et al. 1988; Emmelkamp & Beens 1991)
examined the efficacy of rational emotive therapy (RET)
as a cognitive treatment for OCD. Emmelkamp et al.
(1988) randomly assigned patients to RET or exposure
with response prevention. The results indicated that
exposure with response prevention was associated with
roughly comparable rates of improvement (51%) at
post-treatment compared to RET (40%) in terms of
reductions in anxiety and distress ratings. In a second
study, Emmelkamp and Beens (1991) compared a
combination of RET and exposure with response pre-
vention to exposure with response prevention alone.
The exposure component was implemented in a self-
directed format. After six sessions, the authors reported
that CT was associated with a 25% mean reduction 
in anxiety, while exposure with response prevention
resulted in a 23% reduction. With the completion of
all 12 treatment sessions, results indicated that both
groups improved on the majority of measures and there
were no significant between group differences. Thus,
research by Emmelkamp and colleagues suggests that
RET may be an effective treatment for OCD when
combined with exposure therapy, but that exposure
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and the combination of the two, resulted in significant
rates of improvement compared to placebo. Across the
treatment conditions, van Balkom et al. concluded that
BT was superior to serotonergic antidepresants, and
that the combination of BT and antidepressants was
more effective than medication alone. More recently,
Abramowitz (1997) conducted a meta-analysis and
included both psychosocial and pharmacological treat-
ments for OCD. Results indicated that exposure was
more effective than PMR, that cognitive interventions
were as effective as exposure procedures, and that
serotonergic medication was effective, whereas non-
serotonergic medication was not. Of all pharmaco-
logical treatments reviewed by van Balkom et al.,
clomipramine was the most effective.

Overall, research supports the effectiveness of CBT
for OCD. Exposure-based procedures have received
widespread empirical support. Because CBT includes
both exposure and cognitive techniques, dismantling
studies comparing the effectiveness of exposure versus
CT may be impractical. Rather, research is needed to
determine if there are certain conditions under which
one treatment, or combination of treatments, produces
a more favorable therapeutic outcome. For example, 
it may be possible to identify subtypes of OCD and
compare different treatment combinations across the
different subtypes. Ideally, this would improve the
effectiveness of treatments, as well as achieve a higher
level of sophistication in treatment planning.

Discussion and future directions

Across the various anxiety disorders, CBT has been
shown to be an effective treatment. The time-limited,
relatively structured format of CBT is often appealing
to both therapist and patient. CBT has gained increas-
ing support because it offers a cost-effective treatment
alternative, and is amenable to research evaluating 
its efficacy. Furthermore, a real strength of CBT is 
its reliance on theory, assessment, and measurable 
outcomes.

Based on the current state of knowledge, there 
are several areas where information is lacking and will
need to be addressed in future research. First, the
majority of studies evaluating the effectiveness of CBT
have employed relatively select samples and been con-
ducted in research settings. Thus, the extent to which
CBT for anxiety disorders is generalizable to other

populations, elderly patients, and nonresearch settings
is unclear (Sanderson et al. 1998). Research is needed
to examine the efficacy of CBT in “real world” settings,
including factors such as the ability of less-well trained
clinicians to implement CBT with a diverse sample of
patients.

Second, on a related note, the degree to which cog-
nitive behavioral interventions for anxiety disorders
effectively address issues of comorbidity needs to be
addressed. Affective disorders and substance abuse are
highly prevalent among anxiety disordered individuals
(Kessler et al. 1994). Furthermore, a large proportion
of individuals meet criteria for more than one anxiety
disorder diagnosis (Kessler et al. 1994). Researchers
have begun to consider the potential for comorbid
diagnoses to affect treatment outcomes and to design
treatments that target comorbid symptoms (e.g., Falsetti
& Resnick 1998). However, more research is needed
in this area so that we can gain a better understanding
of what treatments are effective for particular present-
ing problems.

Finally, we need to address how to make treatment
more accessible to patients in need of services. In con-
trolled clinical trials, a certain proportion of patients
fail to complete treatment. Now that we have iden-
tified efficacious treatments, it is necessary for patients
to be willing to complete treatment in order for it to be
beneficial. Thus, researchers need to attend to adverse
reactions associated with treatments, as well as attri-
tion. Efforts to determine methods of making CBT
more accessible to patients should greatly contribute
to our knowledge.
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Exposure Therapy in the Treatment
of Anxiety Disorders
S.P. Cahill & E.B. Foa

disorder (ASD). Indeed, the American Psychological
Association’s Division 12 Task Force on the Promo-
tion and Dissemination of Psychological Interventions
(Chambless et al. 1998) has designated variations of
exposure therapy as “Well-Established Treatments” for
agoraphobia, specific phobia, and OCD. In addition,
The Task Force has designated exposure therapy as
“Probably Efficacious Treatments” for PTSD and social
phobia, while systematic desensitization received the
same designation for animal phobias, public speaking
anxiety, and social anxiety. Variations of exposure
therapy are also incorporated into cognitive-behavioral
treatment packages for panic disorder (PD) and gener-
alized anxiety disorder (GAD), although less systematic
work has been done isolating the role of exposure in
these treatment packages in comparison to treatments
for phobias, OCD, and PTSD.

Historical survey of the development 
of exposure therapy and evidence 
for its efficacy

The history of exposure therapy has its roots in the
early behaviorist tradition in psychology beginning
with work by John Watson and his students. In 1920
Watson and Rayner published their now infamous
case of little Albert in which they putatively instilled a
fear of white rats in a 9-month-old child through the
process of Pavlovian conditioning. In the first phase of
their case study, they demonstrated that Albert was
not afraid of a range of stimuli, including a white rat, 
a white rabbit, masks with and without hair, a dog, a
monkey, and a piece of burning newspaper. They also
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Introduction

The term exposure therapy refers to a group of psycho-
logical interventions that have in common the inten-
tional confrontation with feared, but otherwise safe
objects, situations, and thoughts or memories for the
purpose of reducing fear reactions to the same or sim-
ilar stimuli in the future. Examples of distinct exposure
therapy techniques that have been developed include
systematic desensitization and other variations based
on Wolpe’s (e.g. 1958) concept of reciprocal inhibi-
tion; imaginal and in vivo flooding (Boulougouris &
Marks 1969); and implosive therapy (Stampfl & Levis
1967). Other terms for therapeutic techniques based
on exposure to feared stimuli include exposure and 
ritual prevention (e.g. Meyer 1966; used primarily in
the literature on obsessive-compulsive disorder), pro-
longed exposure (e.g. Foa et al. 1991; used primarily in
the literature on post-traumatic stress disorder), and
direct therapeutic exposure (Boudewyns & Shipley
1983).

In this chapter, we provide a historical overview of
the development of exposure therapy and illustrate its
efficacy in the treatment of various anxiety conditions.
It may be noted in advance that effective treatments
incorporating exposure techniques have been devel-
oped for all of the primary anxiety disorders currently
recognized in the Diagnostic Statistical Manual, fourth
edition (DSM-IV: American Psychiatric Association
[APA] 1994) nomenclature. However, the unique con-
tribution of exposure therapy to outcome has been
best established in the treatment of specific phobias,
agoraphobia, obsessive-compulsive disorder (OCD),
post-traumatic stress disorder (PTSD), and acute stress

24



shocked. Wolpe devised a treatment plan for such cats
that was similar to Mary Cover Jones’ procedure.
Specifically, Wolpe took advantage of an observation
that the cats’ feeding behavior was less disrupted in
rooms other than the one in which the shock had been
administered. In fact, he had a series of four rooms that
were increasingly less similar to the experimental room
which appeared to produce a generalization gradient,
such that the disruption in feeding was progressively
less as the rooms became less similar. He began treat-
ment of the cats in the least similar room. When feed-
ing was no longer disrupted, he moved the cats to the
next room where feeding continued and so on until,
over a series of sessions, the cats were willing to eat
even when placed in the cage where the shock had been
administered.

To explain his observations, Wolpe invoked
Sherrington’s (1961 [originally published 1906]) con-
cept of reciprocal inhibition, the notion that eliciting
one response can inhibit the elicitation of another
response. Specifically, the appetitive behavior elicited
by food was inhibited by the defensive behavior 
originally elicited by the shock and subsequently con-
ditioned to features of the experimental room and the
training cage. However, because the defensive beha-
vior was weaker in nonexperimental rooms, it was
inhibited by the appetitive behavior elicited by food.
This permitted counter-conditioning of the fear by the
appetitive responses to features of the room. The con-
ditioned appetitive appetite responses then generalized
to the next room thereby allowing training to continue,
and this process of counter-conditioning and stimulus
generalization continued until the conditioned appetit-
ive behavior was strong enough to inhibit the fear
elicited by the experimental room and the training
cage itself.

Although eating in the presence of fear eliciting
stimuli may, as in the case of Peter, be appropriate in
the treatment of children, Wolpe realized it was not
practical for the routine treatment of adults. One solu-
tion to the problem of devising a practical application
of this principle of Psychotherapy Through Reciprocal
Inhibition (Wolpe 1958) is systematic desensitization,
which involves the pairing of muscle relaxation induced
through the procedures described by Jacobson (1938)
with mental images of fear evoking situations. Because
the relaxation induced by the Jacobsonian “tense and
relax” procedure is weak relative to a strong fear
response, a hierarchy of fear situations was designed

demonstrated that he showed a significant startle reac-
tion and emotional distress in response to a loud noise
produced by striking a hammer on a steel bar. In the
second phase of their study, the rat was placed in front
of Albert and then the hammer was struck on the bar.
After seven separate pairings of the rat with the loud
noise, Albert was observed to cry in response to the 
rat alone. In addition, the fear of rats generalized to a
variety of white fuzzy objects such as cotton, a white
rabbit, and a Santa Claus mask.

In a second famous case study, Watson’s student,
Mary Cover Jones (1924), treated Peter, a 34-month-
old-boy who was afraid of white fuzzy objects includ-
ing a white rabbit, fur coats, and cotton wool. Peter
was treated by arranging for him to play with three
other nonfearful children while the rabbit was pre-
sent in the room. In addition, Peter was fed favorite
foods as the rabbit was gradually brought closer to
him. At first, the rabbit’s presence anywhere in the
room was distressing to Peter but, as his fear declined,
he was able tolerate the rabbit being brought pro-
gressively closer to him until he was able to hold the
rabbit on his lap and allow the rabbit to nibble at his
fingers.

Taken together, the case studies of little Albert and
Peter illustrate what were to become the two founda-
tional assumptions of early behavioral models of the
acquisition and treatment of anxiety problems: that
fears and phobias were acquired through Pavlovian
conditioning which could in turn be unlearned.
Unfortunately, little was done initially with these
observations towards the systematic development 
and evaluation of procedures to be used for treating
anxiety. In part this may be attributed to failures to
replicate the apparent ease of conditioning fear reac-
tions in humans (e.g. English 1929; Bregman 1934). 
It remained for a South African psychiatrist who
received some training in Hull’s behavioral theory
named Joseph Wolpe to systematically develop a 
system of psychotherapy for neurotic disorders based
on principles of conditioning.

Systematic desensitization

Prior demonstrations of “experimental neurosis” in
cats indicated that exposing them to uncontrollable
electrical shock (Masserman 1943) resulted in, among
other responses, a suppression of feeding when the cats
were returned to the cage in which they had been
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so that patients could begin treatment with stimuli that
elicited a weak fear reaction relative to the relaxation
response. The patients then progressively work their
way up the hierarchy until they are able to imagine the
highest scene on the hierarchy without significant 
distress.

Systematic desensitization quickly became the focus
of numerous clinical reports and controlled research
during the mid-to-late 1960s. The first controlled
study of systematic desensitization was conducted by
Lang and Lazovik (1963), who compared systematic
desensitization with a waitlist control condition in the
treatment of students with a fear of snakes. Results
indicated that neither group showed any change over a
training period during which subjects in the systematic
desensitization group separately practiced the relaxa-
tion procedures and constructed the hierarchy. How-
ever, after implementing pairings of the imagined
snake scenes with relaxation, subjects in the desensit-
ization group improved while the control group did
not. In a follow-up study (Lang et al. 1965) found
desensitization to be superior to a pseudotherapy that,
like desensitization, included training in relaxation
and hierarchy construction. However, after this initial
preparation, subjects in the pseudotherapy condition
engaged in relaxation and positive imagery. Davison
(1968) replicated the efficacy of systematic desensitiza-
tion in treating students with a fear of snakes, while
other researches demonstrated its efficacy in treating
students with a fear of rats (e.g. Cook 1966) and test
anxiety (e.g. Emory & Krumboltz 1967).

In a landmark study, Gordon Paul (1966) investi-
gated the efficacy of systematic desensitization in the
treatment of highly distressed students with a fear 
of public speaking or other forms of social anxiety.
Comparison groups in the study included (a) insight-
orientated psychotherapy, which was congruent with
the orientation of the therapists in the study (b) an
attention-placebo condition in which subjects were
given a pill placebo they were told was a drug that
reduced anxiety in stressful situations and then were
exposed to a task that was supposed to be stressful 
but in fact induced drowsiness, and (c) waitlist. Re-
sults revealed that both treatments were superior to
waitlist. In addition, systematic desensitization was
superior to insight-orientated psychotherapy and
attention-placebo treatments, while the latter two did
not differ from one another. This pattern of outcome
was maintained up to 2 years after the completion of

treatment, which had consisted of five sessions over a
period of 6 weeks.

In 1969, Paul (1969) surveyed the literature and
identified 75 papers “on the application of systematic
desensitization therapy by more than 90 different ther-
apists with nearly 1000 different clients” (Paul 1969,
p. 145). Although 55 of these papers consisted of case
reports and single group studies, 20 of the papers
reported controlled group design studies. In summar-
izing the results of his review, Paul wrote:

The findings were overwhelmingly positive, and
for the first time in the history of psychological
treatments, a specific therapeutic package reliably
produced measurable benefits for clients across 
a broad range of distressing problems in which
anxiety was of fundamental importance. “Relapse”
and “symptom substitution” were notably lacking,
although the majority of authors were attuned to
these problems. Investigations of equal quality
and scope have not been carried out with other
treatment techniques considered appropriate for
similar problems, and cross-study comparisons
where control is absent have little meaning. 
(p. 159)

Despite solid evidence for its efficacy, the use of 
systematic desensitization has fallen out of favor. This
has been for both theoretical and practical reasons.
Research into two key procedural features of system-
atic desensitization (use of a hierarchy and relaxation
to inhibit anxiety) have not consistently yielded results
in line with predictions that would be derived from
Wolpe’s theory of reciprocal inhibition. For example,
Krapfl (1967, cited in Bandura 1969) found that
implementing the fear hierarchy in descending order
(from the most to the least fearful), rather than in 
the conventional ascending order, did not reduce the
efficacy of treatment. Even more problematic for 
reciprocal inhibition theory are results from studies
investigating the role of relaxation in systematic 
desensitization. It is true that some studies that have
compared brief scene presentations of fear related
images with and without concurrent relaxation have
found better results for the traditional desensitization
procedure (e.g. Davison 1968). However, pairing
feared images with relaxation is by no means necessary
for fear reduction to occur, and several studies have
found that relaxation during imagery does not always
enhance outcome (e.g. McGlynn 1973). Indeed, a critical
review of select studies addressing this issue (McGlynn
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progress obtained on a behavioral test (e.g. Lang et al.
1965; Davison 1968; Barlow et al. 1969). This has
been referred to as “the transfer gap” in systematic
desensitization (Barlow et al. 1969). Third, alternative
procedures involving prolonged in vivo exposure that
violated the theoretical boundary conditions of recip-
rocal inhibition theory (e.g. high-intensity exposure 
in the absence of any explicit counter-conditioning
agent) were being found effective in the treatment of
agoraphobia (e.g. Agras et al. 1968; Leitenberg et al.
1970) and OCD (Meyer 1966; Meyer & Levy 1973),
and more effective than systematic desensitization 
in the treatment of specific phobias (Bandura et al.
1969).

Implosive therapy, imaginal flooding, in vivo
exposure and participant modeling

In contrast to Wolpe’s graduated approach to expos-
ure in which the duration of individual exposures 
were quite short and it was thought important to min-
imize the level of anxiety during exposures, implosive
therapy (Stampfl & Levis 1967) and imaginal flooding
(Boulougouris & Marks 1969) emphasized prolonged
exposure to high-intensity stimuli in order to achieve
fear reduction. This treatment approach to exposure
therapy has been closely associated with Mowrer’s
(1947) two-factor theory of avoidance. The two 
factors in Mowrer’s theory of avoidance are Pavlovian
fear conditioning through the pairing of conditioned
stimulus (CS) with an aversive unconditioned stimulus
(US), and instrumental conditioning of an escape
response through negative reinforcement. In a typical
avoidance conditioning paradigm, rats are placed in a
shuttle box and provided a series of learning trials. On
each trial, a CS is first presented (e.g. a tone). If the 
subject responds by crossing over to the other side of
the shuttle box, the CS is terminated and nothing else
happens until the next trial. If the subject does not
respond during the CS, then an aversive US (e.g. elec-
tric shock) is applied and remains on until the subject
shuttles to the other side of the box or a maximum
duration is met. During early trials, this arrangement
results in a series of pairings between the CS and US
that result in fear conditioning to the CS. In addition,
the escape-from-shock trials result in negative rein-
forcement of the shuttle response. As trials continue,
the subject begins to make the shuttle response during
the CS.

et al. 1981) concluded that, although there apparently
are some conditions under which “graduated aversive
imaging must be paired with relaxation in order to be
clinically therapeutic,” there are other conditions
under which “graduated aversive imaging is clinically
therapeutic in its own right” (p. 168). In particular,
relaxation appears to be more critical to outcome
when stimulus duration times were kept very short.
For example, Sue (1975) compared desensitization
procedures with and without relaxation utilizing
either 5 s or 30 s imaginal presentations. When relaxa-
tion was omitted, longer presentation times were 
associated with better outcome, while duration had 
no effect on outcome when relaxation was included.

Further evidence suggests a very different role for
effects of relaxation in systematic desensitization than
as a counter-conditioning agent. Lang et al. (1970)
found the individuals who benefited most from sys-
tematic desensitization displayed greater heart-rate
reactivity in response to aversive imagery on early 
trials, followed by a decline in heart-rate reactivity
with repetition. Based on these and other data,
Mathews (1971) suggested the role of relaxation in
systematic desensitization may actually be to enhance
the vividness of imagery and thereby enhance the
effects of imagery on autonomic reactivity. Borkovec
and Sides (1979) directly tested this hypothesis and
found that, indeed, standard systematic desensitiza-
tion was associated with greater image vividness,
greater heart-rate reactivity, and better outcome than
control conditions that provided equivalent exposure
in which relaxation was either not provided, or was
provided but kept separate from the exposure. Such
results are clearly contrary to the hypothesis that the
efficacy of systematic desensitization is brought about
by relaxation inhibiting anxiety.

In addition to the lack of support for the theory of
reciprocal inhibition, systematic desensitization faced
three related practical limitations. First, while system-
atic desensitization appeared to produce good results
with specific phobias and social anxiety, little success
was achieved when participants suffered severe agora-
phobia (e.g. Gelder & Marks 1966) or OCD (Cooper
et al. 1965). Second, systematic desensitization assumes
that fear reduction to an image of an object or situ-
ation will transfer to the actual object or situation, and
indeed this is sometimes the case. However, this is 
not inevitably the case, and progress up the imaginal
hierarchy during therapy is often greater than the
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While responses during the CS permit the subject 
to avoid the US, theoretically Mowrer proposed that
responding continues to be reinforced through fear
reduction and such responses are therefore better
understood as “escape-from-fear” trials, rather than
“avoidance-of-shock” trials. At the same time, how-
ever, the escape-from-fear trials operationally consti-
tute Pavlovian extinction trials in which the CS occurs
in the absence of the US. Hence, as the CS undergoes
extinction, the magnitude of reinforcement on these
trials should decrease resulting in a lagged decline in
the escape response. If by this point the experimenter
has removed the shock contingency, then both the
Pavlovian fear response and the instrumental escape
responses will eventually undergo extinction. An illus-
tration of the interplay between Pavlovian and instru-
mental contingencies was illustrated by McAllister
et al. (1986). Rats in this study were first provided with
a series of Pavlovian fear conditioning trials in which
they received pairings of a light with shocks. After 
this initial conditioning, subjects were given a series 
of trials in which they could escape from the light 
by jumping over a hurdle. Importantly, no additional
shocks were presented during these escape-from-fear
trials. Trials were continued until subjects stopped
responding and the dependent variable was the sub-
jects’ latency to respond. Results indicated that latency
to respond rapidly decreased over the first 25 trials.
This reduction in latency to respond implies the
strengthening effect of reinforcement via fear reduc-
tion. Acquisition of the escape response was followed
by another period of 25 trials in which the latency to
respond was relatively stable, and latencies to response
gradually increased over a series of 250 additional 
trials reflecting extinction of both fear and escape
responding.

