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____________________________
Preface

The present book complements Anxiety Disorders: an Introduction to Clinical Manage-

ment and Researchby the same editors.
These publications reflect the core materials of the European Program in Affec-

tive Neuroscience, formerly known as The European Certificate in Anxiety and
Mood Disorders. Both volumes are linked to the dynamic process of an ongoing
series of academic events, which has been repeated year after year since 1989.The
present book on mood disorders, like its predecessor on anxiety disorders, relies on
the essential contribution of a broad faculty of worldwide experts who have been
involved in our teaching program. The book does not aim to be exhaustive. All
basic issues on mania and depression are covered, but, as far as advanced topics
are concerned, the volume concentrates on a limited number of selected key issues.
The choice is intended as an introduction in critical thinking and research-minded-
ness applied to the field of bipolar and depressive disorders.

This book reflects an education program at a level of excellence, which favors
scientific debate rather than the propagation of any particular view or doctrine-
driven opinion on the origin andmechanisms of affective disorders. It will therefore
come as no surprise that in the following chapters, authors at some point differ in the
interpretations of existing data. More often than not, evidence, when looked at in a
critical way, appears to be ambiguous.The acceptance of this limitation belongs to
the essence of science, scientific activity itself being kept alive by the diversity of new
hypotheses.

In the preface of our volume onanxiety disorders we defined the EuropeanCerti-
ficate in Anxiety and Mood Disorders as a pioneering transnational teaching
initiative in the field of mental health. In the mean time, this initiative has evolved
as a formal interuniversity consortium now awarding a joint academic degree in
Affective Neuroscience. Scientific activity is a worldwide endeavor; likewise scien-
tific education should become an international enterprise.

EricJ. L. Griez
Chairman of the Board of Directors
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____________________________
Introduction

HermanM. van Praag
Scientific Advisor Department of Psychiatry and Neuropsychology, Academic HospitalMaastricht,

andThe Brain and Behavior Research Institute,Maastricht University,The Netherlands

This is yet another book on depression. So many have been published about this
subject over the past 40 years, that the question arises of possible redundancy. I do
not believe this to be the case. First, the domain of mood disorders is in motion, and
has been so for many years. Slowly but steadily our data base is, and has been
enriched. One needs regular reviews and updates to keep abreast. Second, the field
of mood disorders confronts us with fundamental and unresolved issues, pertaining
not only to depression, but to psychiatry at large. Attention to them should not
slacken.

How, for instance, can one mark the border between the still normal and the just
pathological. In the case of depression, what differentiates so called ‘case depression’
from states of distress. Is it number of symptoms, their persistence, their seriousness,
or the measure of social or professional impairment they cause? Is it whether they
occur in isolation or are embedded in a syndrome? We do not yet know, and this
state of affairs hampers research, for instance that into the biological determinants
of depression and into the efficacy of antidepressant drugs. As an analogy: the cause
and treatment of pneumonia would have remained in darkness if groups of pneu-
monia patients had been mixed with patients suffering from a common cold. This
question is all the more urgent now that it has been well documented that
phenomena we know from true psychopathological states also occur, and with
considerable frequency, in the normal population (Johns andVan Os, 2001). Death
ideation, for instance, was reported by 35% of those interviewed, death wish by
10.6%, suicide contemplation by 11.7%, suicide attempt by 2.8% (Neeleman et al.,
in press). In a cohort of school-aged youths the frequency of suicidal ideation was
even higher: 30.8% in females, and 25.3% in males (Miotto et al., 2003).

What, furthermore, is the role of stress in depression? Stress so often precedes
depression, but what is its pathogenic weight. Is it merely responsible for a measure
of distress or can it truly cause (certain forms of ) depression.We donot yet know, but
the latter seems likely (Van Praag et al., 2004). If probability were to become
certainty, the focus of biological depression research would be diverted from
depression per se, to the neurobiology of stress (at least for certain types of depres-
sion), andproper treatment of (certain) depressions shouldbecome primarily stress-
focused.
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Another rather crucial point is the status of anxiety. Anxietymaybe, and often is,
prominent in depression, andmood and anxiety disorders often go hand in hand. Is
anxiety a mere component of the depressive syndrome or should its status be
upgraded. Could it be that anxiety is a precursor and pacemaker of (certain forms
of ) depression, as suggested byVan Praag (1996). Pacemaker symptoms Idefined as
symptoms that are primordial andmaycause disturbances in other psychic domains
(Van Praag, 2001).