Levis, Stampfl, and their colleagues (Levis &
Stampfl 1972; Boyd & Levis 1976; Levis & Boyd
1979) further investigated procedural parameters that
promote rapid acquisition and prolonged resistance 
to extinction of avoidance responding and offered 
the serial-CS hypothesis as an extension of two-factor
theory. It has been demonstrated that having a chain 
of CSs (e.g. a tone followed by a light) prior to the 
US (e.g. CS1 → CS2 → US) results in rapid acquisition
of an avoidance response and extreme resistance to
extinction, compared to a standard single-CS condition.
Theoretically, the increased resistance to extinction in
the serial-CS condition is due to periodic second-order

Pavlovian conditioning trials of CS1 by CS2. Speci-
fically, the serial presentation of stimuli permits both
CS1 and CS2 to become associated with the US.
However, CS2 will condition faster and stronger than
CS1 due to its closer proximity to the US. As shuttle
responses are strengthened, they begin to occur first
during CS2 and then during CS1. Responding during
CS1 has two important consequences. First, fear
responses to CS1 gradually undergo extinction. Second,
however, responses during CS1 prevent exposure to
CS2 and thereby protect CS2 from undergoing extinc-
tion (the conservation of anxiety hypothesis). Only
when there is sufficient exposure to CS1 to result in a
failure to respond to CS1 does exposure to CS2 occur.
Failure to respond to CS1 results in CS2 occurring
which, because it has not yet undergone extinction,
continues to elicit a strong fear response. The fear
response elicited by CS2 motivates the shuttle response,
while termination of CS2 following by the shuttle
response provides further negative reinforcement and
thereby strengthens the shuttle response. In addition,
the sequence of CS1 being followed by CS2 serves as a
second order Pavlovian conditioning trial and thereby
temporarily reconditions fear to CS1. This process of
oscillating between CS1 and CS2 continues until both
stimuli have undergone adequate extinction trials for
shuttle responding to cease altogether (assuming the
US no longer occurs).

Stampfl (1987) has further extended this hypothesis
by considering the effects of having different response
requirements depending on where in the serial-CS
chain the response occurs. Specifically, he has proposed
that even greater resistance to extinction can occur
when the response that terminates the equivalent of
CS1 is substantially less effortful than the response
required to terminate CS2 because the more effortful
response requires greater reinforcement to be main-
tained than does the less effortful response. Taken
together, these extensions of two-factor theory (the
serial-CS hypothesis, the conservation of anxiety
hypothesis, and the effects of differential response
requirements) have been proposed to account for the
highly persistent nature of avoidance behavior seen in
anxiety disorders and some experimental situations
(Levis 1989, 1991; Stampfl 1991).

The general therapeutic recommendations to come
from this line of theorizing and basic research are 
two-fold: Treatment should involve: (i) exposure to 
all of the relevant feared CSs; and (ii) prevention or
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due to being afraid of the phobic stimulus. Rather, fear
and avoidance are both due to low self-efficacy, the
belief that one cannot cope effectively with the phobic
stimulus. From this perspective, treatments are not effec-
tive because they reduce, but because they promote
mastery experiences and increase self-efficacy. Procedur-
ally, participant modeling is said to differ from more
traditional approaches to in vivo exposure in that the
therapist is actively involved in demonstrating and guid-
ing the patient to successful experiences with the feared
object. In many cases, the therapist may use “response
induction aides” to assist patients in gaining success
experiences. For example, in treating snake phobics,
the therapist may first demonstrate to the patient 
how to safely touch, handle and control a harmless
snake and then coach the patient in performing the
same behaviors, but first while wearing protective
gloves and then repeating the exercise without gloves 
only when the patient feels a sense of self-efficacy 
in handling the snake. By contrast, more traditional
approaches to in vivo exposure are often less active.
Patients, for example, may be asked to simply sit and
look at a snake in a cage, with instructions to attempt
greater contact with the snake (reaching into the 
cage, touching the snake, picking it up, etc.) when their
fear at the earlier step has decreased but without the
therapist serving as an active model and the use of
response induction aides.

What does the research literature say about the
efficacy of these different forms of exposure therapy
for reducing fear and avoidance? Extensive research
beginning in the mid 1960s has consistently shown
variations of prolonged imaginal and in vivo exposure
to be highly effective in reducing fear and avoidance
among a variety of populations.

Agoraphobia and specific phobias
There is no question about the efficacy of prolonged
exposure in the treatment of agoraphobia and of a 
variety of simple phobias, such as fears of insects,
small animals, heights and enclosed spaces, flying, and 
dental treatment. As noted earlier, several early studies
demonstrating the efficacy of systematic desensitiza-
tion utilized snake phobics as subjects (e.g. Lang 
& Lazovik 1963; Lang et al. 1965; Davidson 1968).
How well do other approaches to exposure compare
with systematic desensitization and with one another?
Marks et al. (1971) utilized a crossover design to 
compare the efficacy of imaginal flooding with that 

blocking of the avoidance (i.e. escape-from-fear)
responses. Furthermore, unlike Wolpe and his theory
of reciprical inhibition, the view of Pavlovian extinc-
tion endorsed by theorists such as Stampfl and Levis
was not wed any specific hypothesized underlying
mechanism. Rather, it was based on experimental
observations that extinction, even to strongly condi-
tioned CSs, occurs given adequate exposure in the
absence of the US. This approach naturally favored
massed exposure. Furthermore, from the serial-CS
perspective, exposure to CS2 would be expected to
have a greater effect of reducing responding to CS1
than the reverse. Therefore, the CS extinction/two-
factor approach also tended to target stimuli higher up
in the fear hierarchy early in treatment, as compared to
the gradual approach of systematic desensitization.

Three related approaches to exposure, to a greater or
lesser extent, derive from the theoretical aspects of two-
factor theory and share the common procedural ele-
ments of prolonged and repeated exposure to relatively
high intensity feared, but otherwise safe, stimuli: pro-
longed in vivo exposure (in vivo flooding), prolonged
imaginal exposure (imaginal flooding), implosive ther-
apy, and participant modeling/guided mastery. In vivo
exposure is distinguished from imaginal exposure and
implosive therapy in that it involves direct exposure to
actual feared objects or situations, whereas imaginal
exposure and implosive therapy rely on imagery.

Imaginal flooding and implosive therapy both share
reliance on imagery as the modality for stimulus expos-
ure, but differ in the content included in the imagery.
The content for imaginal flooding includes imagery 
of feared situations or activities along with feared
thoughts, images, or memories identified as problems
by the patient. Implosive therapy includes such content
but also includes cues hypothesized by the therapist to
be relevant to the particular case, the basis of which
includes hypotheses derived from pychodynamic theory.
Thus, implosive imagery may include themes related to
aggressive and sexual impulses and Oedipal conflicts.

A variation of in vivo exposure therapy, called parti-
cipant modeling (Blanchard 1970) or guided mastery
(Williams 1990), initially had its roots in two-factor
theory (Bandura et al. 1969) but is now closely associ-
ated with Bandura’s social learning theory and specific-
ally with the concept of self-efficacy (Bandura 1977).
Self-efficacy refers to an individual’s belief that he or
she is able to perform some particular task. According
to the theory of self-efficacy, phobic avoidance is not
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of systematic desensitization using a mixed group of
specific phobics and agoraphobics. Results revealed
the two treatments were equally effective in the treat-
ment of specific phobias but imaginal flooding was
more effective than systematic desensitization in the
treatment of agoraphobia. Gelder et al. (1973) found
systematic desensitization and imaginal flooding were
both more effective than a nonspecific treatment con-
trol condition among a mixed sample of specific 
phobics and agoraphobics, but did not find imaginal
flooding to be any more effective than systematic
desensitization even among the agoraphobics.

Conflicting results about comparative efficacy of
imaginal and in vivo flooding in the treatment of 
agoraphobia were reported by a UK research group
(Johnston et al. 1976; Mathews et al. 1976) relative to
studies by Emmelkamp and colleagues in the Nether-
lands. For example, the UK group found that 8-weekly
sessions of imaginal exposure followed by 8-weekly
sessions of in vivo exposure produced comparable
results as 16-weekly sessions of in vivo exposure alone
or 16-weekly sessions of imaginal and in vivo exposure.
By contrast, Emmelkamp and Wessels (1975) found
four sessions of in vivo exposure with or without add-
itional imaginal exposure to be superior to four sessions
of imaginal exposure alone.

A series of studies comparing participant model-
ing with other forms of exposure therapy by Albert
Bandura, Lloyd Williams, and their colleagues con-
ducted over a period of 20 years has produced con-
sistent support for the superiority of participant 
modeling in the treatment of specific phobias and 
agoraphobia. For example, Bandura et al. (1969) com-
pared a systematic desensitization and two variations
of modeling, symbolic modeling and participant mod-
eling, with a waitlist control group in the treatment of
snake phobia. Symbolic modeling consisted of watch-
ing a movie of several different individuals interacting
with snakes, starting with the models handling toy
snakes and gradually working up to allowing a large
snake to be draped over the models’ bodies and allow-
ing the snake to crawl freely on the models. Results
revealed that, compared to the waitlist condition, 
all three treatments resulted in significant increases 
in the behavioral approach test (BAT), accompanied 
by significant decreases in anxiety. Among the active
treatments, participant modeling was more effective 
at increasing performance on the BAT than either 
symbolic modeling or systematic desensitization; both

symbolic and participant modeling were more effect-
ive than systematic desensitization in reducing fear
during the BAT, but the two modeling methods did not
differ from one another.

In a series of three similarly designed studies, Williams
and colleagues compared participant modeling with 
a more passive form of in vivo exposure in which the
therapist did not model successful performance or
actively assist subjects in completing the therapeutic
activities. Rather, the therapist served primarily as 
a monitor to record the subjects’ performance and
their self-reported levels of distress during the task.
Williams et al. (1984) studied a mixed group of driving
phobics and acrophobics, while Williams et al. (1985)
studied acrophobics only, and Williams and Zane
(1989) studied agoraphobics. In all three studies, the
active treatments were found to be superior to waitlist,
while participant modeling was found to be superior
to passive exposure. Ost et al. (1997) have recently
reported the superiority of participant modeling con-
ducted in groups over other forms of group exposure
therapy in the treatment of spider phobia.

Obsessive-compulsive disorder
Previously thought to be a disorder that was particu-
larly resistant to treatment, Meyer (1966) reported
successful outcome in two cases of OCD with a com-
bination of prolonged exposure to obsession-related
cues combined with the prevention of compulsive 
rituals. Meyer & Levy (1973) subsequently reported 
success in 10 out of 15 cases treated with exposure and
ritual prevention, and that only two cases of relapse
occurred during a 5–6 years follow-up period (Meyer
et al. 1974). Since then, similar positive outcomes have
been reported by a number of different research groups.
Foa and Kozak (1996) reviewed 13 studies that reported
short-term outcome for exposure and ritual preven-
tion in the treatment of OCD in which the original
authors reported responder rates on 330 subjects.
After an average of 15 sessions (range 10–25), 83% of
subjects were classified as responders. Foa and Kozak
(1996) also reviewed 16 studies that reported long-
term outcome in which responder rates were reported
for a total 376 subjects. After an average follow-up
interval of 29 months, 76% of subjects were classified
as responders. In addition, exposure and ritual pre-
vention has been found to be superior to a variety of
comparison conditions including placebo medication
(Marks et al. 1980), relaxation (Fals-Stewart et al.
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ment following acute treatment, with no differences
between conditions. At follow-up, however, there was
a tendency for subjects who received in vivo exposure
alone to show relapse on measures of obsessional dis-
tress and urges to engage in rituals, while subjects in
the combined groups tended to show further improve-
ment. A more recent study, however, failed to replicate
this finding (De Araujo et al. 1995).

Post-traumatic stress disorder
Exposure therapy for the treatment of PTSD typically
combines imaginal exposure to the memory of the
trauma, sometimes called “reliving,” and in vivo expo-
sure to safe, but otherwise avoided people, places,
things, and activities that remind the survivor of the
trauma and trigger intense negative emotional reac-
tions. The efficacy of exposure therapy in the treatment
of PTSD has been demonstrated in several specific
trauma populations, including male combat veterans
(Cooper & Clum 1989; Keane et al. 1989; Boudewyns
& Hyer 1990; Boudewyns et al. 1990; Glynn et al.
1999), female victims of sexual or nonsexual assaults
(Foa et al. 1991, 1999; Echeburua et al. 1997; Resick
& Nishith 2001 presented at the 35th Annual Conven-
tion of the Association for Advancement of Behavior
Therapy; Rothbaum & Astin 2001 presented at the
35th Annual Convention of the Association for
Advancement of Behavior Therapy) and motor vehicle
accidents (Fecteau & Nikki 1999), as well mixed-
gender samples following a variety of traumatic events
(Marks et al. 1998; Devilly & Spence 1999; Tarrier et
al. 1999) and mixed-gender refugees (Paunovic & Ost
2001). Furthermore, exposure therapy has been stud-
ied more extensively than other treatments for PTSD
and the efficacy of exposure therapy compares favor-
ably with all other forms of therapy to which it has
been compared, including relaxation (Echeburua et al.
1997; Marks et al. 1998); supportive counseling (Foa
et al. 1991); stress inoculation training (Foa et al. 1991,
1999); cognitive therapy (Marks et al. 1998; Tarrier 
et al. 1999) and cognitive processing therapy (Resick
& Nishith 2001 presented at the 35th Annual Conven-
tion of the Association for Advancement of Behavior
Therapy); and eye movement desensitization and repro-
cessing (EMDR) (Devilley & Spence 1999; Rothbaum
& Astin 2001 presented at the 35th Annual Con-
vention of the Association for Advancement of
Behavior Therapy). Contrary to expectations, com-
bination treatments comprised by adding elements of

1993), and anxiety management training (Lindsay
et al. 1997).

Treatment for OCD typically involves a combination
of imaginal exposure to obsessional thoughts/feared
consequences and in vivo exposure to specifically
feared objects, situations, activities, etc., plus ritual
prevention, in which subjects are explicitly instructed
to not perform their compulsive rituals. To what extent
do the different treatment components contribute 
to treatment outcome? Available evidence suggests
that exposure and ritual prevention each contribute 
to outcome and that there are differential effects 
of exposure and ritual prevention on the severity of
obsessional distress and frequency of compulsive 
rituals. Foa et al. (1980a) utilized a crossover design to
investigate this question among a group of compulsive
washers. Half of the subjects received 2 weeks of 
treatment with 2 h of daily exposure plus additional
exposure homework, but without any instructions to
refrain from washing, followed by 2 weeks of treat-
ment with strict response prevention, but without any
instructions to explicity confront feared stimuli. The
remaining half of subjects received the same treatment
components in the opposite order. Results revealed
greater reduction in the levels of distress reported in
vivo exposure test when exposure procedures were
implemented, but a greater reduction in the amount 
of time spent washing when ritual prevention was
implemented. In a subsequent study, Foa et al. (1984)
randomly assigned subjects to receive in vivo exposure
alone, response prevention alone, or their combina-
tion. Consistent with the prior results, exposure alone
was more effective in reducing fear during an in vivo
test while response prevention alone was more effect-
ive in decreasing the amount of time spent engaging in
their rituals. In addition, the combined treatment was
more effective than either of the individual treatment
components on both outcomes (time spent washing,
distress experienced during an in vivo test).

Two studies have compared imaginal with in vivo
exposure in the treatment of OCD (Rabavilas et al.
1976; Foa et al. 1985). Contrary to what has been
found for specific phobias and agoraphobia, the two
treatment modalities yielded comparable results. Foa
et al. (1980b) took up the question as to whether the
combination of imaginal and in vivo exposure plus 
ritual prevention would be more effective than in 
vivo exposure plus ritual prevention (no imaginal
exposure). Both groups showed significant improve-
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stress inoculation training (Foa et al. 1999), cognitive
therapy (Marks et al. 1998; Foa et al. 2001 presented
at the 35th Annual Convention of the Association for
Advancement of Behavior Therapy; Paunovic & Ost
2001), or couples therapy (Glynn et al. 1999) have
consistently failed to increase the efficacy of exposure
therapy, and in some cases may even slightly hamper
the efficacy of exposure therapy.

A similar pattern of results appears from three stud-
ies of a brief (four to five sessions) cognitive behavioral
treatment combining breathing and relaxation training,
imaginal and in vivo exposure, and cognitive restruc-
turing in treatment of ASD/prevention of PTSD.
Treatment in this program typically begins about 
2 weeks after the traumatic event. Foa et al. (1995)
investigated the efficacy of this brief CBT intervention
relative to a matched untreated comparison group.
Immediately after the intervention, fewer women in
the treatment condition (10%) met the criteria for
PTSD than in a matched assessment-only control group
(70%). However, this group difference disappeared at
a follow-up assessment occurring 5.5 months after the
assault. Thus, the brief prevention program appeared
to accelerate the women’s rate of recovery. Bryant
et al. (1998) utilized this same intervention with male
and female survivors of either motor vehicle or indus-
trial accidents who met DSM-IV (APA 1994) criteria
for ASD. Left untreated, the development of ASD shortly
after a traumatic event is associated with an elevated
risk of subsequently developing PTSD (Harvey &
Bryant 1998). Results revealed that fewer participants
receiving the brief prevention program met criteria 
for PTSD at both the post-treatment (8%) and the 
6-month follow-up (17%) assessments compared to
supportive counseling (83% and 67% for the post-
treatment and follow-up assessments, respectively). In
a follow-up study, Bryant et al. (1999) again compared
brief CBT with supportive counseling, and this time
added a third group that received the exposure therapy
elements of the brief CBT program without relaxation
training or cognitive restructuring. Following the brief
intervention, 14% of subjects who received exposure
therapy and 20% of subjects who received the full CBT
program met the criteria for PTSD, in comparison to
56% of subjects who received supportive counseling.

Social phobia
Perhaps more so than any of the preceding disorders,
both the rationale and empirical data strongly support

the importance of adding one or more elements to
exposure therapy in the treatment of social anxiety.
The two additional components that have received the
most attention have been training in specific social
skills thought to be lacking in the repertoire of social
phobics and cognitive restructuring of beliefs related
to the fear of negative evaluation. According to the
socials skills deficit model, individuals with social 
anxiety lack certain skills to interact effectively with
others. As a result they experience fewer interpersonal
rewards and experience more interpersonal punish-
ments. This leads them to avoid social interactions
when possible, thereby further limiting their ability to
acquire more effective social skills. Alternatively, the
cognitive model argues that social anxiety is not the
result of lacking in social skills, but rather is the result
of acquiring a range of negative beliefs about them-
selves and others. Specifically, social phobics view 
others as being critical of them (Leary et al. 1988) and
that others hold expectations they are not likely to be
able to meet (Wallace & Alden 1991).

There is research evidence supporting both hypo-
theses that socially anxious individuals (i) may perform
less skilfully in social situations and (ii) that socially
anxious individuals view themselves more negatively
than do others (Clark & Wells 1995). Furthermore,
there is evidence that interventions directed at these
components may be effective in reducing social anxi-
ety. In a recent meta-analysis, Taylor (1996) summar-
ized the outcome of 25 studies of treatments for social
phobia that yielded a total of 42 within-group effect
sizes for two control conditions (waitlist and pill
placebo) and four active treatments (exposure, cog-
nitive therapy, exposure plus cognitive therapy, and
social skills training). Results of the meta-analysis
revealed that all active treatments resulted in signi-
ficantly better outcome than waitlist. However, only
the combination of exposure therapy plus cognitive
restructuring resulted in significantly better outcome
than pill placebo. The additive effects of each compon-
ent of treatment was clearly demonstrated in a pair of
studies conducted by Mattick and colleagues. In the
first study, Mattick and Peters (1988) compared expos-
ure alone with exposure plus cognitive restructuring.
Although both groups improved, there was somewhat
better outcome for the combined treatment, particularly
at the 3 month follow-up assessment. In the second
study, Mattick et al. (1989) compared the efficacy of
each component alone as well as their combination
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the generalized nature of the concerns in GAD, ergo
the name “generalized anxiety disorder,” the limited
use of exposure therapy may reflect difficulties in spe-
cifying clear targets for imaginal and in vivo exposure.
A notable exception is a pair of studies by Borkovec and
colleagues. Borkovec and Costello (1993) compared
applied relaxation training to a cognitive behavioral
package that included applied relaxation, self-control
desensitization, and brief cognitive therapy. Self-control
desensitization is similar to standard systematic desen-
sitization in that it uses a hierarchical presentation of
imaginally presented fear-relevant cues. It differs from
standard systematic desensitization, however, in that
relaxation is only one of several possible coping stra-
tegies the patient may employ to reduce their anxiety
during the imaginal practices. Coping self-statements
and cognitive challenges are also used to help reduce
anxiety during imaginal exposure. Both applied relax-
ation alone and the CBT package were more effective
than supportive listening. Although there were no dif-
ferences between the treatments immediately after treat-
ment, the CBT group maintained their gains better at the
12 month follow-up than the applied relaxation group.
In a recently completed dismantling study, Borkovec
et al. (2002) compared three treatment conditions: (i)
applied relaxation plus self-control desensitization; (ii)
cognitive therapy; and (iii) their combination. All three
groups displayed significant improvements on measures
of anxiety and depression that were well-maintained,
with only 17% of subjects meeting diagnostic criteria for
GAD at a 2-year follow-up assessment. No significant
differences were observed among the treatments.

Interoceptive exposure

A relatively recent addition to the exposure therapy
armamentarium is interoceptive exposure, which has
been added to cognitive-behavioral treatment pack-
ages for PD (Barlow 1988). Interoceptive exposure
involves intentionally provoking internal cues associ-
ated with fear and anxiety, such as heavy breathing
and its consequences (hyperventilation, chest pain,
dizzyness), tachycardia, sweating, trembling, etc., for
the purpose of reducing distress and anxiety associated
with them. These sensations may by induced through
physiological challenge procedures such as lactate
infusions (e.g. Pitts & McClure 1967) and inhalation
of carbon dioxide (CO2) (van den Hout & Griez 1982;
Woods et al. 1987), as well as a variety of behavioral

against a waitlist control group. Compared to the
waitlist control group, all three treatments were found
to be effective in reducing social anxiety. Again, how-
ever, outcome was best among subjects who received
the combined treatment.

One particularly well-studied treatment package has
been Heimberg’s cognitive behavioral group therapy
(CBGT) for social anxiety (Heimberg et al. 1995). The
program consists of 12 weekly group sessions consisting
of education about their underlying cognitive behavi-
oral model of social anxiety, in-session role playing of
social interactions, homework in vivo exposure exer-
cises, and cognitive restructuring implemented before,
during, and after each exposure (role plays and in vivo
homework assignments). Two studies (Heimberg et al.
1990; Lucas & Telch, 1993, presented at the 27th
Annual Convention of the Association for Advance-
ment of Behavior Therapy) found CBGT to be more 
effective than an attention control group that received 
education about social anxiety and nondirective group
therapy. The latter study also compared CBGT with
the same treatment administered individually, finding
treatment outcome was similar whether it was provided
individually or in a group format. Hope et al. (1995)
dismantled CBGT by comparing the full program with
just the exposure component. Contrary to expectations,
the exposure alone condition was actually somewhat
superior to CBGT immediately after treatment, although
the difference disappeared by the 6 month follow-up.
The authors question these results on the basis that the
results for CBGT were not as strong as observed in the
previous studies, which they attributed to subject attri-
tion in some of the therapy groups. Heimberg et al.
(1998) compared CBGT with the previously described
attention control, phenelzine, and placebo. Immediately
after treatment, both active treatments were more
effective than their respective control groups and there
were no differences between the active treatments.
Responders to each treatment subsequently entered a 6
month follow-up phase, during which it was found
that 50% of the medication responders relapsed com-
pared to only 17% of group therapy responders.

Generalized anxiety disorder
Considerably less research has been conducted on use
of exposure therapy in the treatment of GAD com-
pared to any of the other anxiety disorders. Rather
treatment packages have tended to focus on the use of
relaxation strategies and cognitive restructuring. Given
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exercises such as intentional over-breathing, spinning
in a chair, rapid stair-stepping, and breathing through
a thin straw, among others.

At least three factors appear to be important in the
historical development of interoceptive exposure tech-
niques. One factor was previously discussed dissatis-
faction with the efficacy of in vivo exposure in the
treatment of agoraphobia: despite clearly being super-
ior to imaginal forms of exposure, in vivo exposure
alone still left many patients with significant residual
impairment (Jansson & Ost 1982). This lead researchers
to look for adjunctive strategies to add to in vivo expo-
sure. A second factor was Goldstein and Chambless’s
(1978) influential reanalysis of agoraphobia in which
they proposed that agoraphobic avoidance was moti-
vated by a “fear of fear” that was acquired through a
form of Pavlovian interoceptive conditioning.

Having suffered one or more panic attacks, these
people become hyperalert to their sensations and inter-
pret feelings of mild to moderate anxiety as signs of
oncoming panic attacks and react with such anxiety
that the dreaded episode is almost invariably induced.
This is analogous to the phenomenon described by
Razran (1961) as interoceptive conditioning in which
the conditioned stimuli are internal bodily sensations.
In the case of fear of anxiety, a client’s own physiolo-
gical arousal becomes the conditioned stimuli for the
powerful conditioned response of a panic attack.
(Razran 1961, p. 55).

A third factor was a convergence of observations
from several apparently unrelated procedures that all
resulted in symptom reduction, including: (a) repeated
exposure to panic provocation procedures, such as
repeated administration of lactate (e.g. Bonn et al.
1971) or repeated inhalation of CO2 (e.g. Haslam
1974); (b) other procedures that provoked physical
sensations similar to panic, such as running (Orwin
1973); and (c) imaginal exposure to fears not obvi-
ously related to the target complaint (i.e. imagining
being eaten by tigers when the target complaint is ago-
raphobia; Watson & Marks 1971). Such disparate
findings did not make much sense under the then pre-
vailing notion of agoraphobia being a fear of public
places. However, they do make sense under the twin
assumptions that the relevant cues in each case are 
the stimulus consequences of physiological arousal
induced by the various procedures and that the emo-
tional reactions to such cues are subject to reduction
with repeated exposure.

The efficacy of cognitive-behavioral programs for
PD incorporating interoceptive exposure techniques
has since been demonstrated in a number of controlled
studies. Barlow et al. (1989) compared a comprehens-
ive cognitive behavioral program that combined 
psychoeducation, breathing retraining, applied relaxa-
tion, interceptive exposure, and cognitive restructure
to several control conditions, including a similar CBT
program without the applied relaxation component,
applied relaxation only, and waitlist. At the post-
treatment assessment, more than 70% of participants
in the two treatment conditions that incorporated 
interoceptive exposure were panic free in comparison
to 40% of patients in the relaxation condition, and
33% in the waitlist condition. In a second study,
Klosko et al. (1990) compared the full CBT program
to alprazolam, placebo, and waitlist control. After
treatment, 87% of participants in the CBT were panic
free compared to 50% in the alprazolam condition,
36% in the placebo condition, and 33% in the waitlist
condition. Craske et al. (1995) compared a condensed
version of the full CBT package (four 60–90 min ses-
sions, compared to 15 60 min sessions in the previous
studies) with nondirective supportive therapy. At the
post-treatment assessment, 53% of participants who
experienced at least one panic attack during the week
preceding the pretreatment assessment were panic free
in the week after treatment compared to 8% of particip-
ants in the supportive therapy condition. In the most
recent study by this group of researchers, Barlow et al.
(2000) compared their comprehensive CBT program, to
which in vivo exposure along with interoceptive expo-
sure, cognitive restructuring, breathing retraining, and
applied relaxation, to imipramine alone, imipramine
plus CBT, placebo alone, and placebo plus CBT. 
After treatment, significantly more participants were
classified as treatment responders in the CBT (49%)
imipramine (46%) conditions, compared to placebo
(22%). The two combined treatment conditions (CBT
plus imipramine and CBT plus placebo) were numeri-
cally superior to the individual treatment conditions
(60% and 57% treatment responders, respectively).

Other research groups have demonstrated the efficacy
of CBT interventions incorporating interoceptive ex-
posure exercises. Telch et al. (1993) compared a CBT
program that combined psychoeducation, cognitive
therapy, breathing retraining, and interoceptive expos-
ure to waitlist. After treatment, 85% of patients under-
going CBT were panic free in comparison to only 30%
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was associated with fewer dropouts and it worked more
rapidly and more thoroughly on symptom reduction.

Second, a meta-analysis conducted by Gould et al.
(1995) obtained a mean post-treatment effect size of
.88 from seven studies comparing CBT with waitlist
control. This may be contrasted with an effect size of
.53 from four studies comparing cognitive restructur-
ing plus in vivo exposure with in vivo exposure alone,
raising the possibility that interoceptive exposure is a
more powerful adjunct to therapy than is cognitive
restructuring. However, as the authors note, it would
be premature to draw a firm conclusion about the relat-
ive efficacy of interoceptive exposure and cognitive
therapy as add-on therapies to cognitive restructuring.
The comparison condition used in the computation 
of effect sizes for the in vivo exposure plus cognitive
restructuring combination (i.e. in vivo exposure alone)
is a more powerful control group than the one used to
compute effect sizes for the CBT interventions that
included interoceptive exposure (i.e. the waitlist).

Third, relevant dismantling studies/component ana-
lyses designed to evaluate the contribution of intero-
ceptive exposure to the larger treatment package are
beginning to appear. In the first such study, Craske
et al. (1997) compared two CBT groups, both of 
which incorporated cognitive restructuring and in vivo
exposure. In addition, one group also included intero-
ceptive exposure, while the other group included
breathing retraining instead. The two treatments were
equally effective on most outcome measures. However,
the group that received interoceptive exposure had
better outcome on panic frequency both immediately
after treatment and at 6-month follow-up. Hecker et al.
(1998) utilized a crossover design to compare the
efficacy of cognitive therapy and interoceptive exposure.
Each group received four sessions of each treatment,
but in reverse order. Although the authors expected
cognitive therapy to be superior, improvement in both
conditions was comparable and the order of treatments
did not affect outcome. On average, subjects improved
during the first phase of treatment and maintained their
gains. In the most recent study, Ito et al. (2001) com-
pared three variations of self-conducted exposure 
therapy (meetings with therapist generally lasted 30 min
and focused on developing homework assignments)
with one another and a waitlist control. The three active
treatments were in vivo exposure alone, interoceptive
exposure alone, and combined in vivo and interocep-
tive exposure. All three treatments were superior to the

of those in the waitlist condition. Clark et al. (1994)
compared CBT to applied relaxation and imipramine.
Fully 90% of participants in the CBT condition were
panic free at the end of treatment, compared to 50% 
of participants in the applied relaxation condition,
55% in the imipramine condition, and only 7% in the
waitlist condition. In a second study by this group
(Clark et al. 1999), the full (12 sessions) CBT program
was compared with a briefer version (five sessions) of
the same treatment that utilized home-study materials to
supplement the therapy sessions. At the post-treatment
assessment, significantly more participants who re-
ceived CBT (79% in the full treatment program and
71% in the brief treatment program) were panic free in
comparison to waitlist (8%).

The studies discussed above, and others (e.g. Beck
et al. 1992; Gould et al. 1993; Gould & Clum 1995),
clearly indicate that CBT programs incorporating in-
teroceptive exposure are consistently better than wait-
list or placebo control conditions, more effective than
relaxation, and as or more effective than some medica-
tions. However, these CBT packages include other active
treatment components as well, most notably cognitive
therapy. Mavissakalian et al. (1983) and Marchione
et al. (1987) both found that adding cognitive restructur-
ing to in vivo exposure substantially improved outcome,
although Williams and Rappaport (1983) found that
adding cognitive restructuring decreased the efficacy of
in vivo exposure based on the guided mastery model.

Evidence that interoceptive exposure contributes 
to the efficacy of CBT programs comes from three
additional sources. First, there are controlled studies
demonstrating that repeated interoceptive exposure
alone, through repeated physiological challenge pro-
cedures or strenuous exercise, can result in symptom
reduction. For example, Griez and van den Hout (1986)
utilized a crossover design to compare the efficacy of
the β-blocker propranolol and repeated inhalations of
CO2. Each phase of the study lasted 2 weeks, separated
by a 2-week no-intervention period. Although the fre-
quency of panic attacks declined during both treatments,
only CO2 inhalation was associated with decreased
scores on a questionnaire measure of fear of bodily sen-
sations. More recently, Broocks et al. (1998) compared
the efficacy of 10 weeks of aerobic exercise (running 
4 miles, three times per week), clomipramine, and pill
placebo. Relative to placebo, both treatments were effec-
tive in reducing symptoms of anxiety and depression.
However, compared to aerobic exercise, clomipramine
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waitlist condition, and no significant differences were
observed among the three exposure conditions. Post-
treatment effect sizes comparing each treatment to
waitlist on a measure of phobic avoidance were 2.5,
3.0, and 1.6 for in vivo, interoceptive, and combined
exposure conditions, respectively.

Virtual reality

Recent advances in computer technology may make
conducting exposure therapy easier through the use 
of virtual technology. The potential for using virtual
technology in the conduct of exposure therapy has
been hinted at through a growing number of case 
studies (see Glanz et al. 1996 for a review). Published
case studies in which virtual technology has appeared
effective include cases of acrophobia (Rothbaum et al.
1995b), claustrophobia (Botella et al. 1998), flight
phobia (Rothbaum et al. 1996; Wiederhold et al. 1998),
and spider phobia (Carlin et al. 1997).

Two published randomized controlled trials utilizing
virtual technology have also been reported. Rothbaum
et al. (1995a) compared virtual reality exposure therapy
with a waitlist control condition in treating 20 college
students with a fear of heights. Results revealed sign-
ificantly greater improvement for subjects receiving
virtual reality exposure, although seven of the 10 sub-
jects in this condition also practised in vivo exposure
although they had not been instructed to do so. Thus,
the outcome results probably reflect the effects of both
virtual and real exposure. However, it is likely that eng-
aging in virtual exposure made it easier for these subjects
to subsequently practice real life exposures. Rothbaum
et al. (2000) compared virtual reality exposure with
standard in vivo exposure in the treatment of the fear of
flying. This study also included a waitlist control group.
After completing treatment, subjects took a commer-
cial flight to evaluate their willingness to fly and their
anxiety during the flight. Compared to waitlist, both
treatments were effective, no differences were observed
between the two active treatment conditions, and treat-
ment gains were maintained at 6-month follow-up.

Summary

The above review indicates that exposure therapy is a
highly effective intervention in its own right for most

anxiety disorders, and is an important element of most
effective CBT packages for anxiety problems, regard-
less of which diagnosis. That said, not all forms of
exposure therapy are equally effective, and this may be
further qualified that how exposure therapy is best
applied may be moderated by some extent to the anxi-
ety disorder under consideration. We offer the follow-
ing more specific conclusions and recommendations.
1 In vivo exposure appears to be more effective than
imaginal exposure. This is most clearly seen in the treat-
ment of specific phobias and agoraphobia, and should
be used in these instances whenever possible. Further-
more, the participant modeling approach to in vivo
exposure, where the therapist is actively involved in
helping the patient to master the exposure tasks appears
especially effective. A potential disadvantage of in 
vivo exposure are the added burdens on the therapist
involved in conducting therapy sessions outside the
convenience of the office and the need to be creative in
obtaining appropriate stimuli for in vivo exposures
(e.g. obtaining several examples of bugs or insects).
2 Imaginal exposure is especially useful when the feared
stimuli are intrusive thoughts, images, or memories as
in the cases of OCD and PTSD. Imaginal exposure may
also be useful when the feared stimuli are difficult to
obtain for use in in vivo exposure. Imaginal exposure
may also be useful as a stepping stone toward a parti-
cular in vivo exercise if the in vivo exercise cannot itself
be broken down into smaller achievable steps.
3 In the future, virtual reality technology may become
more widely available as a third exposure medium.
Although the number of studies on virtual technology
is still limited, the results appear as though it may be as
effective as in vivo exposure. Once the technology
becomes more widely available, this may become a
convenient and possibly cost-efficient way to conduct
exposure.
4 Interoceptive exposure exercises have significantly
helped to advance the treatment of PD.
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Anxiety Disorders: Alternative 
Drug Treatments
N. Laufer, S. Gur, R. Gross-Isseroff & A. Weizman

In 1985, Munjack et al. (1985) conducted a 6-week
crossover comparative trial between imipramine and
propranolol with a blind assessor in 38 patients. About
half the patients with PD achieved complete remission
with both drugs, and a further third were partially
responsive although a large drop-out rate (40%) and
absence of double-blind conditions should be noted.
Although Ravaris et al. (1991) found propranolol and
alprazolam to be equally effective, with an improve-
ment rate of over 75%, a similar study by Noyes et al.
(1984) (N = 20) with propranolol and diazepam
showed that diazepam induced a moderate improve-
ment in symptoms in most patients whereas propra-
nolol was beneficial in only one-third. In one of the
very sparse double-blind, placebo-controlled trials
reported (Munjack et al. 1989), the propranolol and
placebo groups had a similar response rate (43% and
40%, respectively).

These contrasting results might be partially ex-
plained by differences in the clinical characteristics of
the studied population, the study design, the length of
trial and the dose-titration. The patient sample in the
study of Munjack et al. (1989) comprised primarily 
of nonagoraphobic patients with a shorter duration 
of illness compared to the study of Ravaris et al.
(1991), where 65% of the patients had moderate to
severe agoraphobia and a longer duration of illness. 
As agoraphobia and long-duration of PD have been
shown to predict a positive preferential response to
propranolol, this might explain positive results in the
latter study. Further, Noyes et al. (1984) used a rapid
dosage incrementation and noted significant side-
effects, whereas Munjack et al. (1985) used gradual
dose increases and noted no side-effects, which might
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Panic disorder

Although standard agents, such as tricyclic antidepres-
sants (TCAs), benzodiazepines, monoamine oxidases,
and selective serotonin reuptake inhibitors, with or with-
out cognitive behavioral therapy have demonstrated a
high rate of response (70–90%), in panic disorder
(PD) efficacy may be more limited in the presence of
multiple symptom domains and comorbidities and/or
when side-effects are present. The results for some
alternative pharmacologic treatments for PD have
been encouraging, although the number and range of
controlled double-blind studies in this area are limited.

Noradrenergic agents

A relationship between noradrenergic activity and anxi-
ety was first suggested by Redmond and Haung (1979);
who noted that stimulation of the locus coeruleus (LC)
in primates caused an anxiety reaction similar to a
panic attack (PA). Challenge studies measuring physio-
logical, anxiogenic and metabolite responses have
indicated that abnormal β- and α2-adrenergic function
may be part of the underlying mechanism (Charney &
Heninger 1986; Charney et al. 1987).

An early open trial of propranolol 20–80 mg daily
in 10 patients with PAs (six with PD) demonstrated a
suppression of symptoms in patients with a history of
disease of 6 months or less (Heiser & Defrancisco 1976).
A later double-blind placebo-controlled crossover study
with propranolol showed a reduction of both somatic
and psychic symptoms in 17 of 26 patients with chronic
anxiety disorders, including of 19 with PD or agora-
phobia with PAs (Kathol et al. 1980).
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good response at doses of 0.2–0.5 mg/day, whereas
the remainder had only transient responses despite dose
increases (up to 1.0 mg/day) or intolerable side-effects.
Hoehn-Saric et al. (1981), in a 4-week double-blind
placebo crossover study reported only a moderate clin-
ical effect with the same doses. There was a significant
improvement in the 1st week in psychic symptoms of
anxiety, but only a transient decrease in somatic symp-
toms. Moreover, in 3/14 patients symptoms worsened,
and treatment had to be discontinued. It should be
noted, though, that this patient population has been
previously treated for PD with other medications (not
described), so they might represent a treatment refrac-
tory sample.

The administration of oral clonidine to 18 patients
in a 10-week double-blind flexible-dose, placebo-
controlled trial yielded anxiolytic effects in some 
panic and anxiety measures in some patients, but not
in the group as a whole (Uhde et al. 1989). By contrast,
in a small 6-week crossover, placebo trial clonidine
hydrochloride (4–5 µg/kg/day) was found to be more
effective than imipramine hydrochloride (100 mg/day)
in reducing anxiety stimulated by phobic exposure 
(Ko et al. 1983).

Most of the studies reported significant side-effects
in the majority of subjects, such as sedation, fatigue
and loss of motivation. The greater usefulness shown
by short-term over long-term anxiolytic treatment
might be explained by tolerance, which has also been
reported for clonidine’s sedative and analgesic prop-
erties (Drew et al. 1979). This is supported by the 
relatively consistent finding of transient responses in
some patients across the studies. Tolerance to the 
anxiolytic effect of chronic clonidine treatment has
been postulated to be due to desensitization of the LC
α2-autoreceptors.

Anticonvulsants

PD and epilepsy, particularly temporal lobe epilepsy
share some common phenomenology (Gloor et al.
1982) and high reported rates of comorbidity have
been described (McNamara & Fogel 1990). Both 
have been shown to involve abnormalities in distinct
common brain regions, namely the temporal/limbic,
by magnetic resonance imaging and positron emission
tomography studies. Further electroencephalographic
(EEG) abnormalities have been reported in 16–40%
of patients with PD, suggesting that some “epileptiform”

also be relevant in view of the presence of side-effects
predicting a poor response. Furthermore, in view of
the known placebo response rate variability, the lack
of placebo washout or placebo control in most of the
studies limits the conclusions that can be drawn.

There are some data to suggest that the combination
of β-blockers with other treatments may be useful.
Two open-label studies combined propranolol with
either diazepam (Hallstrom et al. 1984) or alprazolam
(Shehi & Patterson 1984) and found that the combina-
tion was superior to propranolol alone and/or allowed
the use of lower doses of each drug.

Pindolol is a β-blocker with additional antagonistic
serotonergic properties (5-HT1A receptor blockade).
It has been shown in some studies to augment the
antidepressant response to treatment in patients with
major depression. A double-blind placebo-controlled
study (N = 25) suggests that it might also be efficacious
in patients with PD who failed to respond to fluoxetine
(20 mg for 8 weeks) and who were treated previously
with at least two antidepressant medications (response
to latter medications not described: Hirschmann et al.
2000).

Although recommendations regarding the use of β-
blockers in PD cannot yet be made, propranolol has
been considered the drug of choice for panic symptoms
associated with mitral valve prolapse (Venkatesh et al.
1980). It may also be the rational choice in PD patients
with medical comorbidities that require treatment
with β-blockers, such as hypertension. However, clini-
cians should remember that β-blockers can be harmful,
especially in patients with asthma and diabetes and
may provoke or exacerbate depression.

Clonidine

Clonidine is an α2-adrenergic receptor agonist that
inhibits the spontaneous firing of norepinephrine
(noradrenaline) neurones in the LC, a site known to be
important in the mediation of anxiety (Svensson et al.
1975). Many studies have shown that intravenous
administration of clonidine hydrochloride in single
doses of 1.5–2.0 µg/kg acutely decreases anxiety in
patients with PD (Charney & Heninger 1986; Nutt
1989; Uhde et al. 1989). However, Coplan et al. (1992)
failed to confirm these findings.

Liebowitz et al. (1981) conducted an 8-week open
trial in patients with PD or agoraphobia with PAs.
They found that only four out of 11 subjects had a
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activity may play a role in the disorder (Stein & Uhde
1989).