Another pertinent question is whether anxiety and mood disorders are in fact
discrete categories or to that degree intermingled that it is highly artificial to distin-
guish them categorically ^ does a dimensional characterization of mixed
depression/anxiety states, therefore, seemmore appropriate?

This, in its turn, raises a truly fundamental question. Is categorical classification
the appropriate way to classify disordered mental states, or are categories rather
man-made artefacts, and should the categorical way of diagnosing be replaced, or
at leastbe complemented, bya functional/dimensional system (VanPraag,1997). In
such a system psychopathological syndromes are dissected into their basic constitu-
ents, i.e. psychic dysfunctions, such as disturbances in anxiety, mood, and
aggression regulation, in cognitive functions, in emotional regulation and many
others.Those dysfunctions will be assessed and measured as to presence and inten-
sity. In this way a detailedmap is obtained of dysfunctioning domains in the‘psychic
apparatus’.

In a direct line with this reasoning arises the question whether biological treat-
ment of mental pathology should remain categorically directed or should shift to a
functional/dimensional focus; whether ‘disorders’ should be treated ^ such as
major depression, dysthymia, mixed anxiety depression disorder etc. ^ or rather
psychic dysfunctions such as disturbances in anxiety regulation, mood regulation
and aggression regulation. For such functional orientation of psychopharmacology
there are clear precedents in other branches of medicine. The cardiologist, for
instance, does not treatmyocardial infarction, he treats its functional consequences,
and this with a variety of medications.

Since it would clearly be impossible to treat each andevery psychic dysfunction in
a given psychopathological state, the functional approach would become only
feasible and adequate if the concept of pacemaker symptoms were to be validated.
Functional psychopharmacology would require a strategic turnaround of research
efforts within the pharmaceutical industry.

What, one may ask, is the potentiality of biology for treatment purposes. Is it
possible to conceive of future antidepressant drugs that approach 100% efficacy in
treating and preventing depression, or does that seem an illusion and will psycho-
logical interventions always be an indispensable complement to biological
treatment.This is another of such fundamental issues. I believe the latter possibility
is more likely than the former. In most cases depressive disorders are preceded by
stressors, that produce undue stress, because of personality traits impeding coping
abilities. To the extent that stress plays a role in the pathogenesis of depression,
psychological methods, geared towards ego-strengthening and betterment of
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coping skills, will be an indispensable complement to biological treatments, in most
cases.

Psychological treatments today are globally oriented, that is to say are geared
towards personalities as a whole. One wonders whether a more functional orienta-
tionwould be beneficial in this field as well.Which personality features onewants to
address and what coping skills should be strengthened will then be the primary
questions. Functional psychotherapy would be, I presume, a significant step
forward.

And finally, then, to end this enumeration of some fundamental issues, the
interest in which has been significantly enhanced by depression research, there is
the question of what the pathogenetic significance is of the neurobiological distur-
bances gathered in psychiatric disorders. Biological studies, so far, have unearthed
bits and pieces of information. In the study of depression, for instance, aberrations
have been traced in all monoaminergic systems, the glutamate and CRH/cortisol
systems, in that of some growth factors, and several others.

Is depression, biologically speaking, a multifaceted disorder in which various
biological dysfunctions have the same pathogenic ‘valence’, or is there a common
biological denominator towhich the ‘bits and pieces’are subordinate? This question
remains of central concern to biological psychiatric research in general.

Depression research yields data literally every day. Yet many questions remain,
some practical in nature, some touching the very foundations of psychiatry. Regular
reporting is essential to keep the profession informed, researchers and clinicians
alike.

Another book on depression, then, is no superfluity.

Johns LC,VanOsJ (2001) The continuity of psychotic experiences in the general population.
Clin Psychol Rev 21: 1125^1141.

Miotto P, Coppi deM, FrezzaM, Petretto D,Masala C, Preti A (2003) Suicidal ideation and
aggressiveness in school-aged youths. Psychiat Res 120: 247^255.

NeelemanJ, de Graaf R,VollebergW (in press) The suicidal process; prospective comparison
between early and later stages. JAffect Disor.