Valproic acid (sodium valproate)

A small number of case reports have described anti-
panic effects of valproic acid (Roy-Byrne 1988;
McElroy et al. 1991). In three open trials of valproic
acid with a total of 36 patients, 28 showed moderate 
to marked improvement in PAs and general anxiety,
with varying but less improvement demonstrated in
phobic symptoms (Primeau et al. 1990; Keck et al.
1993; Woodman & Noyes 1994). Generally, there
was a rapid response in the 1st week, with further,
gradual improvement for up to 6 weeks.

The only double-blind placebo-controlled, random-
ized crossover study in this area was conducted in
patients with PD after withdrawal (7-day washout)
from benzodiazepines (Lum et al. 1991). Treatment
with valproic acid led to a significant improvement in
scores in the length and intensity of the PAs, and in the
psychic and somatic anxiety scores. The relevance of
the findings to drug-naive or benzodiazepine non-
responders remains to be determined.

Ontiveros and Fontaine (1992) reported a case
series of four patients unresponsive to antidepressants
and/or benzodiazepine, in whom valproate was added
to ongoing clonazepam treatment, with a marked
improvement in symptoms within 4 weeks. Although a
decrease in the clonazepam dose resulted in a recur-
rence of the PAs, valproate was gradually decreased
and stopped without relapse in two cases. The authors
speculated that the beneficial effect of this drug combina-
tion was attributable to an increase in γ-aminobutyric
acid (GABA) transmission via the different mechanisms
of actions of the two agents.

In most studies valproic acid was reasonably well
tolerated. Patients experienced few side-effects that
limited treatment, although some reported gastro-
intestinal dysfunction, dizziness and sleepiness (Lum 
et al. 1991).

Carbamazepine

Carbamazepine (CBZ) has been reported to be effective
in ameliorating PAs in patients with EEG abnormalities
(McNamara & Fogel 1990; Dantendorfer et al. 1995).
In an open trial (Tondo et al. 1989) with 34 patients
treated for a year with CBZ, a good response, measured

by number of attacks, degree of avoidance behavior,
and active functioning was noted in 58.8% of patients,
with a significant correlation between response and
the duration of treatment and drug dose. However,
Klein et al. (1982) in a study of 10 patients treated with
CBZ, reported a decrease in help-seeking behaviors
and dysphoria, but no decrease of PAs.

In the only controlled study conducted to date, CBZ
was not found to be significantly superior to placebo
with regard to frequency of attacks, global sever-
ity index, phobic anxiety and depression subscales,
although a statistically significant decrease in anxiety
scores was noted on several measures (Uhde et al.
1988). Four of the original 18 subjects dropped out 
of the study, three because of significant side-effects
and the fourth because of a dramatic response and a
demand for treatment on an open basis. The presence
of either EEG abnormalities or prominent psychosens-
ory symptoms did not predict response to CBZ. The
results of this study are tempered by the small sample
size and the lack of exclusion of placebo responders.
Furthermore, the length of treatment may have been
inadequate, in view of the findings of the open study 
of Tondo et al. (1989), where a good response was 
correlated with the administration of CBZ for periods
longer than an average of 7.2 months (a clinically
questionable and very lengthy latency period).

Although CBZ has been shown to be efficacious in
assisting alprazolam withdrawal (Klein et al. 1994),
the 53% discontinuation rate (N = 36) contrasts with
the successful discontinuation of a variety of benzodi-
azepines in the valproic acid study (N = 12: Lum et al.
1991). Furthermore, in the CBZ study, PD symptoms
were not measured, and other factors, known to play 
a significant role in determining the success of with-
drawal, such as current and past benzodiazepine treat-
ment, dose detitration, and different pharmacokinetics
of the specific benzodiazepines discontinued, may have
contributed to the differences in efficacy.

Gabapentin

Gabapentin is a novel anticonvulsant agent. Its mechan-
ism of action is unknown, although there is some evi-
dence of an increase in GABA synthesis and release 
and alteration in monoamine neurotransmitter release
(Taylor et al. 1998). Preclinical behavioral tests have
shown a dose-dependent anxiolytic effect, comparable
to that of the benzodiazepines (Singh et al. 1996).
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intravenous injection in the tetrapeptide form (CCK-4)
induced realistic panic-like attacks in healthy volun-
teers. Later studies showed that patients with PD have
an increased sensitivity to CCK-4 (Bradwejn et al.
1991) and that CCK-4-induced PAs could be pre-
vented by the administration, in a dose-related man-
ner, of L-365,260, a compound with specific and
high-affinity antagonist activity for the CCK-B recep-
tor subtype, located primarily in the brain (Bradwejn
et al. 1994). However, the CCK-B receptor antagonist
CI-988 did not show these properties (Van Megen 
et al. 1996).

In a multicenter placebo-controlled double-blind
trial of L-365,260 in the treatment of PD with or 
without agoraphobia, 40 patients received L-365,260
(120 mg/day) and 43 placebo following a 1-week 
single-blind placebo period (Kramer et al. 1995). At
the dose tested, there were no clinically significant 
differences between the groups in global improvement,
anxiety scores, PA frequency, intensity or disability
measures. Thereafter, using a similar design, Pande 
et al. (1999a) found no difference on an interim an-
alysis (when about half the 80 patients had been
enrolled) in the weekly rate of PAs when CI-988 was
added. In both these studies, the authors noted that 
the results did not rule out the role of cholecystokinin
in PD for several reasons. First, the potential site of
action of the medications are not known, and they may
not have been distributed to the regions involved in the
prevention of endogenous PAs. Second, although peak
levels were constant at a value known to counteract
the majority of CCK-4-induced PAs (Van Megen et al.
1997), trough levels may have been insufficient. Further-
more, pretreatment with 50 mg L365,260, which has
been shown to prevent CCK-4-induced PAs in PD
patients, did not block sodium-lactate-induced PAs
(Van Megen et al. 1996) compared to clinically estab-
lished antipanic agents (Coplan et al. 1992). This indi-
cates that cholecystokinin may be involved in PD in a
manner other than as a final common pathway.

Peptides related to the pituitary adrenocorticotro-
phic hormone (ACTH), including the ACTH(4–9)
analog ORG 2766, had a similar effect to benzodi-
azepines in the social interaction animal model of 
anxiety (File 1981). However, a double-blind placebo-
controlled study in 20 patients showed no reduction 
in PAs in either group, or significant differences in 
anxiety and depression score reduction (den Boer et al.
1989).

In a randomized, double-blind, placebo-controlled,
parallel-group study, 103 patients received treatment
with gabapentin or placebo for 8 weeks (Pande et al.
2000). Although no overall between-group difference
was observed in scores on the Panic and Agoraphobia
Scale (PAS), posthoc analysis of the most severely ill
patients showed a significant improvement in PAS score
compared to placebo, but only in women. Side-effects
were consistent with the known side-effect profile of
gabapentin and included somnolence, headaches and
dizziness.

The apparent differential efficacy of clonazepam
and possible preliminary efficacy of valproic acid and
gabapentin, compared with CBZ, at least as shown 
in open trials, might be explained by the differential
effects on the activity of the GABA-benzodiazepine-
chloride ionophore macromolecular complex at the
central rather than the peripheral benzodiazepine
receptors. The follow-up compound to gabapentin,
pregabalin, is now in clinical trials for PD.

Baclofen

Since several studies have suggested that antianxiety
and antidepressant drugs that produce antipanic
effects also augment GABA transmission, Breslow 
et al. (1989) studied the effect of baclofen, a selective
GABAB agonist, in PD. Nine medication-free patients
with PD were treated with 30 mg/day of oral baclofen
for 4 weeks in a double-blind, placebo-controlled,
crossover trial. Baclofen was significantly more effect-
ive than placebo in reducing the number of PAs and
anxiety but had no effect on depressive symptoms. 
A few side-effects were reported.

Lithium

Two case reports and one case series of five patients
with PD showing a response to lithium augmentation
of tetracyclic antidepressants (Cournoyer 1986; Feder
1988; Carmara 1990) support the role of lithium in 
the treatment of PD. Like in depression, the response
occurred within 10 days. It is noteworthy that none of
the patients had a history of mood disorder.

Neuropeptides

An anxiogenic role for cholecystokinin was sug-
gested by deMontigny (1989), who observed that its
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Dopaminergic agents

Although some challenge and metabolite studies have
suggested a possible role for dopamine in PD, results
have been mixed (Johnson et al. 1994). A survey of
psychiatrists (El-Khayat & Baldwin 1998) and the recent
15-center World Health Organization Study (Ustun &
Sartorius 1995) on psychological problems in general
health care has shown significant, although variable,
frequency of antipsychotic prescription for anxiety
disorders. However, no studies have demonstrated
unequivocal efficacy in PDs (Johnson et al. 1995).

Bupropion, a dopamine uptake inhibitor, was found
in one study to be ineffective in treating PAs (Sheehan
et al. 1983). However, monoamine oxidase inhibitors
(MOIs), which possess a combined noradrenergic,
serotonergic and dopaminergic activity, are estab-
lished antipanic agents. Additional research is needed
to determine whether dopamine is involved in the
antipanic effect of these agents.

Calcium channel blockers

A small open study of calcium channel blockers (vera-
pamil 240 mg/day or diltiazem 180 mg/day) demon-
strated a favourable response in four of seven patients
with pathological anxiety and PAs (Goldstein 1985),
and a 16-week double-blind crossover study in 11 pati-
ents showed a statistically significant, though clinically
modest, reduction in the number of PAs and anxiety
rating scores, but not in agoraphobia (Klein & Uhde
1988). Four patients rated themselves as having mark-
edly benefited from the drug, three had a marginal
response, and four were complete nonresponders.

A different blocker, nifedipine, however, was inef-
fective in a single dose in the treatment of PD (N = 6:
Klein et al. 1990).

It is of interest that in a study of basilar artery flow 
in nine PD patients, a significantly greater decrease in
comparison to controls was demonstrated in response
to hyperventilation.Two patients with the greatest
decrease in blood flow in response to hyperventilation
showed symptom reduction concomitant to normaliza-
tion of blood flow response after 4 weeks nimodipine
treatment (Gibbs 1992). This study suggests that the
possible beneficial effect of calcium channel blockers
in PD may be mediated by increased cerebral blood flow.

However other possible mechanisms of action might
include inhibition of neurotransmitter (e.g. norpine-

phrine) release (Callanan & Kennan 1983), or relief of
autonomic manifestations of anxiety, namely tachy-
cardia, palpitations and increased blood pressure. How-
ever, limited trials, differences in study design, patient
samples and medications, limit conclusions.

Second-messenger agents: inositol

Inositol is an isomer of glucose and a key metabolic
precursor of the phosphatidylinositol cycle, itself a
precursor of the intracellular second-messenger system
for numerous neurotransmitters (Holub 1986). No dis-
turbance of inositol levels has yet been reported in PD.
However, it is considered a promising agent because of
its proven effectiveness in the treatment of depression
(Levine et al. 1995), and the effectiveness of antide-
pressants in the treatment of PD. Accordingly, Benjamin
et al. (1995) studied patients with PD with and without
agoraphobia given inositol 12 g or placebo in 4-week
treatment phases. The inositol group showed a signific-
ant improvement over the placebo group in the number
of PAs, panic scores and phobia scores, although no
difference was found in anxiety and depression scores.
Although the authors allowed the concomitant use of
1 mg of the benzodiazepine, lorazepam prn this was
equally true for both phases, and lorazepam did not
appear to interact with the beneficial effect of inositol.

Generalized anxiety disorder

Benzodiazepines represent the most classical and effect-
ive anxiolytic treatment for patients with generalized
anxiety disorder (GAD), although problems of side-
effects, dependence and misuse in the last 10 years has
reduced their use. Buspirone, as well as TCAs, selective
serotonin reuptake inhibitors (SSRIs), and newer
antidepressants have also demonstrated efficacy in a
number of trials. Most studies have been short-term
and long-term studies would be important given the
chronicity and course of the condition. It is also worth
noting that patients with GAD often have comorbidity
including mood disorders and substance, hypnotic or
alcohol abuse/dependence.

b-blockers

Use of β-adrenergic blockers in the treatment of anxi-
ety began when it was shown that propranolol might 
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Interestingly, another more recent 3-week double-
blind study (N = 196) comparing propranolol, diclor-
diazepoxide and placebo showed advantage of the active
groups at week 1; at week 2 advantage only for pro-
pranolol; and at the end, no differences due to improve-
ment in all three groups. In this study, propranolol
caused greater improvement in psychic than somatic
symptoms of anxiety (Meibach et al. 1987).

The most recently published study of a β-blocker
showed a dramatic improvement within 2 days in
response to betaxolol, a centrally acting agent with a
long half-life, in 29 out of 31 patients (including 27
GAD patients), although this was an open trial (Swartz
1998) and concurrent medication was continued. The
authors postulated possible advantages of this agent 
to include no intrinsic sympathomimetic activity, and
thus a greater effect against somatic manifestations of
anxiety, such as tachycardias and coronary vasospasm,
as well as no alteration of sleep architecture. However,
efficacy will need to be substantiated with placebo-
controlled studies.

Differences in results may be accounted for by 
heterogeneous samples including acute and chronic
anxiety with varying severity and duration in many
studies, lack of placebo washout in view of high
placebo response, and the nonavoidance of concur-
rent medications. Inadequate duration of many studies
with the majority under 3 weeks duration might be
important in light of the improved response at 3 weeks
in the longer studies, although the longer placebo
response should also be noted (Meibach et al. 1987).
Inadequate dosage, small sample sizes with the major-
ity less than 20, might also be relevant limitations.
Further, the influence of order of treatment in the
crossover studies (which represent the majority) may
be significant given the waxing and waning course and
spontaneous improvements in this patient group.
Another factor to consider might be β-blocker action
to improve benzodiazepine withdrawal symptoms in
the positive studies where this medication was stopped,
generally 1 week before the study. Withdrawal symp-
toms seem to peak between 3 and 7 days and continue
for 2–4 weeks (Petursson & Lader 1981) and, since
propranolol has been shown to decrease these with-
drawal symptoms that are predominantly somatic in
type (Tyrer et al. 1981), this may partly explain the
beneficial results in some of these trials. Although
some authors have suggested the importance of non-
specific factors accounting for treatment response, 

be beneficial in decreasing the autonomic symptoms 
of anxiety, especially cardiovascular manifestations
(Granville-Grossman & Turner 1966).

Most studies of β-blockers were carried out in the
1970s and propranolol is the most studied β-blocker,
although the results were conflicting. Although no
benefit was shown in two placebo-controlled crossover
trials (Ramsey et al. 1973; Kellner et al. 1974), some
advantage was shown in other studies (Tanna et al.
1977) with a superior advantage for somatic symp-
toms (Kathol et al. 1980). In comparison to an active
antianxiety drug (benzodiazepine) one study showed
equal efficacy (Wheatley 1969), but two studies showed
less efficacy although again somatic symptoms showed
some benefit (Tyrer & Lader 1974a; Tyler & Lader
1974b). With respect to other β-blockers, positive
results were reported for practolol versus placebo 
but only one rating scale was used to assess response
and most patients were taking concurrent medications
(Bonn et al. 1972). The study of sotalol versus placebo
produced mixed results and although physicians’ 
rating of improvement scales showed some advantage,
patient ratings showed no difference (Tyrer & Lader
1973). In the remaining three studies (Burrows et al.
1977; Silverstone 1974; Johnson et al. 1976) the
efficacy of oxprenolol versus placebo or an active 
antianxiety drug was evaluated. While the active
antianxiety drug showed advantage over placebo, no
significant difference between oxprenolol and placebo
was found. Furthermore no advantage for somatic
symptoms was shown in two of the studies (Burrows 
et al. 1977; Johnson et al. 1976). With respect to 
mechanism, a peripheral site of action was suggested,
given the efficacy of d-propranolol (Bonn & Turner
1971) and efficacy of nonlipid soluble β-blockers, such
as practolol. However a small double-blind placebo-
controlled crossover 3-week trial (King et al. 1987: 
N = 11) of a selective β2-adrenoreceptor antagonist
(ICI 118551) (receptors present only peripherally) in
chronic anxiety, as well as to determine whether β1- or
β2-receptor blockade was important, showed equal
improvement of symptoms when the selective antag-
onist was given in comparison to both propranolol
and placebo. In this study, eight of the 11 patients were
continued on benzodiazepines to which they were 
partially or wholly unresponsive. Thus under condi-
tions of this study, no beneficial effects of either selec-
tive or nonselective β-blockade on chronic anxiety
could be demonstrated.
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β-blockers might represent a third or fourth line treat-
ment in nonresponders to other treatments, or when
side-effects present a problem, particularly where
somatic symptoms dominate.

Peptides

Based on the evidence that infusions of CCK-4 tetrapep-
tide in animals and humans (Bradwejn et al. 1991) has
been shown to evoke anxiety and PAs, a 4-week double-
blind, placebo-controlled study of the CCK-4 receptor
antagonist CI-988 in patients (N = 88) with GAD was
carried out (Bammert-Adams et al. 1995) following a
1–2 week placebo washout. CI-988 (300 mg/day) did
not demonstrate anxiolytic effect superior to placebo.
However, the observed treatment by center interaction
and the variable placebo response rate observed among
the three centers, where two centers had a very high
placebo response as well as possibly inadequate dose,
may limit interpretation of the results.

Treatment with ORG 2766 a MSH/ACTH analog in
a double-blind placebo-controlled trial showed no sign-
ificant reduction in anxiety in 12 GAD patients (den
Boer et al. 1992). The parallel finding in PD and social
phobia raises questions regarding the predictive value of
the social interaction model in rodents for predicting
anxiolytic activity although sample sizes were small.

Antipsychotic drugs

Antipsychotic drugs were known in the past as “major
tranquilizers.” Although a survey of psychiatrists and
study in primary care suggested a significant rate of
prescription, there are only a few studies to support
their role in the treatment of nonpsychotic anxiety.
Many early studies of a variety of antipsychotics 
suffered from several flaws, such as study population
characterization, lack of exclusion of comorbidities,
high drop-out rates, and inadequate washout with use
of concomitant medications, and so conclusions were
limited (for a review see El-Khayat & Baldwin 1998).
In more recent, well-designed studies, a 6-week double-
blind study including 106 patients, flusprilene in doses
up to 1.5 mg/week was found to be effective in reduc-
ing both the somatic and psychic elements of generalized
anxiety (Wurthmann et al. 1995). There was a positive
dose–response relationship and in another study (of
205 patients) it was noted that there is a relationship
between positive outcome and the lack of side-effects

(Wurthmann et al. 1997). The paucity of side-effects
of new atypical antipsychotic drugs may stimulate
studies with these agents in the treatment of GAD.

Post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) is quite resistant
to antidepressants, and treatment is often complicated
by side-effects related to the antidepressant drugs
(Ballenger et al. 2000; Friedman 2000). Despite these
facts, there have not been many large-scale double-blind
controlled studies of nonantidepressant medications.

Anticonvulsant and mood stabilizers

As a group, the anticonvulsants are the most studied
alternative treatment for PTSD (Ford 1996; Ballenger
et al. 2000). The rationale for using anticonvulsants
stems from the kindling model, which has been impli-
cated in the etiology of PTSD (Hertzberg et al. 1999;
Friedman 2000) and has been postulated as a mechan-
ism for the efficacy in bipolar disorder.

In a double-blind comparison to placebo, 10 pati-
ents received lamotrigine at doses up to 50 mg/day.
Lamotrigine was shown to be superior to placebo in
improving both re-experiencing and avoidance/numbing
symptoms (Hertzberg et al. 1999). In an open-label trial,
16 patients treated with divalproex had a significant
decrease of intrusion and hyperarousal symptoms, but
no change of avoidance/numbing symptoms (Clark 
et al. 1999). Other case reports also support the use of
valproic acid in PTSD (Fesler 1991; Berigan & Holzgang
1995). CBZ is also reported to be useful in PTSD
(Looff et al. 1995; Lipper et al. 1986).

Anticonvulsants such as gabapentin and vigabatrin
(Macleod 1996; Brannon et al. 2000) were also used
with some benefit, each in a single PTSD patient.
Lithium was noted to decrease irritability in two PTSD
patients (Forster et al. 1995).

Antipsychotics

Antipsychotic medications are also used for the treat-
ment of PTSD and were occasionally reported as bene-
ficial in some case reports (Bleich et al. 1986; Dillard et al.
1993). There are case reports that the novel atypical anti-
psychotic drug risperidone is also useful in controlling
specific symptoms of PTSD such as flashbacks and
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(TCAs such as clomipramine [CMI] and SSRIs). 
Most studies of alternative treatments were tried on
treatment-resistant patients. This has to be borne in
mind as these patients may not represent all patients
seeking treatment and may, in some cases, represent
specific subtypes of the psychopathology in question.
Many of the studies employ small samples and are
open-labeled. Therefore replication on larger samples
in a double-blind design are needed.

Antipsychotics

Although O’Regan (1970) reported two patients 
who had a beneficial response to haloperidol alone,
another study could not replicate this finding (Hussain
& Ahad 1970). However, based on case reports on 
the efficacy of combined neuroleptic/SSRI treatment 
in obsessive-compulsive disorder (OCD) patients with
comorbid tic disorders, such as Tourette’s syndrome
(Riddle et al. 1988; Delgado et al. 1990), an open trial
in 17 patients showed efficacy of classical neuroleptic
addition in the treatment of OCD patients who did 
not response to an adequate trial of fluvoxamine 
with or without lithium (McDougle et al. 1990). 
A further double-blind, placebo-controlled study of
haloperidol addition (up to 10 mg) to fluvoxamine
nonresponders showed a significant improvement in
OC symptoms in comparison to placebo (McDougle 
et al. 1994). In both studies comorbid tic disorder 
was associated with a positive response, with a total 
of 20 out of 21 patients with the comorbid con-
dition achieving a response in contrast to nine out 
of 27 without this diagnosis. Although the classical 
neuroleptics were well-tolerated, anticholinergics were
given to all subjects and propranolol where akathisia
developed.

The most commonly reported adjunctive treatment
of OCD consists of the atypical antipsychotic agents,
as either monotherapy or augmentation of SSRIs.

Risperidone, a 5-HT2A/D2 antagonist, has been
tried either alone (Dryden-Edwards & Reiss 1996) or
in combination with a SSRI (McDougle et al. 1995;
Stein et al. 1997; Agid & Lerer 1999; Fitzgerald et al.
1999); in a number of cases the results are contra-
dictory. While in some patients a clinically significant
improvement in OC symptoms was noted (McDougle
et al. 1995; Stein et al. 1997; Agid & Lerer 1999;
Fitzgerald et al. 1999), others reported exacerbation 
of these symptoms with risperidone (Dryden-Edwards

nightmares (Leyba & Wampler 1998), irritable aggres-
sion (Monnelly & Ciraulo 1999), and intrusive thoughts
and emotional reactivity (Krashin & Oates 1999).

Adrenergic agents

Various noradrenergic mechanisms have been sug-
gested to play a role in the pathophysiology of PTSD
and its typical disturbances of arousal and memory
(Southwick et al. 1999; Coupland 2000; Raskind et al.
2000). Patients with PTSD have increased α2 receptor
sensitivity as shown by challenge tests (e.g., yohimbine
challenge: Southwick et al. 1999).

Treatment with betaxolol, a long-acting β1-adrenergic
blocker, led to a decrease of anxiety in several PTSD
patients (Swartz 1998). The α1-adrenergic antagonist
prazosin was shown to ameliorate nightmares in four
PTSD patients, with a dose-dependent effect (5 mg/day
being more effective than 2 mg/day) (Raskind et al.
2000). A similar response was noted with the use of the
α2-agonist guanfacine (Horrigan 1996; Horrigan &
Barnhill 1996). Propranolol, a β-blocker, and clonidine,
an α2-agonist, both of which have a suppressive effect
on noradrenergic activity, were shown to be effective in
treating the re-experiencing and hyperarousal symptoms
in open trials (Famularo et al. 1988; Kinzie & Leung
1989; Harmon & Riggs 1996; Southwick et al. 1999).
All these trials were with a relatively small number of
patients, the largest was 11 and in most trials the sub-
jects were children.

Opiate antagonists

Opiate antagonists, including nalmefene and nal-
trexone, were also reported as beneficial in reducing
flashbacks in a few cases of PTSD (Bills & Kreisler
1993; Glover 1993).

Inositol

Inositol, a signal transduction modulator, was used
with some benefit in the treatment of PTSD in a small
trial (Kaplan et al. 1996).

Obsessive-compulsive disorder

Obsessive compulsive (OC) symptoms in up to 40–60%
of patients are unimproved with classical treatment

CHAPTER 25

470



ALTERNATIVE DRUG TREATMENTS

& Reiss 1996). All of these studies were open-label
studies on a limited number (one to eight) patients.
Recently, two relatively large-scale studies on risperi-
done augmentation in OCD were published. One was
a double-blind placebo-controlled study of risperidone
augmentation of SSRIs and reported a significant ame-
lioration of OC symptoms in the treated group (N =
18) as compared to the placebo group (McDougle et
al. 2000). The second study was an open-label risperi-
done augmentation study (N = 20) (Pfanner et al.
2000) and it also reported a significant decrease in OC
symptoms. There is still a need for large-scale double-
blind, placebo-controlled trials.

Olanzapine, a 5-HT2,D1, D2, D3 and D4 antagonist
with α1-adrenergic and muscarinic antagonist activity,
has also been tried in some drug-resistant OCD pati-
ents in the treatment of OCD as either monotherapy
(Degner et al. 2000; Ohaeru 2000) or in combination
with SSRIs (Potenza et al. 1998; Weiss et al. 1999;
Bogetto et al. 2000). It seems that this drug is well-
tolerated and has a beneficial effect on OC symptoms.
Again, we still lack the benefit of large-scale, double-
blind, placebo-controlled studies, as the reported trials
were carried out on four to 10 patients and were open-
label studies.

Clozapine, which has a similar pharmacological
profile to olanzapine except for a lower affinity to 
D2 receptors, was similarly tried for the alleviation 
of OC symptoms (Steinert et al. 1996; Strous et al. 
1999; Tibbo & Gendemann 1999) with good re-
sults. However, as with other atypical neuroleptics,
clozapine can also aggravate pre-existing OCD, or
even precipitate obsessive symptoms in symptom-
free patients who suffer from other disorders (De
Haan et al. 1999). It is important to note again, 
that trials with clozapine were open-label case his-
tories and, to the best of our knowledge, there are 
no placebo-controlled double-blind studies of this
medication.

It is important to note that, in this context, in most
studies the atypical antipsychotic agents were tried in
OCD patients refractory to serotonin reuptake inhibitor
(SRI) treatment, or those with comorbid diagnoses
such as personality disorder, tic disorder and schizo-
phrenia. These groups may turn out to be specific 
subtypes of OCD. It is noteworthy that olanzapine has
been demonstrated to possess antiobsessive activity 
in some schizophrenic patients with OC symptoms
(Poyurovsky et al. 2000).

Adrenergic agents

Pindolol, a β-adrenergic/5-HT1A blocker was tried in
a few studies in augmentation of SRIs. In a case series
of eight patients showing limited response to SSRI, the
addition of pindolol in doses between 7.5 and 10 mg
caused remission in one patient only when given for
between 2 and 10 weeks (Koran et al. 1996). A placebo-
controlled double-blind study to determine the efficacy
of pindolol addition to fluvoxamine at the beginning
of the treatment in 15 patients showed no difference 
in response and no shortening of response latency
(Mundo et al. 1998). However, a more recent double-
blind study in 14 treatment-resistant OCD patients
showed a significant improvement in OC symptoms 
at 4 weeks when added to paroxetine at a dose of 
7.5 mg (given t.i.d.) (Dannon et al. 2000). These stud-
ies were performed after it had been found that 
pindolol augmentation in major depressive disorder
was successful. A possible reason for the discrepant
findings with the Koran et al. (1996) study might be
related to inadequate dosage frequency in the latter
study (which was given b.i.d. to improve compliance).
This may have produced inadequate plasma levels 
in view of the short half-life of pindolol of 3–4 h.
These conflicting studies need large-scale replication,
as well as basic studies to elucidate the mechanism 
of interaction between pindolol and SSRIs. It is pos-
sible that the antagonistic activity of pindolol at the
somatodendritic 5-HT1A receptor enables seroton-
ergic neurotransmission (Blier et al. 1998; Haddjeri 
et al. 1999).

Clonidine, an α2-adrenergic agonist has been used in
OCD as both a pharmacological challenge (Brambilla
et al. 1997a,b) and as a therapeutic agent (Hewlett 
et al. 1992; Dolfus 1993; Jenike 1993). OCD patients
have a blunted growth hormone response to clonidine
(Brambilla et al. 1997a). This suggests a subsensitivity
of α2-adrenergic receptors. Since these receptors are
thus implicated in the pathophysiology of OCD it
seems reasonable to try treatments that interfere with
them. Clonidine was therefore tried as a treatment 
of OCD with contradictory results. A double-blind
placebo-controlled crossover study has found no
beneficial effects of clonidine in OCD (Hewlett et al.
1992). On the other hand, clonidine was found to be
beneficial in Tourette-related OCD (Dolfus 1993) and
as augmentation in treatment-resistant OCD (Jenike
1993).
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due to reduction in circulating androgens and estro-
gens (Eriksson 2000).

Peptides

Oxytocin may play a role in the pathogenesis of some
forms of OCD. This assumption is based on elicited
OC-like behaviors in rats on oxytocin administration,
as well as reports of exacerbations of OC symptoms in
pregnancy or puerperium. OC symptoms might repres-
ent pathological correlates of exaggerated maternal
behavior as a result of CSF oxytocin changes or raised
CSF oxytocin levels as was reported in OCD patients
in comparison to controls (Leckman et al. 1994).
However, although a case report detailed symptomatic
improvement in one man treated with intramuscular
oxytocin for 4 weeks, other case reports (N = 3 and 
N = 2) showed no improvement although these were
in single doses (Charles et al. 1989; Salzberg & Swedo
1992). A randomized double-blind placebo-controlled
trial in 12 patients for 6 weeks also showed no benefit
(den Boer & Westenberg et al. 1992), and a further
randomized double-blind, placebo-controlled cross-
over trial in 7 patients using higher doses showed no
benefit (Epperson et al. 1996). However, the study
length of 1 week was suggested as a possible limitation
and reason for failure to respond.

Hallucinogenic agents

Lately it has been noted in a series of cases that hallu-
cinogenic agents, such as lysergic acid diethylamide
(LSD), a 5-HT2 partial antagonist, can alleviate OC
symptoms for a period of time exceeding their use
(Moreno & Delgado 1997). Most probably these
agents act directly on the serotonergic system, though
the mechanism of action on OC symptoms remains to
be elucidated. Controlled trials of these agents are
presently underway (Delgado, pers. comm.).

Mood stabilizers

Two double-blind trials of lithium as an augmentation
to serotonergic drugs did not produce conclusive 
evidence of the effectiveness of such a regimen. In a
placebo-controlled trial of lithium augmentation to
fluvoxamine there was a small reduction in OCD
symptoms after 2 weeks (20 patients) but not after 
4 weeks (10 patients: McDougle et al. 1991). A similar

Opioid agents

Two open-label trials with the opioid agent tramadol
were reported (Shapira et al. 1997; Goldsmith et al.
1999). Tramadol is a mixed SRI and µ-antagonist. Both
studies reported amelioration in OCD symptoms. 
An earlier trial on two patients administered naloxone,
a nonselective opioid antagonist, to OCD patients 
and found exacerbation of OC symptoms (Insel &
Pickar 1983). Though the mechanism of action is
unclear, it is tempting to speculate that these effects 
are due to interactions between the opioid system and
the serotonergic system. It is of interest in this context,
that plasma beta-endorphin levels were found to be
decreased in untreated OCD patients (Weizman et al.
1990).

Antiandrogens and adrenal steroids

Based on case series and case reports that have described
a reduction in OC symptoms during treatments that
antagonized gonadal steroids (Casas et al. 1986; Leonard
1989; Weiss et al. 1995; Chouinard et al. 1996; Eriksson
2000: total N = 10) and on the hypothesis that
gonadal hormones play a role in the pathogenesis 
of OCD, the antiandrogen treatment flutamide, was
given to determine the role of androgen receptor 
activation in OCD exacerbation by gonadal steroids.
This open study with eight patients found no reduction
in OC symptoms and anxiety, although reduction in
aggressive feelings was observed (Altemus et al. 1999).
These results seem to suggest a limited role of androgen
receptor activation although double-blind placebo-
controlled studies would be important to rule out
efficacy. The lack of response to an androgen receptor
antagonist only, might suggest that exacerbation of
OCD symptoms may be mediated through estrogen
receptors or receptor-independent mechanisms. Estrogen
receptors might be important due to the interaction
demonstrated between gonadal hormones and the
serotonergic system (Toren et al. 1996). Furthermore,
in the positive case reports and series cited, the agents
used also reduced synthesis of circulatory estrogens:
cypoterone acetate due to suppression of luteinizing
hormone release (Casas et al. 1986; Weiss et al. 1995);
testolactone due to aromatase inhibition (Leonard 1989);
aminoglutethimide due to global steroid biosynthesis
inhibition (Chouinard et al. 1996); and triptorelin, a
long-acting gonadotrophin-releasing hormone analog
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augmentation to clomipramine treatment was ineffect-
ive in 16 patients (Piggot et al. 1991).

However another mood stabilizer and anticon-
vulsant, gabapentin, was reported to be of beneficial
effect in case reports (Cora-Locatelli et al. 1998a). In
other case reports, valproate (Cora-Locatelli et al.
1998b) and CBZ (Koopowitz & Berk 1997) were
found to be effective in reducing OC symptoms, speci-
fically in patients with comorbid epilepsy.

Inositol

Inositol, a molecule involved in cellular signal trans-
duction, has been tried as both monotherapy (N = 13:
Fux et al. 1996) and in combination with SRIs 
(N = 10) (Seedat & Stein 1999), with relatively good
results. Even though these studies were double-blind, 
a replication in a larger sample is needed.

Autoimmune aspects

A subgroup of paediatric OCD patients belong to the
category of pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections
(PANDAS). A pilot study of penicillin prophylaxis 
for children suffering such OCD (N = 37) failed to
produce positive results (Garvey et al. 1999). On the
other hand, plasma exchange (N = 10) was found to
significantly reduce OC symptoms as compared to an
appropriate placebo group (Perlmutter et al. 1999).

Social phobia

Social phobia (SP) is a common disabling condition
often associated with other psychiatric comorbidities.
It may be categorized into the more common and more
severe generalized type and the performance type. 
In the last 10 years monoamine inhibitors, benzodi-
azepines and, most recently, SSRIs have shown promise
as treatment agents, although the efficacy and side-
effects vary. Studies in the now classical treatments are
just beginning to be replicated, so studies in alternative
medication are limited.

Noradrenergic agents

There is some evidence suggesting an autonomic ner-
vous system dysfunction in SP. Behavioral challenge

studies have reported higher heart rate responses in
patients with performance phobia compared to patients
with generalized phobia (Heimberg et al. 1990; Levin
et al. 1993). Stein et al. (1992) found that orthostatic
challenge in patients with SP led to higher plasma
norepinephrine levels, but this was not replicated in
another study by the same group (Stein et al. 1994).
Potts et al. (1996) demonstrated an increase in social
anxiety in response to yohimbine in a placebo-
controlled crossover study in six patients.

Of the analog studiesaall in nonpatient samples that
examined the effect of β-blockers on anxiety during
observed performance, which shares many features with
performance phobiaaeight studies found β-blockers
to be superior to placebo in reducing some aspects of
performance anxiety, whereas three did not (Liebowitz
et al. 1985). Ten of the 11 studies involved nonselective
β-blockers, but one used atenolol, a cardioselective 
β-blocker that penetrates the central nevous system
less well than propranolol. This study found atenolol
efficacious, indicating a peripheral mode of action in
performance anxiety.

A small placebo-controlled trial of the β-blocker
propranolol in the treatment of SP revealed no differ-
ences with placebo. However, all the patients were
concomitantly receiving social skills training (Falloon
et al. 1981). Gorman et al. (1985), in an open clinical
trial reported a good response in patients with SP to
atenolol, but this was not supported in subsequent
double-blind studies (Liebowitz et al. 1991, 1992). In
the latter, the sample was comprised predominantly 
of patients with generalized SP, and the number of
patients with performance-type phobia was too small
for a separate analysis.

In a case report, clonidine demonstrated a good
response in a patient unresponsive to other pharmaco-
logical treatments and psychotherapy where a possible
mechanism involving thermoregulation was postu-
lated (Goldstein 1987).

Anticonvulsants

The only anticonvulsant study to date in the treatment
of SP is gabapentin. In a randomized, double-blind,
placebo-controlled trial (Pande et al. 1999b), 69 pa-
tients were randomized to receive gabapentin (900–
3600 mg daily) or placebo for 14 weeks. Changes 
in symptoms of SP were evaluated by clinician and
patient rating scales. The results showed a progressive
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ated with the presence of detachment, a personality
trait that may be relevant to SP (Farde et al. 1997).
5 In animal models, social status has been shown to 
be reflected in differences in dopamine D2 striatal 
density (Grant et al. 1998). Only one case series of a
pure dopaminergic agent has so far been published
(Villarreal et al. 2000). Four subjects with generalized
SP were given pergolide, a potent D1 and D2 dopamine
agonist, for 12 weeks. Two dropped out after 4 weeks,
one because of drug side-effects and lack of efficacy,
and the other was lost to follow-up. No change was
found in SP symptoms in any of the subjects.

Neuropeptides

In a small double-blind, placebo-controlled study,
treatment with ORG 2766 (ACTH [4–9] analog) in 
12 patients resulted in only a small decrease in scores
on the avoidance and anxiety subscale of the SP scale,
with no significant difference compared to placebo
(den Boer et al. 1994).
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Hypothesized brain circuit abnormalities
in anxiety disorders

Association between basal ganglia disease and obsessive-
compulsive symptoms, plus evolving knowledge of
ganglia function, led to proposals that this was a likely
locus of dysfunction in obsessive-compulsive disorder
(OCD: Pitman et al. 1987; Rapoport & Wise 1988).
Neuroimaging studies using different structural and
functional imaging techniques have found: (i) abnormal
basal ganglia volume in patients (e.g., Luxenberg et al.
1988; Robinson et al. 1995; Rosenberg et al. 1997),
although not always consistently (Aylward et al. 1996);
(ii) Other studies noted that, even with normal striatal
volume, other abnormalities, such as low N-acetyl-
aspartate concentrations on magnetic resonance spec-
troscopy were found, presumably representing reduced
basal ganglia neuronal integrity (Ebert et al. 1997;
Bartha et al. 1998).

Since OCD may in theory arise from dysfunction in
several brain regions, perhaps most likely at different
points in corticobasal circuits, structural measures may
find abnormalities in any given region inconsistently.
For example, prefrontal cortex dysfunction is also
likely to play a role in OCD (Flor-Henry et al. 1979;
Ward 1988; Otto 1992). However, initial studies of
prefrontal volume found no differences between OCD
patients and volunteers (Insel et al. 1983; Behar et al.
1984; Jenike et al. 1996). One early study, using a 
different magnetic resonance imaging (MRI) tech-
nique, found prolonged MRI T1 relaxation times in
right prefrontal white matter in OCD patients, and 
an abnormally greater right–left T1 difference in pa-
tients. The degree of asymmetry was correlated with
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Introduction

It should be clear that pharmacologic somatic treat-
ments and special forms of psychotherapy have an
important role to play in patients suffering from anxi-
ety disorders. This chapter on physical treatments 
will focus on different methods of brain stimulation,
which have mostly been only very recently introduced
in the research on anxiety disorders and are at the
moment far from a widespread introduction into the
treatment armamentarium. Although they currently
are most valuable as research tools in the elucidation
of the underlying neurobiology of these disorders,
these techniques may very well mature into treatment
options for patients that are resistant to conventional
interventions.

The methods discussed here are electroconvulsive
therapy, repetitive transcranial magnetic stimulation,
functional neurosurgery and vagus nerve stimulation.
In terms of diagnostic categories we will focus mainly
on obsessive-compulsive disorder because of the relat-
ive lack of efficacy of conventional treatments for a sub-
stantial proportion of patients suffering from severe
forms of this disorder. Obessive-compulsive disorder
has a lifetime population prevalence of about 2% in a
number of countries. An estimated five to six million
people are affected in the US alone. Patients typically
experience symptoms for prolonged periods, which
can substantially impair social and occupational func-
tioning (Rasmussen & Eisen 1992; Eisen et al. 1999;
Malizia 1999).
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circuits could result. As noted, studies using functional
and structural neuroimaging support this view. Data
from a recent study using the paired-pulse transcranial
magnetic stimulation (pTMS) technique are also con-
gruent with this hypothesis (Greenberg et al. 2000).

Reports of neurosurgical operations used in a small
number of treatment-refractory OCD patients also 
are consistent with the current anatomical models of
pathophysiology. Despite important methodological
difficulties with these studies, neurosurgical procedures,
including stereotactic anterior cingulotomy and capsu-
lotomy, have been reported to have the common effect
of reducing anxiety and core OCD symptom severity
in at least some severely affected patients. All of the pro-
cedures described in the literature would be expected
to have either direct or indirect effects on cortical–
striatal–thalamic–pallidal circuits. Different procedures
may have different effects, and reduced symptoms could
occur as a direct consequence of the lesions made, or of
secondary degeneration and consequent functional
plasticity in other parts of the brain. While this possi-
bility has yet to be systematically investigated, a pre-
liminary investigation found that OCD symptoms and
prefrontal metabolism appeared to be reduced in tan-
dem after stereotactic anterior capsulotomy (Mindus
et al. 1986).

Electroconvulsive therapy

Electroconvulsive therapy (ECT) is the somatic treat-
ment with the longest history of continuous use in 
psychiatry. Cerletti and Bini had already introduced 
it as a clinical treatment in 1937 (Fink 1984). Signific-
ant improvements in the technique of ECT have been
made since then, including the use of synthetic muscle
relaxants, like succinylcholine, the anaesthesia of pa-
tients with short-acting agents, preoxygenation of the
patient, the use of electroencephalogram (EEG) record-
ing and significantly improved stimulators, all measures
which lead to greatly reducing the morbidity associ-
ated with the treatment. Despite these advances, the
popularity of ECT decreased in the 1960s and 1970s,
due to the use of more effective neuroleptics and as 
a result of a strong antiECT movement. However,
ECT has gained popularity again in the last 15 years
due to its efficacy, and it is the only somatic therapy
from the 1930s that remains in widespread use today.
Between 100 000 and 150 000 patients are subjected

symptom severity in that study (Garber et al. 1989). In
general, since volumetric differences between patients
and healthy individuals may be relatively modest, they
may be difficult to find in the relatively small samples
typically studied. Complicating matters further, the
etiology of OCD is likely heterogeneous.