Van Praag HM (1996) Faulty cortisol/serotonin interplay. Psychopathological and biological
characterization of a new hypothetical depression subtype (SeCa depression). Psychiat Res
65: 143^157.

Van PraagHM (1997) Over themainstream: diagnostic requirements for biological psychia-
tric research. Psychiat Res 72: 201^212.

Van Praag HM (2001) Historical and contemporary notes on the treatment of depression, or,
How classification shaped therapeutic approaches. In den Boer JA, Westenberg HGM
(eds) Antidepressants: Selectivity orMultiplicity? Amsterdam: Benecke.

Van Praag HM, De Kloet R,Van OsJ (2004) Stress, the Brain and Depression. Cambridge, UK:
Cambridge University Press.
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_________________________ 1
The Epidemiology ofMood Disorders

FrankJacobi1, Simone Rosi2,
Carlo Faravelli2, Renee Goodwin3,

Saena Arbabzadeh- Bouchez4 andJean-Pierre Le¤ pine4
1DresdenTechnical University, Dresden, Germany

2University of Florence, Florence, Italy
3Columbia University, NewYork, USA

4FernandWidal Hospital, Paris, France

INTRODUCTION

Research in epidemiology is critical to understanding mood disorders for several
reasons. First, on a societal level, health care planning can be assisted by assessing
the magnitude of the burden of disease in the population. Mood disorders are
among the major health problems world wide for two reasons: they are highly
prevalent in the general population, and they cause significant loss of quality of
life and social functioning in the affected individual. Further, mood disorders
contribute to a poorer outcome of comorbid mental as well as somatic condi-
tions. On the basis of epidemiological data and health economic measures
based on clinical severity ratings it has been projected that major depression
will be responsible for the largest burden of disease of any illness by the year
2020 (Murray and Lopez, 1996).With regard to health care planning, the assess-
ment of the effectiveness of intervention programs in the community is
important. Second, in addition to the mere reporting of prevalence or incidence
rates in a circumscribed population (descriptive epidemiology), analytical epidemiology
supplements clinical research in identifying vulnerabilities as well as factors that
trigger the onset, and influence the course of the condition under study. This is
particularly applicable to mental disorders. It is well known that subjects with
mental disorders often do not seek psychiatric consultation (Goldberg and
Huxley, 1980); therefore, cases that come under the observation of specialists
cannot be considered fully representative of the characteristics of psychiatric
disorders in the general population. Epidemiological community surveys consis-
tently show that the number of cases referred to psychiatrists is relatively small
and unlikely to be representative of psychiatric disorders as they occur in the
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general population (Bijl et al., 2003). Psychiatric samples, therefore, could be
biased not only quantitatively but also qualitatively (Galbaud du Fort et al.,
1993). Thus, studies conducted with non-clinical samples are necessary in order
to complete our knowledge of psychiatric pathology ^ in basic research on
mechanisms as well as in refining diagnostic criteria and nosology.

This chapter will focus on the following topics: (1) methodological issues in the
epidemiological investigation of mood disorders; (2) distribution of mood disorders
in the general adult population (prevalence, comorbidity, onset, course) and (3) risk
factors and correlates of mood disorders.

METHODOLOGICAL ISSUES

Historical Development: First, Second andThird
Generation Studies

In a classic review Dohrenwend and Dohrenwend (1982) identified three genera-
tions of psychiatric community epidemiological surveys. In the first generation of
studies, which dates back to the mid-1800s, community residents were not directly
interviewed and the identification of cases of psychiatric disorders relied essentially
on agency records and key informants, such as general practitioners andclergymen.
The second generation of studies began afterWorldWar II and its major advance-
ment is represented by the fact that randomly selected community residents were
directly contacted; in these surveys subjects either filled out forms which yielded
global ratings of psychopathology (but not a diagnosis) or were assessed by inter-
viewers (generally clinicians) who determined the diagnoses (Streiner, 1998).
When diagnoses were obtained, the lack of clear operationalized diagnostic criteria
and of standardized and reliable assessment instruments resulted in a poor relia-
bility and represented a major shortcoming of these studies. Diagnostic categories
of affective pathology in particular were quite different from current ones. Due to a
unitary view of psychopathology, milder forms of mood disorders were generally
grouped together with anxiety and other disorders and labelled as ‘neuroses’, while
the category of ‘affective psychosis’ included both depressive and bipolar severe
mood disorders. Neugebauer et al. (1980) reviewed 3 North American and 13
European (mostly Scandinavian) second generation studies and reported period
prevalence rates for affective psychosis ranging from 0.0% to1.9%.