The results of functional neuroimaging studies have
been more consistent. Photon emission tomography
(PET) and single photon emission computerized tomo-
graphy (SPECT) studies have found abnormalities at
various points within the corticobasal loops described
by Alexander et al. (1986). For example, several fluoro-
deoxyglucose positron emission tomography (FDG-
PET) studies of OCD patients at rest (when no effort
was made to provoke symptoms) found increased
metabolism, most commonly in the caudate nuclei,
orbitofrontal cortex, and cingulate gyrus (Baxter et al.
1987, 1988; Nordahl et al. 1989; Swedo et al. 1989).
One of these studies also found increased lateral pre-
frontal metabolism (Swedo et al. 1989). HMPAO-
SPECT studies found enhanced medial and dorsolateral
prefrontal perfu-sion in untreated OCD patients com-
pared to controls (Hoehn-Saric et al. 1991; Harris et al.
1994). On PET during experimental OCD symptom
provocation, activation of orbitofrontal cortex, caudate
nucleus, and the cingulate gyrus was observed, and
changes in thalamic activity approached significance
(Rauch et al. 1994). Furthermore, effective medication
or behavioral treatment was associated with activity
reductions in the same structures, including caudate
(Baxter 1994), orbitofrontal cortex (Swedo et al. 1992),
and in a putative network including orbitofrontal 
cortex, caudate, and anterior cingulate (Schwartz et al.
1996). Interestingly, the response to treatment has
been most often associated with reduced metabolism
in the right cerebral hemisphere.

These findings are generally consistent with the 
earlier views of possible neuroanatomic substrates 
of OCD (Rapoport & Wise 1988). They have also
influenced more detailed models of how a failure of
normal inhibitory modulation within the parallel cor-
ticobasal loops might be involved in the illness (Modell
et al. 1989; Baxter et al. 1990; Rauch & Baxter 1998).
One working hypothesis is that obsessive-compulsive
symptoms arise when the processing of cortical input to
the basal ganglia is defective. The resulting dysregulated
thalamocortical excitatory drive would likely further
exacerbate abnormal basal ganglia function. Excessive
and abnormally modulated activity throughout these
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to ECT every year in the US, under strictly defined
medical conditions. The efficacy of ECT has been well-
established in major depression and, to a lesser degree,
in mania and schizophrenia (Fink 1985).

OCD was considered particularly resistant to ECT
treatment, but more recent data have called this dogma
into question (Khanna et al. 1988; Goodman et al.
1993; Husain et al. 1993; Maletzky et al. 1994). This is
especially true for patients suffering from concomitant
affective symptoms.

Clinically, it is reasonable to consider ECT in pati-
ents with concomitant depression and OCD or other
anxiety disorders, but its efficacy in pure, refractory
OCD remains an open question, which would merit
careful study in larger treatment trials. ECT is likely
already used fairly often in intractably ill OCD pati-
ents, most of whom have comorbid mood disorders.
And, as is the case for other neuropsychiatric disorders,
case studies or experimental trials of ECT in patients
with severe OCD who did not respond would prob-
ably not be reported.

In any case, like with all chronic psychiatric disor-
ders, adequate planning should be made with regards
to the treatment strategy following ECT if the patient’s
condition responds, like new medication regimens or
maintenance ECT.

Repetitive transcranial magnetic
stimulation

Repetitive transcranial magnetic stimulation (rTMS) has
been used in neurology as a method of investigation
for almost two decades. Its application as a putative
treatment in neuropsychiatric disorders, particularly
affective and anxiety disorders, is much more recent.
There is now abundant evidence for the involvement of
the prefrontal cortex in affective processes. rTMS allows
for an extremely focal and relatively noninvasive stimu-
lation of cortical tissue and therefore interference of
those brain circuits, and looks like an excellent tool for
investigation of the neurobiology of anxiety disorders,
foremost OCD, in which a large amount of data on local
brain abnormalities has been obtained from neuro-
imaging studies. rTMS appears to have focal and selec-
tive excitatory or inhibitory (depending on stimulation
frequency) cortical effects, as a function of stimulation
parameters, thereby offering the capacity to probe both
the anatomic localization and the neurophysiological

alterations that result in psychiatric manifestations 
or symptomatic improvement. Research with this new
tool has contributed to our understanding of a variety
of clinical and basic research issues.

Methodology of transcranial magnetic stimulation

Transcranial magnetic stimulation (TMS) uses the
physical principle of inductance to transmit energy
transcranially across scalp and skull without the painful
side-effects of direct transcranial electrical stimula-
tion. TMS involves placing a small coil of wire on the
scalp and passing a very powerful current through it
(Barker et al. 1985; Roth et al. 1991). This produces a
magnetic field that passes largely unimpeded through
the tissues of the head (in contrast to electric fields,
which are diffused by head tissue). Oscillations in the
magnetic field induce an electrical current in the brain.
The strength of the induced current is largely a func-
tion of the rate of change of the magnetic field, which
varies with the current in the coil. Other factors are the
strength of the current and the coil geometry and the
number of windings in the coil (Cohen et al. 1990;
Rothwell et al. 1991). In order to induce enough cur-
rent to depolarize neurones in the brain, the current
passed through the stimulating coil must start and stop
or reverse its direction within about 300 ms.

rTMS in OCD

As noted, brain circuit models of OCD have in common
certain functionally linked brain areas, principally pre-
frontal cortex (orbitofrontal cortex and dorsolateral
prefrontal cortex), “paralimbic” structures (anterior
cingulate, anterior temporal, parahippocampal, and
insular cortex), basal ganglia (caudate nucleus, puta-
men, globus pallidus), and thalamus (Modell et al.
1989; Leckman et al. 1997). Prefrontal cortex is con-
sistently implicated in the symptomatic state in OCD
by functional neuroimaging (Hoehn-Saric & Greenberg
1997). The region is further implicated because it plays
an important role in functions, e.g., response inhibi-
tion, verifying operations, and mood regulation. These
processes are very likely to be important in the elabora-
tion of OCD symptoms. rTMS of the prefrontal cortex
may provide further evidence of the importance of this
region in OCD symptoms.

We performed a preliminary controlled study of
rTMS as a probe of prefrontal cortex involvement in
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More tentative evidence of hemispheric selectivity 
in OCD comes from an open neurosurgical study in
which the position of right- but not left-sided anterior
capsulotomy lesions appeared to influence efficacy in
intractable OCD (Lippitz et al. 1999). The findings
above lend some support to the view that laterality of
activity in corticobasal circuits may be important in
OCD. It is also possible that findings implicating right-
sided abnormalities in OCD are important although
not specific to the illness. The data preferentially sup-
porting right hemisphere activity in OCD may, for
example, relate to a large literature implicating right
hemisphere activity in the experience of negative emo-
tion (Davidson et al. 1999), and in emotional process-
ing more generally.

Our initial study of rTMS in OCD suggested that a
single stimulation session might have reduced compul-
sions by affecting prefrontal function for longer than
the immediate stimulation period (Greenberg et al.
1997). Further testing in studies combining rTMS with
functional neuroimaging, and with cognitive probes of
regional brain activity in OCD, are needed to establish
this relationship more definitively.

The effects of prefrontal rTMS on OCD symptoms,
which developed rapidly after stimulation, contrast
with the much more gradual symptom improvement
after neurosurgery discussed above, and with the effects
of conventional medication treatment and behavior
therapy. A likely reason for this difference in time
course is that the therapeutic effects of neurosurgery,
and conventional treatment depend on ongoing neural
plasticity in brain circuits affected, perhaps primarily
within cortico–striato–thalamo–cortical loops. The
contrasting acute effects of prefrontal rTMS in OCD
suggest a more immediate, and transient, disruption 
of activity necessary for the elaboration of compulsive
urges. In theory, this could occur via a direct rTMS-
induced disruption of prefrontal activity necessary for
symptoms, or indirectly, via enhancement of activity in
brain pathways that modulate OCD symptoms.

rTMS in anxiety disorders other than OCD

Treatment studies in other anxiety disorders have been
largely impressionistic. McCann et al. (1998) reported
that two patients with post-traumatic stress disorder
showed improvement during open treatment with 
1 Hz rTMS over the right frontal cortex. Grisaru et al.
(1998) stimulated 10 patients suffering from post-

OCD (Greenberg et al. 1997). Most of the 12 patients
with OCD were moderately ill (the mean entry Yale–
Brown Obsessive Compulsive Scale score was 20); two
more severely ill individuals were included. Single 
sessions of high frequency (20 Hz) stimulation were
administered, in a randomized design, to left and right
dorsolateral prefrontal cortex, and to a parieto-occipital
control site. The prefrontal locations were 5 cm anterior
and 2 cm inferior to the hand area of primary motor
cortex on each side; the parieto-occipital control site,
which also received active stimulation, was 10 cm pos-
terior to primary motor cortex in the midline. Each site
was stimulated, 2 days apart, with 20 Hz trains of 2 s
each, once per minute for 20 min (800 pulses total per
session) with a figure eight-shaped focal coil attached
to a Cadwell High Speed Magnetic Stimulator (Cadwell
Laboratory, Kennewick, WA). rTMS intensity was 80%
of abductor pollicis brevis twitch threshold.

The data indicated a selective reduction in compuls-
ive urges only after right prefrontal rTMS. The symp-
tom reduction lasted at least 8 h. These OCD patients,
who were not clinically depressed as a group, also
reported significant mood elevation 30 min after right
prefrontal stimulation, but this was more transient
than the reduction in compulsive urges.

The laterally specific effect was unexpected but inter-
esting in light of several lines of evidence (Greenberg
et al. 1997; Lippitz et al. 1999). These include studies
finding that provocation of OCD symptoms (primarily
compulsive urges) was associated with increased per-
fusion in the right caudate (Rauch et al. 1994) and in
the right orbitofrontal cortex (McGuire et al. 1994) on
PET. In contrast, another study found orbitofrontal
perfusion increased bilaterally after provocation (Rauch
et al. 1994).

Even more intriguing is that effects of treatment are
preferentially associated with changes in right hemi-
sphere activity. Improvement after pharmacological or
behavioral treatment has been associated with reduc-
tion in right medial prefrontal or right orbitofrontal
metabolism (Baxter et al. 1992; Swedo et al. 1992) or
perfusion (Hoehn-Saric et al. 1991; Harris et al. 1994)
with reduction in metabolic rates in the right caudate
nucleus (Baxter et al. 1992), with normalized metabolic
rates in the right prefrontal cortex (Benkelfat et al.
1990), and with reduction in an abnormally high pre-
treatment correlation between metabolic rates in the
right prefrontal cortex and the right caudate nucleus
(Baxter et al. 1992; Schwartz et al. 1996).
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traumatic stress disorder over the motor cortex and
reported decreased anxiety. It is very likely that rTMS
will be most useful in the study of neuronal circuits
involved in anxiety disorders of it is coupled with other
measures of cerebral function.

Vagus nerve stimulation

Another, less invasive means of directly affecting 
central function is to stimulate the cranial nerves that
are direct extensions of the brain with chronically
implanted electrical stimulators in the chest wall and
stimulating leads placed over the left vagus. This can
be used instead of neurosurgery to achieve functional
alteration of networks for therapeutic benefit in 
central pain syndromes and movement disorders. For
years, scientists have been interested in whether and
how autonomic functions modulate activity in the 
limbic system and higher cortex. Numerous studies
have identified extensive projections of the vagus nerve
via its sensory afferent connections in the nucleus 
tractus solitarius (NTS) to many brain areas (Bailey 
& Bremer 1938; MacLean 1990). Vagus nerve stimu-
lation (VNS) is currently used in the treatment of 
complex partial seizures (Ben-Menachem et al. 1995;
Handforth et al. 1998). These studies in a total of 313
treatment-resistant patients demonstrated a mean
decline of overall seizure frequency of about 25–30%
compared to baseline. Some evidence in this patient
group pointed toward the possible benefit of VNS as
an antidepressant or mood-stabilizing treatment. These
included clinical observations of mood improvement
in epilepsy patients (Elger et al. 2000), anatomic affer-
ent connections of the left vagus nerve to the central
nervous system (CNS) and to structures relevant to
mood regulation, the anticonvulsant activity of VNS
taken in the context of the role of anticonvulsant 
medications or ECT in treating mood disorders, 
neurochemical studies indicating VNS effects on key
neurotransmitters involved in mood regulation, and
evidence that VNS changes the metabolic activity of
key limbic system structures (George et al. 2000). This
evidence led to an initial open trial of left-sided VNS in
a group of treatment resistant patients described in the
companion article in this journal (Rush et al. 2000).
This clinical open trial demonstrated that VNS might
be a new method for treating patients with severe
treatment-resistant depression. It showed that 40% of

the 30 treated patients displayed at least a 50% or
greater improvement in their condition as assessed
with the Hamilton Rating Scale for Depression. Half
the patients also had at least a 50% improvement on
the Montgomery Asberg Depression Rating Scale.

In December 2000, the US Food and Drug Admin-
istration (FDA) granted Cyberonics Inc. an uncondi-
tional investigational device exemption (IDE) for a
pilot study of VNS with the NCP® system in treating
patients with OCD, panic disorder and adult onset
post-traumatic stress disorder. Up to 30 patients at
four study sites will be implanted with the NCP® 
system and stimulated with left cervical (neck area)
vagus nerve stimulation. Additional study sites will be
initiated through 2002.

Functional neurosurgery

Functional neurosurgery in psychiatry is used to 
alter the physiology of specific neural systems to treat
specific disorders (Diering & Bell 1991). Previously
referred to as psychosurgery, functional neurosurgery
is currently conducted on a small number of patients
with treatment-resistant mood, anxiety, and other 
psychiatric disorders (Yudofsky & Ovsiew 1990).
Although originally used extensively in schizophrenia,
functional neurosurgery has generally been found to
be more effective in major depression and OCD.

Early studies by Papez (1937) identified limbic cir-
cuits as key to emotion regulation, and it is these limbic
structures that have been the targets of most neurosur-
gical approaches in psychiatry. Attempts to refine early
surgical approaches led to the use of less extensive
lesions (Fulton 1949) and stereotactic procedures with
enhanced anatomical specificity. More targeted proced-
ures included the thalamotomy (Spiegel et al. 1950),
cingulotomy (Cassidy et al. 1965), subcaudate tracto-
tomy (Knight 1965), and limbic leukotomy (combina-
tion of cingulotomy and subcaudate tractotomy: Kelly
et al. 1973).

Current stereotactic neurosurgical procedures for
psychiatric disorders

Modern stereotactic approaches have reduced mor-
bidity and produce only transient effects on attention,
without reported long-term effects on neurological
status, higher brain functions, or personality (Maxwell
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This procedure has been reported to have efficacy in
OCD with about a 70% success rate (Martuza et al.
1990).

Conclusions

The literature on using surgical ablation techniques in
the treatment of psychiatric disorders is quite small,
and since all procedures other than gamma irradiation
involve opening the skull, there has been little oppor-
tunity for sham-controlled investigation. Both the 
retrospective nature of the studies and the seriousness 
of the intervention, limit the certainty about claims of
therapeutic efficacy. At the same time, it should be 
recognized that patients who receive these procedures
almost invariably have chronic and severe mood disor-
ders or OCD, and often other comorbid illnesses. They
have virtually exhausted their options for other forms
of treatment. Modern criteria for use of functional
neurosurgery are especially rigorous in selecting for
highly treatment-resistant patients. Therefore, reports
of significant improvement in a substantial percentage
of patients deserve attention.

In general, the literature on functional neurosurgery
in anxiety disorders supports the role of limbic struc-
tures in these syndromes. While the specific anatomical
targets for the various neurosurgical approaches have
varied, all the procedures affect limbic networks,
directly or indirectly. This may result in alterations 
in the relative activity of various structures in this 
network. In addition, the injury to fronto–limbic con-
nections may alter serotonergic and dopaminergic
transmission at sites remote from the lesion (Corkin
et al. 1979). The association between the time course
of mood changes and the appearance of thalamic atro-
phy following frontal leukotomy supports the import-
ance of these remote effects.
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1993). Nonetheless, a significant percentage of pati-
ents may have a new onset seizure disorder follow-
ing these surgical interventions. Two of the more 
common procedures (cingulotomy, anterior capsulo-
tomy) are described below (Mindus & Jenike 1992).
Other procedures include amygdalotomy (for aggres-
sion), hypothalamotomy, thalamotomy, and surgery
for various combinations of limbic structures. While
modern stereotactic technique and standardized 
psychiatric diagnosis have improved the generaliz-
ability of these studies, most remain uncontrolled and
retrospective.

Anterior cingulotomy

Anterior cingulotomy refers to the bilateral severing 
of the anterior supracallosal fibers of the anterior cin-
gulate, altering connections within the limbic system.
This procedure has been reported to be efficacious not
only in the treatment of mood disorders and intract-
able pain but also in anxiety disorders (Ballantine et al.
1977). Therapeutic results are generally better in the
treatment of major depression (about 60%) than in
OCD and, importantly, appear only after some con-
siderable postsurgery delay. Ballantine et al. (1977)
reported that 75% of 154 patients with mood disorder
improved after bilateral cingulotomy. A retrospective
review by Jenike et al. (1991) found that 25–30% of
OCD patients benefited substantially from cingulotomy.
This therapeutic effect in OCD is thought to be due 
to interruption of abnormal fronto–striatal–thalamic
activity, as suggested by PET imaging studies (Martuza
et al. 1990). The claim that destruction of the anterior
cingulate is associated with antidepressant effects is
compatible with some findings from imaging studies of
sleep deprivation (Wu et al. 1992) and pharmacolo-
gical treatment (Bench et al. 1995), indicating reduced
functional activity in this region to be correlated with
antidepressant response.

Anterior capsulotomy

Anterior capsulotomy entails the destruction of the
anterior limb of the internal capsule, which severs 
thalamo–orbitofrontal fibers (Hay et al. 1993). This
may be accomplished via radiofrequency heat lesions
or gamma irradiation using the gamma knife, a stereo-
tactic gamma irradiation unit (Sabatini et al. 1994).
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Herbal Therapy and Anxiety
M. Bourin

whether it is still necessary to prescribe benzodiaze-
pines; decrease the dose very gradually when treatment
is withdrawn (Ashton 1989; Tyrer 1989). Routine
observance of these rules is essential in practice in 
the outpatient management of anxious patients. There
has been a search for therapeutic alternatives in the
treatment of anxiety, notably in the chronic or recur-
rent forms, where the risks of dependence related 
to benzodiazepines are markedly increased (Curran
1991).

One alternative is to use psychological therapies.
These can be effective when given by skilled therapists
but, on the other hand, constraints on resource and
even time may render psychological interventions
impracticable. It is estimated that alternative or com-
plementary treatment is used by 20% to 30% of the
North American population (Eisenberg et al. 1993).
The goal of the present chapter is to evaluate the
efficacy of different medicines used in treating anxiety
defined as GAD or ADAM, as there have been few if
any trials in other forms of anxiety. Focus will be on
the kava plant (Piper methysticum) and the passion
flower (Passiflora incarnata).

Kava plant

Preparations made from the rhizome of the kava plant
have been used extensively by the people of the South
Pacific (Singh & Blumenthal 1997). Traditionally kava
was used to treat anxiety but was known to have anti-
convulsant sedative and muscle relaxant properties
(Bone 1993/1994), as well as to treat of a variety of 
ailments such as gonorrhea (Lebot et al. 1992).
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Introduction

Generalized anxiety disorder (GAD) is one of the most
common of the anxiety disorders. Its prevalence in 
the general population varies between 5% and 15%
depending on the criteria used to define it. GAD corre-
sponds to severe anxiety, characterized according to
the Diagnostic Statistical Manual, third edition revised
(DSM-III-R: American Psychiatric Association 1987)
chronic cognitive disorders (Angst & Vollrath 1991).
Several investigators have questioned the validity of
the diagnosis (Breier et al. 1985; Barlow et al. 1986).
The pattern of illness in patients with DSM-IV defined
GAD with 6-month duration criterion tends to be fairly
chronic, although with fluctuating symptom severity.
A large percentage of patients present with short-term
anxiety disorders that are related to stressors. In the
DSM-III-R this kind of anxiety disorder is classified 
as adjustment disorder with anxious mood (ADAM)
as opposed to GAD. According to the DSM-III-R, the
essential feature of this disorder is a maladaptive reac-
tion to an identifiable psycho-social stressor. It is one
of the most frequent psychiatric diagnoses made in
seriously physically ill patients (Schatzberg 1990) and
in older patients (Tueth 1993).

Many questions are currently raised by the treat-
ment of ADAM, particularly the question of choice of
drug treatment. Benzodiazepines have been widely
used in the treatment of ADAM. Certain rules should
be observed when they are prescribed: prescribe for
short periods (4–6 weeks) using the minimum effective
dose (often difficult to determine in advance); be careful
when prescribing for drug addicts; avoid issuing repeat
prescriptions; during long-term treatment re-evaluate
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and drop-outs. All studies were performed in Germany
except one in the US. For all studies there was no 
control group, it was a comparison between kava and
placebo.

Three of the clinical trials had a quality score of 5,
two of them were from gynecology practices, one from
a university outpatient clinic (Kinzler et al. 1991). The
publication of five out of seven of the studies were in
German and so it is not very easy to compare the kind
of patients included. In three of the seven studies all the
patients were female. The conclusions of the authors
of the meta-analysis (Pittler & Ernst 2000) suggest
that kava extract is relatively safe and more efficacious
than placebo in the symptomatic treatment of anxiety.
In the author’s opinion the lack of information on the
true diagnosis of patients is an important limitation to
the meta-analysis.

In different studies the adverse effects reported most
frequently were gastrointestinal complaints, allergic skin
reactions, headaches and photosensitivity (for review see
Warnecke et al. 1990). Table 27.1 shows the only two
trials with the highest quality score of 5 using HAM-A.

The clinical trial (Volz & Kleser 1997) in general
practice seems more realistic, even if it had a quality
score of 3 in the meta-analysis of Pittler and Ernst
(2000) because of the lack of description of the method
generating the sequence of randomization as well as
the method of double-blind. The scale of the placebo
effect is in relation with the one found in these kind 
of trials on anxiety (Bourin 2000) contrasting with 
the poor placebo effect of the two trials described in
Table 27.1. The most important data are found in 
two postmarketing surveillance studies (Siegers et al.
1992; Hofmann & Winter 1996): 2.3% and 1.5% of

Among a number of agents extracted from kava,
kavain which is an α-pyrone seems to be one of the
most pharmacologically active agents. There is some
evidence regarding the affinity of kavalactones on γ-
aminobutyric acid (GABA) or benzodiazepine-binding
sites (Davies et al. 1992; Jussogie et al. 1994). On the
other hand, kava extract has been reported to produce
changes on the electroencephalogram similar to those
induced by diazepam (Gebner & Cnota 1994).

The conflicting evidence of pharmacological activity
of kava extracts led researchers to design clinical trials
with kava extracts containing mainly 100–200 mg of
kavalactones for daily utilization. A recent system-
atic review and meta-analysis for treating anxiety by
kava extract clearly proved its efficacy (Pittler & Ernst
2000). Systematic literature searches were performed
to identify all randomized controlled trials of kava for
the treatment of anxiety. All publications were blinded
before assessment by someone not involved in the
study. Data were extracted in a standardized, pre-
defined fashion independently by two reviewers. The
methodological quality of all trials was assessed and
the superiority of kava extracts over placebo was 
suggested by all seven trials. The meta-analysis of three
trials suggests a significant difference in the reduction
of the total score on the Hamilton Rating Scale for
Anxiety (HAM-A: Hamilton 1959) in favor of kava
extract.

The main problem with the meta-analysis is that
there are few indications in terms of anxiety diagnosis;
it was performed using trials that were homogenous in
terms of drug quality. The authors of this meta-analysis
used a quality score from 0 to 5 based on randomiza-
tion, double-blind design, description of withdrawals
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Table 27.1 Double-blind randomized placebo-controlled trials of kava for anxiety.

Study patients kava 
Author extract/placebo [Mean age/years] Adverse effect

Kinzler et al. (1991) Outpatients with anxiety syndrome None
Of nonpsychotic origin
HAM-A ≥ 19
N = 58 [44/42]

Warnecke (1991) Female patients with anxiety syndrome Restlessness, stomach complaints, 
HAM-A ≥ 19 drowsiness, tremor (four patients)
N = 40 [45–60]
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patients given a daily dose of 120–240 mg kava extract
and 105 mg kavapyrone, respectively, complained of
the adverse effects mentioned previously.

Passion flower

The Passiflora incarnata component contains flavonoids,
maltol, hydroxycoumarins and alkaloids belonging to
the beta-carboline family. These compounds, includ-
ing harmane, harmine, harmol, and harmalol (Bennati
1967; Bennati & Fedeli 1968), are present in the plant
at levels up to 0.032% and are known to act on central
benzodiazepines receptors.

No clinical studies of Passiflora incarnata alone
were reported and so Bourin et al. (1997) performed a
randomized, controlled trial that used a commercial
preparation EUPHYTOSE® (EUP) containing Passiflora
incarnata in addition to Valeriana officinalis, Crataegus
oxyacantha, Ballota foetida, Paullinia cupana, and Cola
nitida.

Valeriana officinalis is traditionally used as a neuro-
sedative. Its components contain various iridoid triesters
belonging to the valepotriate family (Foerster et al.
1984), which are generally considered as responsible
for the sedative activity attributed to valerian prepara-
tions (Von Eicksted & Rahman 1969); Ballota foetida
and hawthorn are also used traditionally as anxiolytics.

Cola nitida has long been used as a mild stimulant,
the nut extract containing a water-soluble complex
including caffeine and kolatine. Paullinia cupana is
also known as a stimulant, mainly in South America
where it is consumed as a traditional drink. As with
Cola nitida, Paullinia cupana extracts contains a high
level of caffeine (around 4%). This latter compound,
as well as kolatine, may counteract the sedative effects
of the other components (Herman 1982). Previous
studies conducted in mice have shown that EUP was
able to increase significantly the number of punished
passages (from 33% to 42% depending on the dose) in
the four-plates test, which is normally considered to be
a predictive test for anxiolytics (Aron et al. 1971).

Moreover, binding studies with various types of
cerebral receptor have shown that EUP was able to 
displace the binding of the tritiated ligand to central
benzodiazepine receptors in a dose-dependent manner
with an IC50 of 37,1 µg/mL. Another action that has
been discovered is that of agonist at muscarinic recep-
tors (M1), which are known to have a role in memory-

related phenomena. The IC50 for these M1 receptors
was 30 µg/mL (Valli et al. 1991). In addition, a study
of psychometric effects in healthy volunteers (images
test, number-symbol pair test, flicker-fusion test, 
reaction-choice test) showed that there was no differ-
ence from placebo on day (D) 3, D7 or D14 (Bourin
1994); EUP presented neither sedative nor stimulant
properties. Unfortunately there is little pharmaco-
kinetic data about this drug because of its complex
composition.

All these preliminary results justified the carrying
out of a controlled clinical study in patients presenting
with ADAM, comparing EUP with a placebo. The study
was a multicenter-controlled general practice study
against placebo, with randomization into two parallel
groups of patients followed-up as outpatients with
ADAM criteria (limiting the duration of the anxiety 
to at least 6 weeks). Thirty-one general practitioners
participated in this study which was coordinated by
psychiatrists in four regions in France. All investigators
of a regional group participated in sponsor-initiated,
prestudy, multicenter meetings led by the regional co-
ordinator in order to ensure uniformity in the selection,
supervision and evaluation of study patients. They were
trained by expert coordinators to employ a diagnostic
algorithm for including patients presenting with ADAM
and excluding patients with other psychiatric illnesses.
The period of actual treatment was preceded by a 
pre-inclusion period of 7 days during which patients
were treated single-blind with placebo. In order to be
definitely included, patients had to continue to fulfill
the selection criteria at the end of the placebo period
and have a HAM-A Scale score of more than 20, with
less than 10% difference between the HAM-A score
on D-7 and the HAM-A score at D0. When included,
all patients received two tablets three times a day
(placebo or EUP) over 28 days.

Evaluation criteria were therefore HAM-A Scale on
D0, D7, D14 and D28, Covi Scale scores on D0, D14 and
D28 (Covi et al. 1979), and Sheehan Self-Evaluation
Scale scores on D0, D14 and D28 (Sheehan et al. 1996).
Compliance was assessed by counting the tablets on
each day of evaluation and at the end of the study.

Homogenity of the two treatment groups was stud-
ied with regard to patient characteristics (i.e., sex, age,
previous treatment with anxiolytic drugs). Patients
analysed were those who conformed to the protocol
with the exception of two patients who did not fulfil
the inclusion criteria. The HAM-A Rating Scale was
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sion), 91 were allocated at random to the placebo group
and 91 to the EUP group. There were no significant 
differences in terms of age and sex between the groups
at the time of inclusion. Compliance was good in the
two groups, medication was taken completely even by
patients with side-effects. There were no patient drop-
outs in the study, probably because of the careful selec-
tion of patients (see earlier) and the low incidence of
side-effects (Figs. 27.1, 27.2; Table 27.2 – 27.5).

Although no evaluation of its efficacy has been per-
formed previously, EUP is an old, marketed, widely
used drug in France. The present study demonstrated
the better efficacy of EUP over placebo in adult outpa-
tients with ADAM. The principal criterion of HAM-A
score on D28, analysed either qualitatively (respon-
der/nonresponder of success/failure) or quantitatively

used in a quantitative and qualitative manner. For
qualitative analysis, patients were ascribed as “respon-
ders” or “nonresponders,” analyses were performed
using the chi-2 test. Quantitative analysis was performed
using the Student’s t-test, comparing the groups mean
HAM-A rating scores at D28 of the trial. Covi scores
were also evaluated with the Student’s t-test. The
Sheehan Self-evaluation Scale was used to assess each
itemawork, family life, social lifeacompared with 
D0 of the trial. Intergroup comparisons on D14 and
D28 were performed using Mann–Whitney’s statistical
test for nonparametric data because there were less
patients in each group and because of ordinal values.

A total of 182 patients who fulfilled the criteria for
ADAM were included (18 preselected patients were
excluded from the study at the time of definite inclu-
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Fig. 27.1 Quantitative analysis 
of principal judgement criterion
Hamilton Rating Scale for Anxiety
(HAM-A). Plant extracts (n = 91); 
n Placebo (n = 91). *Analysis of
contrasts, significant difference on 
day (D) 7, D14 and D28 (P = 0.05).

Fig. 27.2 Comparison of scores for
psychic and somatic anxiety on the
Hamilton Rating Scale for Anxiety
(HAM-A). Plant extracts (n = 91); 
n Placebo (n = 91). 
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showed a statistically significant difference in favor of
EUP.

However, these results were obtained in a popula-
tion in which the severity of the anxiety was relatively
minor: 52% of patients included had a HAM-A score
on D0 of between 20 and 25, and only 25% of patients

had been treated in the previous 3 months with an 
anxiolytic, generally a benzodiazepine.

This population included a high proportion of 
“nervous subjects” often seen for the first time, per-
haps the inclusion criteria for the study limited the start
of symptoms 6 weeks prior to the study. The most
important result of this study was that it showed there
were more patients counted as “cured” (HAM-A score
<10) in treated patients than in placebo group (42.9%
vs. 25.3%).

An analysis, which took account of the effect for
each center, did not reveal any region/treatment inter-
action, proving that the superiority of EUP was the
same wherever patients were from.

The Covi Scale scores which also evaluated the
severity of the anxiety gave similar results to those
obtained with the HAM-A score. However, there was
no significant difference on D14 in change over time,
but only on D28. This result may be explained by a
greater sensitivity of the HAM-A scale compared with
the Covi Scale.

The scale for self-evaluation by the patient (work,
family and social life) measured on D0, D14 and D28
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Table 27.2 Qualitative analysis of the principal judgement
criterion (patients counted as improved or cured).

D28 Plant extracts Placebo

HAM-A < 14 52 (57.1%) 35 (38.5%)
HAM-A = 14 39 (42.9%) 56 (61.5%)
Total 91 91

χ2: P = 0.011

HAM-A < 10 39 (42.9%) 23 (25.3%)
HAM-A = 10 52 (57.1%) 68 (74.7%)
Total 91 91

χ2: P = 0.012

D, day.

Table 27.3 Change in scores on the Covi Scale.

Plant extracts (N = 91) Placebo (N = 91)

Covi D0 6.11 ± 1.9 5.85 ± 1.8
Covi D14 3.24 ± 1.7 3.54 ± 1.9
Covi D28 2.25 ± 1.9 2.88 ± 2.4*

D, day.
*Analysis of contrasts, significant difference on D14 and D28 
(P = 0.05).

Work Plant extracts (N = 67) Placebo (N = 65) Mann–Whitney
D0–D14 1.58 ± 1.7 1.58 ± 1.9 NS
D0–D28 2.34 ± 2.2 2.13 ± 2.3 NS

Family Plant extracts (N = 85) Placebo (N = 84) Mann–Whitney
D0–D14 1.87 ± 1.9 1.54 ± 2.1 NS
D0–D28 3.00 ± 2.4 2.41 ± 2.4 P = 0.065

Social life Plant extracts (N = 85) Placebo (N = 84) Mann–Whitney
D0–D14 1.60 ± 1.9 1.13 ± 2.1 P = 0.019
D0–D28 2.62 ± 2.2 2.01 ± 2.6 P = 0.034

D, day; NS, not significant.

Table 27.4 Change in scores on the
Sheehan Self-evaluation Scale.

Table 27.5 Adverse events probably related to treatment.

Event Plant extracts Placebo 
(N = 91) (N = 91)

Dry mouth 1 1
Headache 1 0
Constipation 1 2
Stomach pain 0 3
Drowsiness 1 2



Further research is needed to if Passiflora incarnata
is the most active among the six extracts used in EUP?
We already know that in Passiflora incarnata as well as
in Passiflora caerula (Wolfman et al. 1994) there are
flavonoid derivatives like chrysine that displaces [3H]
flunitrazepam binding to the central benzodiazepine
receptors in mice. In elevated plus maze in mice, chrysine
(1 mg/kg) induces increase in the number of entries into
the open arms and in the time spent on the open arms
consistent with an anxiolytic action (Bourin 1997).
The effects of chrysine on the elevated plus maze mice
were abolished by pretreatment with the specific ben-
zodiazepine antagonist flumazenil (3 mg/kg).

Conclusion

Systematic literature searches were performed in the
computerized databases MEDLINE and EMBASE,
but there was only few randomized double-blind stud-
ies using herbal therapy in the field of anxiety disor-
ders. The studies using kava extract are reviewed in a
paper by Pittler and Ernst (2000) and there is another
paper by Bourin et al. (1997) that uses plant extracts,
including passion flower and valerian (along with
other extracts). The results are not all positive, and 
the main problem is the lack of a control drug like a
benzodiazepine.

To use kava or passion flower extracts in common
practice for treating GAD we need a titration in kavain
and chrysine respectively. It seems that the active com-
pounds work by binding with benzodiazepine recep-
tors but with lower effect than benzodiazepines. So,
instead of using herbal therapy, we must reconsider
the use of low doses of benzodiazepine (Bourin et al.
1995, 1998).

It is possible that the combination of some plant
extracts are useful, but we need to have well-designed
clinical trials to be sure of the efficacy. It would be
interesting to add valerian to kava or passion flower
because it has mild sedative effects in healthy volunteers
(Kuhlmann et al. 1999). In the author’s experience
(Bourin 1994), EUP did not modify the psychometric
performance of healthy volunteers.

To date there are large national differences in the
regulatory status of herbal remedies. In various coun-
tries, such as the US and the UK, herbal remedies can
circumvent the regulatory premarket drug evaluation
by posing as dietary supplements (De Smet 1993). Yet

revealed a greater improvement in the item “social life”
from D14, indicating early resumption of social and
leisure activities in the EUP-treated group. Results for
the item “family life” were at the threshold of signific-
ance on D28. There was no significant difference in the
item “work” on D14 or D28. There was no evidence 
of sedation as found with valerian extracts (Gerhard 
et al. 1996), probably because there is a good equil-
ibrium between the mild sedative compounds and 
the mild stimulant compounds. In addition, there was
no greater effect on the sleep items than on anxiety
items.

The global evaluation of efficacy by investigators
also demonstrated the superiority of EUP over placebo
(results not shown in previous tables). The study also
confirmed that EUP is very well tolerated. There was
no difference in the number of adverse events between
the two treatment groups. No event required treat-
ment to be withdrawn, and no events were judged to
be serious. This confirms what had been demonstrated
in healthy volunteers where the psychometric perfor-
mance of volunteers treated with EUP did not differ
from the performance of volunteers treated with
placebo (Bourin 1994).

Further clinical studies to explore the effects of EUP
versus a benzodiazepine and a placebo over a longer
period (3–6 months) in the treatment of chronic GAD,
with a follow-up of several weeks after withdrawal 
of treatment, should make it possible to investigate
rebound and withdrawal phenomena (Murphy et al.
1989). This type of study would be part of the current
trend in pharmacological treatment of anxiety, which
is trying to reduce the side-effects of treatment (espe-
cially cognitive side effects) and dependence (Bourin 
et al. 1993). The advantages of such studies would be
the long-term evaluation of the effects of treatment 
on the prevention of relapse and attenuation of the
chronic nature of chronic anxiety (Lader 1994).

It would also be interesting to use a checklist of
somatic symptoms (Guelfi et al. 1983) to further under-
stand which symptoms EUP improves. This scale could
be used to differentiate the anxiety symptoms and the
side-effects of drugs (Bourin & Malinge 1995).

The main difficulty with plant extract combinations
is to know which extracts are truly active on anxiety
disorders. The European Community registers only
four-extract combinations and so, in the case of EUP,
it is difficult to know which four extracts to keep
among the six.

CHAPTER 27
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the European guideline for regulatory evaluation of
anxiolytics requires a pharmacokinetic exploration as
part of the application for marketing authorization.

A final consideration (De Smet & Brouwers 1997) is
that the pharmacokinetic evaluation for a herbal pre-
paration will only provide clinical information when
there is sufficient evidence that the studied components
are responsible for therapeutic effects.
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PART FIVE

CONCLUSION





Anxiety Disorders: Current Needs
and Future Prospects
D. Nutt & J. Ballenger

There is already evidence for the prolonged efficacy 
of paroxetine in panic disorder (PD), social anxiety
disorder, obsessive-compulsive disorder (OCD), and
generalized anxiety disorder (GAD). Sertraline has
long-term data in OCD and PD, and venlafaxine has at
least 6-month data in GAD. In some disorders, especially
OCD and social anxiety disorder, improvement appears
to continue beyond 6 months and even at 1 year the
drug response may not have reached a plateau.

Perhaps one of the most intriguing and potentially
important observations are the new findings in GAD
that extending treatment up to 1 year continues to lead
to progressive improvements in symptom resolution
and life quality. The recent studies with paroxetine
and venlafaxine have showed that although there were
significant and clinically meaningful improvements
with both drugs at 3 weeks, patients continued to
improve for the remainder of the period of study.
Indeed in the paroxetine studies the improvement in
response in the second 6 months was similar in magni-
tude to that in the first 6 months. Such research
findings are mirrored by clinical experience in the
treatment of other anxiety disorders, especially social
anxiety disorder, and argue that the minimum dura-
tion of treatment might be a year, possibly longer. Of
course these results also raise the issue of how long we
should treat before deciding that a treatment is not
working. It may be as well to warn patients that they
should be prepared to stay in therapy for several
months before they may experience significant benefit
from antidepressant therapy and, if some benefit is
seen, that they should continue with the treatment for
at least 6 months to maximize the gains in symptom
relief and quality of life.
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Some key unanswered questions

What we will try to do in this chapter is build on the
great body of clinical and research data presented in
the previous chapters by highlighting where we feel the
key unresolved issues are. These issues seem to us to be
critical in the understanding of anxiety and in the
action of treatments of these disorders and may help
direct the research agenda in anxiety. Clearly there are
many more research questions relating for anxiety dis-
orders than we can discuss here so the ones we focus on
reflect our own expertise and interests to some extent.

How long to treat?

There is good evidence in depression that long-term
treatment with antidepressants leads to a better out-
come. Indeed some patients who have had three or
more episodes may require lifelong treatment to pre-
vent relapse. The situation in the anxiety disorders is
much less well understood. There have been few long-
term studies of drug treatment and perhaps a few more
on long-term effects of psychological treatments (see the
respective chapters on treatments). There are various
reasons for this lack of knowledge which include the
fact that the anxiety disorders have only become the
subject of intervention studies quite recently, perhaps
reflecting a perceived bias in medical circles that they
are not “real” illnesses.

In this regard the new European registration guide-
lines that recommend at least one maintenance-of-
efficacy study of at least 6 months duration should
provide some welcome data over the next few years.

28



therapeutic gains on factors such as quality of life can
be obtained at doses over and above those needed to
stop panic attacks.

What do these data tell us about the mode of action
of antidepressants in anxiety disorders? We believe
they help to dispel the notion that the anxiety disorders
are but a variant of depression. In addition the fact that
the anxiety disorders themselves show differential dose
and time responses to the various antidepressants argues
against their being different expressions of the same
disorder. Further evidence in support of neurochemical
differences comes from the differential dose–response to
benzodiazepines. Patients with PD generally need higher
doses than those with GAD or social anxiety disorder
whereas PTSD and OCD may respond hardly at all.

One or two neurotransmitters? A
growing role for mixed action agents?

It is becoming accepted that in the treatment of severe
in-patient depression antidepressants that act on both
the 5-hydroxtryptamine (5-HT) and norepinephrine
(noradrenaline) systems may have greater efficacy than
those that are selective to one only. There is no evid-
ence for such an assertion in any of the anxiety disorders
and indeed the limited evidence from early OCD and
PD studies rather argues against this idea. For example,
in OCD drugs with fairly balanced norepinephrine and
5-HT uptake blocking affinity, e.g., imipramine seem
less efficacious than those that are relatively 5-HT
selective, e.g., clomipramine. Selective norepinephrine
uptake blockers such as desipramine are without effect
or of limited efficacy (Leonard et al. 1991).

In PD there is good evidence that imipramine is
highly efficacious but as well as having mixed uptake-
blocking properties it is metabolized to desipramine. 
A study that examined the relationship between the
plasma concentrations of imipramine and desipramine
in successfully treated PD patients found that the
plasma concentration of imipramine was the better
predictor of good outcome (Mavissakalian & Perel
1988), which suggests that 5-HT is more important 
in the therapeutic response. Whether a similar picture
holds for mixed agents of nonTCA structure needs to
be properly evaluated as there are two drugs that fall
into this class of uptake blocker (venlafaxine and milnaci-
pram) as well as other dual acting agents that work in
other ways, e.g., mirtazapine. Already there is a body

However sustained efficacy does not give direct
information about the risks of relapse on stopping;
only discontinuation studies can do this. There is evid-
ence that relapse rates are about three times as high 
on stopping selective serotonin reuptake inhibitors
(SSRIs) than continuing on them in OCD and PD, and
we would expect that over the next decade similar evid-
ence will accrue for the other anxiety disorders.