In spite of their limitations, the first and second generation studies were funda-
mental for the development of psychiatric epidemiology since they clarified that
mental illness was a major public health problem and that most subjects suffering
from psychiatric disorders did not seem to have adequate access to treatment
(Tohen et al., 2000).

During the1970s concerns about the low reliability of psychiatric diagnoses led to
the development of explicit, operationalized sets of diagnostic criteria such as the St.
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Louis criteria (Feighner et al., 1972), the Research Diagnostic Criteria (RDC;
Spitzer et al., 1978), the third edition of the American Psychiatric Association’s
Diagnostic and Statistical Manual (DSM-III and the subsequent editions DSM-
III-R and DSM-IV; American Psychiatric Association,1980,1987,1994/2000), the
ninth and tenth revisions of theWorld Health Organization’s International Classi-
fication of Diseases (ICD-9 and ICD-10;World Health Organization, 1978, 1993).
Concurrently, standardizeddiagnostic interviewswere developed in order to reduce
potential sources of disagreement between different assessors (Box1).

Utilization of operationalized diagnostic criteria and standardized interviews in
community samples reflect the major advance of the third and current generation of
psychiatric epidemiological surveys. These developments allowed researchers to
obtain reliable information about the prevalence rates of specific disorders and
as a result the past 20 years have been a highly productive period for psychiatric

EPIDEMIOLOGY OF MOOD DISORDERS ___________________________________________________ 5

Box 1: Selected Assessment Instruments

Along with the development of diagnostic systems based on explicit criteria,
standardized diagnostic interviews were developed and refined in order to reduce
potential sources of disagreement between different assessors.There are basically two
types of instruments (Brugha et al., 1999a): semi-structured interviews (for use by
interviewers with clinical experience) and fully standardized interviews (for use by lay
interviewers). Note: in some recent studies mandatory standardized assessment is
accompanied by clinical severity ratings, preferably administered by clinically trained
interviewers; thus, the dichotomy of these approaches is not absolute.
Prominent examples are:

(A) Semi-structured interviews

. Present State Examination (PSE;Wing et al., 1974)

. Schedule forAffective Disorders and Schizophrenia (SADS; Endicott and Spitzer,
1978)

. Schedules for Clinical Assessment in Neuropsychiatry (SCAN;Wing et al., 1990)

. Structured Clinical Interview for DSM-IV (SCID; First et al., 1997)

(B) Standardized interviews

. Diagnostic Interview Schedule (DIS; Robins et al., 1981)

. Composite International Diagnostic Interview (CIDI; Robins et al., 1988, and
several modified/updated versions)

. Revised Clinical Interview Schedule (CIS-R; Lewis et al., 1992).

Another example for awidely used instrument is theMini-International
Neuropsychiatric Interview (Sheehan et al., 1998), a short structured diagnostic
interview, developed jointly by psychiatrists and clinicians in the United States and
France, for DSM-IVand ICD-10 psychiatric disorders.With an administration time of
approximately15 minutes, it was designed to meet the need for a short but accurate
structured psychiatric interview for multicentre clinical trials and epidemiology
studies and to be used as a first step in outcome tracking in nonresearch clinical
settings.



epidemiology, with a large number of surveys conducted in several countries,
although little evidence is still available from nations with low-income economies
(de Girolamo and Bassi, 2003).

Assessment and Design Issues

Despite the remarkable advances of current semi-structured or standardized assess-
ments, important methodological issues still remain unresolved. Most importantly,
the validity of community diagnostic assessment remains controversial. This is a
crucial issue since it has been repeatedly shown in community samples that even
relatively small changes in diagnostic criteria and assessmentmethodsmay produce
substantially different results (Brugha et al., 1999b; Regier et al., 1998; Narrow et
al., 2002).Thus, it is important to investigatewhether differences inprevalence rates
between studies are attributable to real differences or to methodological factors
(population/sampling, threshold definitions (see Box 2), modifications in the instru-
ment, or use of clinically trained vs. lay interviewers).

In mood disorders, valid assessment is difficult for various reasons (see Box 3).
The standardized approach of the assessment (e.g. M-CIDI;Wittchen et al., 1998)
offers good reliability and validity, in particular in its current versions, for depres-
sive disorders but to a lesser degree in bipolar disorders (Kessler et al., 1998, 2003;
Wittchen, 1994). Considering the difficulties in assessing the whole spectrum of
mood disorders the use of clinicians as interviewers might be of special importance,
as well as in certain other domains (e.g. psychosis, mental disorder due to general

6 ___________________________________________________________________________________ F. JACOBI ET AL.

Box 2: Subthreshold Mood Disorders

Various studies suggest that a large proportion of subjects with clinically significant
depression in the community fail to meet current diagnostic criteria for either major
depressive disorder or dysthymia (Angst andMerikangas,1997). For instance, in the
NCS the lifetime prevalence of DSM-III-R‘minor depression’was 10.0% and its
correlates were substantially similar to major depression (Kessler et al., 1997), while in
a recent Italian survey the lifetime prevalence of DSM-IV ‘depression not otherwise
specified’was 7.8% (Faravelli et al., 2004b).
Recurrent brief depression is perhaps the most extensively studied subthreshold

mood disorder since its first operationalized definition on the basis of epidemiological
observations from the Zurich study (Angst and Dobler-Mikola,1985). In a recent
review of four community studies the lifetime prevalence of recurrent brief depression
ranged between 2.6% and 21.3%; the disorder also seems associated with significant
clinical impairment (Pezawas et al., 2003).
Data from the Zurich study also suggest the broadening of the boundaries of

bipolarity; in this survey about11% of community residents could be included in the
expanded spectrum of bipolar disorders and13% presented attenuate expressions of
bipolarity intermediate between bipolar disorder and normality (Angst et al.,
2003a,b); however, these findings, being derived from a single small-size study, need
replication.



medical factor, somatoform disorders). This also refers to the validity of study
designs (e.g. one cross-sectional interview in household vs. sequential assessment
by the subject’s primary care physicians; Faravelli et al., 2004a).

The debate about a ‘gold standard’ of the epidemiological assessment ^ semi-
structured vs. standardized interviews (Brugha et al., 1999a) ^ may continue until
the theoretical advantage of a clinical approach provides more promising psycho-
metric properties than standardized interviews do. In some areas such as disclosure
vs. bias due to social acceptability standardized methods can even achieve better
results than a method that resembles clinical practice (Turner et al., 1998).
FollowingWittchen et al.’s (1999a) arguments, the use of semi-structured clinical
interviews as the central approach to carrying out epidemiological surveys might
be likely to create more problems than it solves. In any case, the results of CIDI
and SCID diagnoses seem to converge, presumably due to the development of
improving accuracy within the latest CIDI versions. Also Faravelli et al. (2004b)
conclude that their results of a naturalistic study are comparable to previous studies:
in spite of the broad methodological differences, the similarities seemmuch greater
than the differences.

Among other current methodological developments in the assessment of mood
and other mental disorders as well as in the design of epidemiological studies, are:
the inclusion of severity measures and more comprehensive analyses of disability
and help-seeking, enhanced probing and rating procedures, inclusion of variables
suited for health economic analyses, and the increasing availability of longitudinal

EPIDEMIOLOGY OF MOOD DISORDERS ___________________________________________________ 7

Box 3: Challenges in the Assessment of Mood Disorders
in Epidemiological Studies

In mood disorders, valid assessment is difficult for various reasons:

. Even chronic and recurrent mood disorders show an episodic and fluctuating
course. This results in difficulties in assessing exact time frames where enough
symptoms are present concurrently with sufficient severity to justify the diagnosis.
Example: Results will differ if the 12-month time frame is completely assessed
before further lifetime psychopathology (for the disorders where no 12-month
symptoms were present) vs. lifetime episodes are inquired about first, followed
by a recency question (Whenwas the last time it happened?) and prescribing a
12-month diagnosis according to the answer to this recencyquestion.The first inter-
view version produces better12-month prevalence estimates.

. With regard to the unstable course it may be reasonable also to take subthreshold
conditions into account (e.g., to identify prodromal states, partial remissions, or a
new diagnosis in its own right, see Box 2), describing further potential complica-
tions.