Withdrawal reactions from antidepressants are 
well-recognized and it will be of interest to determine
whether patients with anxiety disorders are more or
less susceptible to them than depressed patients. Cer-
tainly some of the symptoms of withdrawal from both
tricyclic antidepressants (TCAs) and SSRIs can mimic
anxiety so disentangling this issue will not be easy.

The optimal dose of antidepressant

One intriguing issue in the drug treatment of anxiety is
that of optimal dose. It appears that this may vary from
drug to drug and from disorder to disorder. However
several general themes are beginning to emerge, espe-
cially for the newer antidepressants where we have
more complete data sets across the different disorders.
For example, there is a fair body of data that the
efficacious dose of SSRI in PD is somewhat greater
than that required in depression. For example, with
paroxetine in flexible-dose studies the mean dose for
PD ended up at just over 30 mg/day, whereas in depres-
sion it is just over 20 mg/day, and in the fixed-dose
trial only the 40 mg dose, and not the 20 mg one, sep-
arated from placebo. Similar findings in PD exist for
fluvoxamine and citalopram (see Chapter 18).

In OCD the picture is similar and the limited data in
GAD are in the same direction. The only exception
may be for sertraline where there is less good trial evid-
ence, although in clinical practice few patients are
maintained on the lowest licensed dose of 50 mg/day.

The data for the TCAs is more equivocal (see Chap-
ter 19). The TCA most studied in anxiety is probably
clomipramine, which has a strong data set in OCD and
PD. In OCD higher doses do seem to have better
efficacy whereas in PD the position is less clear. Early
data suggested that high doses might be needed but
others have suggested lower ones are equally effective
(Lotufo-Neto et al. 2001). With imipramine there is a
general feeling from US studies that higher doses show
more efficacy (Mavissakalian & Perel 1988) and that
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of evidence that venlafaxine is effective in GAD as well
as in depression and long-term studies in GAD have
shown that it might achieve a remission rate that com-
pares favorably with that produced by the SSRIs (see
Chapter 22). There are now several open studies of
venlafaxine in other anxiety disorders including social
anxiety disorder and PD which show efficacy. (Nutt 
& Johnson 1998). What is currently lacking are well-
powered comparator studies of venlafaxine versus the
SSRIs of the sort that were so helpful in highlighting
the greater efficacy of this mixed agent in depression
(Anderson 2001).

Similarly there are no proper reports on the efficacy
of the other mixed agents mirtazapine and milnacipram
in anxiety disorders. Mirtazapine might be expected to
have some direct anxiolytic actions because it is also a
potent antihistamine (H1 blocker) and a good 5-HT2
antagonistatwo pharmacological features that are
associated with anxiety reduction (see Nutt 1998a and
Chapter 21). Milnacipram is a balanced 5-HT+ nore-
pinephrine reuptake blocker with a slight preference
for the norepinephrine site. It has a treatment profile in
depression that suggests similar efficacy to venlafaxine
though with a somewhat different side-effect profile
(less nausea). Given the lack of strong theoretical basis
for predicting that norepinephrine enhancing anti-
depressants would be anxiolytic, it may be that the
required clinical trials are not carried out by the 
companies and so we may have to rely on clinical 
experience to carry this issue forward. However some
progress has been made in disentangling the exact 
contribution that norepinephrine makes to the action
of antidepressants which might readily be transferred
to studies on anxiety and this is discussed below.

How do treatments work?

This presents one of the most interesting issues in the
biology of the anxiety disorders at present because of
the recent evidence that has allowed the unravelling 
of this issue in depression. This work centers around
the use of depletion techniques to interfere with the
production of the key amine transmitters, especially 5-
HT and norepinephrine. The impact of reducing the
synaptic availability of these transmitters on the thera-
peutic effect of the drug treatments gives a great insight
into their mode of action. For instance, in depression the
issue of whether antidepressants work by increasing

synaptic concentrations of amines or by down-
regulating postsynaptic receptor function has been a
matter of debate for several decades. The now classic
studies of Yale group (Delgado et al. 1990, 1999; see Bell
et al. 2001) using tryptophan depletion have clearly
established that removing the availability of 5-HT by
limiting precursor access leads to relapse of depres-
sion. This effect was found with antidepressant drugs
that act on the 5-HT system (the SSRIs and mono-
amine oxidase inhibitors [MAOIs]) but not with those
that act on norepinephrine system such as desipramine
and mazindol. Conversely the norepinephrine syn-
thesis inhibitor α-methyl-p-tyrosine (αMPT) reversed
the therapeutic actions of norepinephrine acting drugs
such as desipramine but had no effect in patients who
were well treated on 5-HT acting ones.

Taken together these data strongly support the view
that the critical mode of action of antidepressants is to
make more amine available in the synapse rather than
to change postsynaptic receptor function. A critical
question is whether the same holds true for the anxiety
disorders?

So far there have been only a few studies that have
attempted to address this issue. The first was in OCD
where tryptophan depletion was found not to result in
relapse (Barr et al. 1994; Smeraldi et al. 1996). More
recently we have conducted a study of tryptophan
depletion in PD patients who were well and recovered
but still taking paroxetine (Forshall et al. 2000; Bell 
et al. 2002). We used the panic challenge agent
flumazenil to evoke susceptibility to panic attacks in
those patients both on the control and on the trypto-
phan depletion day. The findings were quite clear.
Treatment with paroxetine almost completely blocked
the panicogenic actions of flumazenil as indicated by
the lack of response on the control day. However, 
on the depleted day the flumazenil challenge resulted
in a significant number of patients having increases in
anxiety and panic attacks. This finding suggests that
paroxetine (and presumably other SSRIs) act to increase
synaptic 5-HT function and this then restrains panic.
Such an explanation fits well with the panic mechanism
theory of Deakin and Graeff (1991) who postulated
that an increase in 5-HT in the region of the periaque-
ductal gray region of the brain stem would inhibit
panic. We presume on the basis of this study of inpati-
ents that paroxetine acts to increase 5-HT in this region
and so inhibits panic and that tryptophan depletion
releases this brake.
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evidence that it may play a part (see review by Nutt
2001 and Chapter 11). It would therefore be of some
interest to determine if blockade of norepinephrine
synthesis by αMPT would undo some or all of the effect
of venlafaxine and what symptoms might preferentially
be induced. αMPT is an inhibitor of tyrosine hydro-
xylase which limits its conversion to l-dopa and so
reduces norepinephrine synthesis. It has been shown to
undo the therapeutic actions of antidepressants such
as desipramine that act predominantly on the nore-
pinephrine system (Miller et al. 1996). If venlafaxine
becomes established as a treatment for other anxiety
disorders the same questions will be relevant to those.

How does buspirone work?

We now have some idea about the mode of action 
of the two major treatment modalities for anxiety, 
the benzodiazepines and the antidepressants, but the
mode of action of buspirone is still somewhat of a 
mystery. This is not just a theoretical issue because 
an understanding of this could lead to a new class of
treatment. Moreover a number of similar drugs have
been made and tested with little success so it may be
that there is a lesson here in terms of specific pharma-
cology (see Levine & Potter 2000 and Chapter 20).

The conventional teaching is that buspirone is a
selective 5-HT1A partial agonist that acutely inhibits
5-HT neuronal firing. Under the 5-HT excess theory of
anxiety this would then be directly anxiolytic in condi-
tions such as GAD but would worsen other disorders
such as PD (Deakin & Graeff 1991). Although buspirone
itself does not seem to worsen PD, more recent analogs
such as flesinoxan, which are full agonists of this
receptor, do increase anxiety in PD (van Vleit et al.
1996). However the raphe inhibiting actions of bus-
pirone are immediate whereas as with the antidepress-
ants the therapeutic effects take some time to emerge,
which suggests that other factors are important.
Perhaps the most obvious target is the postsynaptic 
5-HT1A receptor, which is found in high densities in
forebrain areas implicated in such as the hippocampus,
septum and temporal cortex (Pike et al. 1996). Stimu-
lation of these receptors is thought to lift depression
and it may be that anxiety responds similarly. There is
provisional evidence that in PD these receptors are
down-regulated in a similar manner to that found in
depression (Sargent et al. 2000: Fig. 28.1) and so per-

Several questions remain to be resolved. Perhaps 
the most critical is whether the antianxiety effects of
antidepressants in other anxiety disorders is similarly 
susceptible to tryptophan depletion. Very new data
suggest that trytophan depletion will cause relapse 
in social anxiety disorder patients reported on SSRIs.
Indeed, it would be interesting to know if other anti-
anxiety treatments such as the benzodiazepines could
have their therapeutic actions undone by tryptophan
depletion as there is some evidence that they also act on
the 5-HT system (Nutt & Cowen 1987). In the specific
instance of PD it would be fascinating to establish if
tryptophan depletion would also reverse the effects 
of the SSRIs to block the panicogenic actions of other
challenges such as carbon dioxide, CCK-4, sodium
lactate, etc. It has already been shown that antidepres-
sant treatments that are effective in PD will block the
actions of a number of these panicogens but if this is a
5-HT mediated effect is not yet known (see Bradwejn
& Koszycki 1994 and Chapter 15).

A related issue is to what extent is the failure of 
tryptophan depletion to reverse the antiOCD actions
of SSRIs confounded by the experimental design? In
our study (Bell et al. 2002) anxiety did not change signi-
ficantly until the patients were challenged with flum-
azenil, although mood did drop prior to this. Perhaps
the OCD study should be repeated using an anxiety
provocation after tryptophan depletion. This is a feasible
option given the fact that many patients can have their
symptoms provoked by exposure in-vivo.

Norepinephrine depletion?

As yet there appear not to have been any studies of
norepinephrine depletion in the anxiety disorders
either before or after treatment. This is of some import-
ance for several reasons. The new data on the treat-
ment efficacy of venlafaxine in GAD suggests some
extra therapeutic benefit at a dose of 125 mg/day or
above as compared with lower doses. It is now clear
that venlafaxine exhibits a dose–effect relationship 
on brain neurotransmitters with blockade of 5-HT
reuptake being seen at the lowest therapeutic dose of
37.5 mg. Significant norepinephrine blockade doesn’t
appear until a dose equivalent to of 125 mg in a 70 kg
person is reached (Melichar et al. 2001).

The role of norepinephrine in the symptoms of GAD
is only beginning to be understood but there is some
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haps stimulation by an agonist increases their function
and is anxiolytic. It would also be of some interest to
see if the anxiolytic actions of buspirone were vulner-
able to tryptophan depletion.

Chemistry or cognitions?

Perhaps the most acrimonious debate in psychiatric
research in resent years has been about the relative
contribution of cognitions and neurochemistry to the
nature and treatment of the anxiety disorders. At one
extreme is the cognitive view that as all anxiety is a
cognitive experience then abnormal cognitions must
cause anxiety. This then treats all the biological elements
to anxiety as being simply mediators of cognitions. In
its purest sense this view is illustrated in Fig. 28.2 for
PD. Panicogenic challenges are seen as causing symp-
toms that patients perceive as unpleasant and frighten-
ing. This then leads to a pathognomonic cognitive
experience (the so-called catastrophic cognition) of the
patient who experiences thoughts such as “I’m dying”
or “I’m going to faint” and then panics.

The growth of this cognitive theory, which now has
been applied to all the anxiety disorders, has been
accompanied by a much bigger movement in applied
psychologyacognitive therapy. This is undoubtedly an
effective and powerful series of procedures (see Chap-
ter 23) but may not work exactly according to the theory
that underpins it, and some have suggested that cognit-
ive therapy works more through exposure than through
a direct effect on cognitions (e.g., Marks 2002).

Our own view is that cognitive factors clearly have a
role to play in any human anxiety paradigm, and may
be critical in some. For example the panicogenic actions
of the β-adrenoceptor agonist isoproterenol (isoprena-
line), which does not cross the blood–brain barrier, are
likely to be indirectly mediated perhaps by cognitive
responses to peripheral sensations. However, most anxi-
ogenic agents do enter the brain and we suspect that
some of these may provoke anxiety directly whereas
other may act through changing cognitions (Fig. 28.3).

What of the clinical situation? There is good evid-
ence that in some anxiety disorders patients display
specific biases to certain classes of cognitions. In PD
these are thoughts or ideas of harm and illness. In GAD
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Fig. 28.1 Density of 5-HT1A
receptors in various brain regions 
in patients with panic disorder: a 
11C-WAY 100635 positron emission
tomography (PET) study. MTC,
medial temporal cortex; OFC,
orbitofrontal cortex; RN, raphe
nucleus; ROI, region of interest; 
TP, temporal cortex. volunteers; 
n panic disorders.

Fig. 28.2 Cognitive mediation of anxiety. Fig. 28.3 Routes to anxiety.



that the threat is present. This theory is potentially
testable which, to some extent, we have done. Using
threat statements in the from of sentences displayed 
on a computer screen in the guise of a performance
task we were able to show that threat statements
indeed disrupted the performance of patients with PD
(Weinstein & Nutt 1995) so revealing the predicted
cognitive bias. More important was the observation
that after successful treatment with an SSRI in the
absence of any cognitive or, indeed, any formal psy-
chological intervention this bias was normalized. This
is consistent with the observations that medication
effective in social anxiety disorder also reduces abnor-
mal social cognitions (Davidson et al. 1994). These
data suggest that the cognitions of PD are state mar-
kers and rather call into question the primacy of their
role in the pathogenesis of the condition. It would be of
great interest to see if similar changes in cognitions
could be induced by effective drug treatment across the
other anxiety disorders.

Future therapies

There has been major progress in the treatment of 
anxiety disorders in the past decade (see Table 28.1),

they tend to be nonspecific worries about uncontrollable
future mishaps whereas in social anxiety disorder they
relate to experiences of shame and humiliation (see
Chapter 7). These biases can be elicited by presenta-
tion of provoking ideas, for example in the form of
sentences or statements that can be displayed on a
computer screen. Patients with PD show greater
responses (as revealed by interference with ongoing
performance measures) when having to process a
harm-related sentence than with a one describing pub-
lic humiliation. The converse is true for patients with
social anxiety disorder who demonstrate greater inter-
ference from the social threat statements than from the
physical harm ones. Such cognitive biases are the sub-
strate on which cognitive therapy works, and as
patients improve these biases disappear. But what do
drugs do to them?

One theory is that of Middleton (1991) (Fig. 28.4).
He postulated that the two main antipanic agents, 
the antidepressants and the benzodiazepines, work in
quite different ways. He suggested that the antidepress-
ants act to reduce the aversive physiological sensa-
tions or “cognitive” response to a panic threat (e.g.,
that experienced when entering a supermarket that
had previously been avoided) whereas the benzodi-
azepines attenuate the ability of the person to detect
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Fig. 28.4 Possible mechanisms of drug
effects in panic disorder. (Middleton 
et al. 1991.) —, reduces.

Table 28.1 A comparison of key treatment aspects of the different anxiety disorders.

Mixed 5-HT/NAD-299 Relapse after 
Disorder Dose Response rate Onset worsening drugs work? tryptophan depletion

Panic High Good Yes ? Yes
GAD Normal Moderate Rare Yes ?
SAD Normal Moderate Rare ? Probably ?Probably
PTSD Normal Poor Yes ? ?
OCD High Poor No ?No No

GAD, generalized anxiety disorder; OCD, obsessive-compulsive disorder; PTSD, post-traumatic stress disorder; SAD, social anxiety disorder.
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which is fitting since some had called the 1990s the
decade of anxiety. However there is still a long way to
go. For many of the anxiety disorders the prognosis is
still poor and even with optimal therapy many patients
remain only partly recovered. In many studies the per-
centage of patients recovered varies from between
35% and 60% (Ballenger 1999). Moreover all cur-
rently used medications have side-effects which are
limiting in a proportion of patients. So where and what
are the future therapies for anxiety?

Our view of the future of this field is given in Table
28.2. This should give cause for hope as there are many
new compounds in development and some are targeted
at receptor systems that have only recently become
implicated in anxiety.

Perhaps the most obviously exciting are the γ-
aminobutirric acid-A (GABAA) receptor subtype agon-
ists as these have very focal actions in the brain and 
in animal tests at least show excellent separation of

anxiolytic and sedative actions (McKernan et al. 2000;
Nutt & Malizia 2001). What is not yet clear is which
subtype, the α2 or the α3 GABAA receptor, mediates
anxiety and it may be that there are subtleties that
could soon emerge. For instance, both α2 and α3
subtype agonists are anxiolytic but it may be that one
acts more on conditioned and one on unconditioned
forms of anxiety. An extra degree of potential sophist-
ication is offered by the prospect of partial agonists 
at one or both of these receptors.

Support for the potential utility of GABAA receptor
partial agonists comes from the early studies with
pagoclone. This is a partial agonist at some subtypes of
the GABAA receptor, as has recently been demonstrated
by physiological studies (Wilson et al. 1997) and by
PET (Lingford-Hughes et al. 2000). Pagoclone has
also been shown to have some efficacy in PD where it
reduced panic attacks (Sandford et al. 2001).

Much of the drive in the development of pep-
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Table 28.2 Potential future treatments for anxiety disorders.

Type of approach Examples Comments

Modify current treatments Modify SSRIs, e.g., adding ?No better efficacy but better 
5-HT1A/5-HT2 blocking tolerability

5-HT1 receptor antagonists 5-HT1A/1B blockers, e.g. NAD-299* In depression trials

5-HT2 receptor antagonists Deramciclane = 2C In phase 2 for depression
?Also in anxiety

Agomelatine 5-HT 2C antagonist + melatonin agonist In clinical trials

Subtype selective GABAA receptor Pagoclone Some +ve data in PD
agonists/partial agonists α2 and α3 subtype agonists Less S/Es than traditional 

benzodiazepines

Novel GABA modulators Pregabalin Some clinical data
May work on Ca channels

Antistress agents CRF antagonist Animal tests +ve
Under trials for depression

Substance P antagonists MK 869 Reduce anxiety in depression trials
(NK1 receptor antagonists)

Glutamate antagonists NMDA antagonists Stop conditioned anxiety, e.g., PTSD  
in animals

Reduce glutamate release MGLUr1 agonists Work in animal models
Broad range of therapeutic indications

Ca, calcium; PTSD, post-traumatic stress disorder; SSRIs, selective serotonin reuptake inhibitors.
* Johansson et al. 1997.



One way of doing this is with a specific presynaptic
glutamate agonist that acts on the glutamate auto
receptor. One such compound has been made by Lilly
and shown to have activity in a number of animal
models in which anxiety is prominent including drug
and alcohol withdrawal and conflict tests. As there 
are many other potential indications for this sort of
compound, including schizophrenia, the field is one
that is likely to grow and it may soon be possible for
clinical trials in anxiety to start.

In conclusion, there appears to be a growing list of
potential new pharmacological approaches to the treat-
ment of the anxiety disorders. Some are improvements
on established therapies and others have novelaeven
radicalamodes of action. We are confident that some
of these new approaches will translate into clinical
benefit in the next decade or two. Similarly the novel
treatments of repetitive transcutaneous magnetic 
stimulation (rTMS) and vagal nerve stimulation hold
considerable promise (see Chapter 26).

A number of empirically demonstrated effective 
psychotherapies, either cognitive or behavioral based,
are now available but not yet well studied in some con-
ditions, especially GAD, PTSD and, to a lesser extent,
social anxiety disorder. Also significantly, more work
is required to understand potential additive or even
synergistic effects of combining these treatments with
drug therapies.
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N-methylimipramine–370
methylphenidate, in response augmentation–342
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(US)
NIMH-OC (National Institute of Mental Health Global

Obsessive-Compulsive) Scale–340, 341, 371
nimodipine–467
7-nitrobenzodiazepines–322
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reuptake inhibition–411, 418
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cross-cultural differences–87
and depression–90
diagnosis–88
diagnostic criteria–83, 84, 90
differential diagnosis–88–9
and dopamine–193
drug effects–188
and eating disorders–89
economic costs–91
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obsessive-compulsive disorder treatment–472

oral contraceptives, drug interactions–325
orbitofrontal cortex–59, 171, 201, 212, 213, 217

activation–218, 220, 221
imaging–205, 206, 207–8, 210, 216
metabolism–482
right–484

ORG 2766–466, 469, 474
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selective serotonin reuptake inhibitors–41, 172, 213, 280

panic control treatment (PCT)–434, 435
panic disorder (PD)–39–50
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side-effects–340, 341, 346, 348, 350, 352, 355
social anxiety disorder treatment–354–5, 501
withdrawal–346

paroxysmal supraventricular tachycardia–302
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PE (prolonged exposure)–427–8, 445, 448
pediatric autoimmune neuropsychiatric disorders associated

with streptococcal infections (PANDAS)–473
peer relationships

and childhood anxiety disorders–149–50
dysfunctional–149
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pimozide–342
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post-traumatic stress disorder studies–216
radioligands–203, 213
schizophrenia studies–166
social phobia studies–474
see also single photon emission computerized tomography

(SPECT)
post-mortems, early–7
postnatal depression–400
postpartum anxiety–403
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and mental health–77–8
neurobiology–15
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prevalence–163

Psychiatric Status Rating–100
psychic anxiety states, treatment, antihistamines–399–410
psychoanalytic models–8
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obsessive-compulsive disorder studies–87
social anxiety disorder studies–101

pulmonary function tests–252, 253
putamen–193, 207, 483
1-(2-pyrimidinyl)-piperazine (1-PP)–381, 382, 388
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