. Mood disorders require lifetime assessment especially with regard to (differential)
diagnosis of bipolar disorders. Distinguishing normal mood swings and nonpatho-
logical exalted mood states from (hypo-) manic symptoms requires additional
procedures to achieve reliability as well as clinical relevance of the diagnosis; the
use of clinically trained interviewers may be necessary.



data, allowing more sophisticated analyses with regard to causes and courses of
mental disorders.

THE DISTRIBUTIONOF MOODDISORDERS IN THE
COMMUNITY: PREVALENCE, COMORBIDITY,
AND THEIRCORRELATES

Lifetime and Current Prevalence Rates in the General
Population

Major Depression and Dysthymia

Prevalence rates of Major Depression and Dysthymia in selected third generation
epidemiological surveys are presented inTable1.1. Note that in the total rates shown,
male and female values are averaged: prevalence rates have been consistently found
1.5^2.5 times higher in women than in men; for example, in the German study
(Jacobi et al., 2004) the prevalence of any depressive 12-month-diagnosis in
women is 14% vs. 7.5% in men. Prevalence rates for major depression and
dysthymia in these surveys vary widely across countries (for references see Table
1.1) and, in particular, very low rates of major depression have been reported in
studies conducted in Eastern Asian nations. Sociodemographic differences (e.g.
discrepancies in the distribution of marital status) or cross-cultural variations (e.g.
different social acceptability of the expression of emotions) could explain the discre-
pancies between the results. Also variability of instruments and design used in these
studies can account for differences. For example, the clinicians in the Sesto Fioren-
tino Studydiagnosed‘depressive disorderNOS’significantlymore frequently than is
reported in studies based on a different methodology; this might explain lower rates
of major depression (9.5% vs.13^17% lifetime prevalence in other recent studies).

Roughly 20^40% of unipolar depressive cases are assigned dysthymia as a diag-
nosis (3^6% lifetime prevalence over most studies). Studies are generally
concordant in pointing out that major depression anddysthymia frequently coexist,
a disorder sometimes referred to as ‘double depression’. The lifetime prevalence of
double depression has been reported to range between 1.5% and 2.5% (Bland,
1997).

Data frommost cross-sectional community surveys suggest that the prevalence of
major depression is increasing in successive generations born after World War II
(Cross-National Collaborative Group, 1992; Kessler et al., 1996, 2003). However,
studies relying on single retrospective interviews may be biased by methodological
factors such as recall bias increasing with age (Bland, 1997; Paykel, 2000). Long-
term longitudinal follow-up surveys are amuchmore reliable source of information
about this topic; however, available evidence from such studies is limited and
inconsistent (Hagnell et al., 1982; Lehtinen et al., 1991; Murphy et al., 2000a,b)

8 ___________________________________________________________________________________ F. JACOBI ET AL.



and therefore this issue remains open to debate. Selected findings about the preva-
lence in primary care are presented in Box 4.

Bipolar Disorders

Prevalence rates of bipolar disorders in selected third generation epidemiological
surveys are presented inTable 1.2; here, rates in women and men are roughly the
same (lifetime1^2% in most studies).The differences between lifetime and current
(12-month) rates are smaller than in unipolar depressions; this could indirectly
indicate a higher chronicity. It has to be mentioned that in this overview bipolar I
andbipolar IIdisorders are lumped together, but most by far of the epidemiological
studies onbipolar illness have examined bipolar I disorder.

Younger and OlderAge

This chapter focuses on the epidemiology of mooddisorders in adults but somebasic
information for children and adolescents is given in Box 5.The results for depressive
symptoms among the elderly population are quite variable across studies. These
results are summarized inTable 1.3. By contrast with depressive symptoms, rates of
major depression seem to be much lower.When the Diagnostic Interview Schedule
(DIS) (Robins et al., 1981) is used, the 6-month prevalence of major depression in
the community ranged from 1.7% (Weissman et al., 1985) to 4.85% (Potter et al.,
1995). Other methods have been used in order to assess depressive disorders in the
elderly (Uhlenhuth et al.,1983; Ben-Arie et al.,1987; Carpiniello et al.,1989; Forsell
et al., 1995; Steffens et al., 2000).The prevalence rates found in theses studies vary
from 5.1% (Uhlenhuth et al., 1983) to15.8% (Steffens et al., 2000).

EPIDEMIOLOGY OF MOOD DISORDERS ___________________________________________________ 9

Box 4: Depression in primary care

In addition to representative community studies it should be noted that the prevalence
of depressive disorders has also been examined in primary care all over the world (e.g.
WHO studies; �stˇn and Sartorius,1995). Point prevalence estimates of major
depression have varied widely across 15 centres (Simon et al., 2002); from a low of
1.6% inJapan to a high of 26.3% in Chile. In Germany, recent studies in primary care
with large samples (N420 000) report point prevalence estimates of over10% for
depressive disorders (Jacobi et al., 2002a;Wittchen and Pittrow, 2002).
Although primary care physicians show better recognition rates than in former

WHOstudies, there is still much room for improvement. Case recognition (anymental
disorder among the patients diagnosed by the physicians as depressive) is better than
diagnostic recognition (correct depressive diagnosis) ^ but often primary care
physicians tend to over-diagnose depression (compared to standardized study
assessment; H˛fler andWittchen, 2000).
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Among the specific difficulties in this area are: great variability according to age
group (455 vs.465 vs.470 vs.480 in different studies), problemswith diagnostic
instruments developed for younger adults (Kn�uper and Wittchen, 1994), inter-
ference/symptom overlap with comorbid somatic conditions, and the need for
modified (but not yet established) diagnostic criteria for the elderly.

But independently of the assessment method used, prevalence rates of depressive
symptoms and major depression are lower in elderly people in the community than
in younger people. These results may be explained by a selective mortality bias, a
recall bias of psychiatric symptoms, amore frequent denial of psychiatric symptoms
by elderly, more prominence of physical symptoms of depression in aged people or a
possible cohort effect.

Comorbidity, Onset, and Course

Comorbidity

Community studies are generally concordant in pointing out that major depression
is a highly comorbid disorder. Figure 1.1presents comorbidity data from a German
study (Jacobi et al., 2002b, 2004) with percentages and odds ratios for anxiety,
somatoform and substance disorders when a major depression or dysthymia is
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Figure 1.1 Comorbidity of 12-month depressive disorders: proportions and associations
with anxiety, somatoform and substance use disorders in respondents with any disorder,
MDD single, MDD recurrent and dysthymic disorder (GHS-MHS;N=4181)
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Box 5: Mood Disorders in Children and Adolescents

Empirical studies have documented that thephenomenologyof depression is quite
similarbetweenadolescents andadults (Roberts et al.,1995;Ryan et al.,1987) even if
differences exist in the expressionofmooddisordersbetweenadults andchildrenand
adolescents.One of those differences is irritability, which is a symptomof depression in
childrenandadolescentsbut not in adults.
Assessmentof depression inchildrenandadolescents encounters several

methodological difficulties:

. Dimensional or diagnostic instruments assessing depression specifically in delim-
ited age groups do not exist yet. So, clinicians and researchers use the same
instrument to assess mood disorders in children and adolescents regardless of the
fact that the reliability and validity of these instruments change with the age of the
patient.

. When a diagnostic interview is used, the multiplicity of informants (parents,
teachers or the patient) and the uncertainty as to how combine these data to yield
a diagnosis constitute a methodological problem.

. Another difficulty with diagnostic interviews is the lack of explicit criteria assessing
the impairment or the distress due to the mental disorder in children. In DSM-IV,
this criterion is made more explicit.

. Dimensional self-report checklists assessingmooddisorders in children andadoles-
cents are numerous but there is a lack of specificity with most high-scoring
youngsters failing to meet diagnostic criteria for depression.

Major Depression

In the community, the point prevalence of major depression ranges between1%
(McGee andWilliams,1988) to 6% (Kessler andWalters,1998). Canino et al. (2004)
assessed the prevalence of mental disorders in1897 children and adolescents aged 4 to
17 years.The12-month prevalence of major depression according to DSM-IVcriteria
was 3% in this population.The rates of lifetime prevalence of major depression in
children and adolescents are higher, ranging from 4% (Whitaker et al., 1990) to 25%
(Lewinsohn et al., 1998), which is comparable to the lifetime rate of major depression
in adults.The gender ratio of major depression is 1:1 in children and increases to 2:1
female-to-male ratio in adolescents (Kessler et al., 1994b).

Bipolar Disorders

Between 20% and 40% of adolescents with major depressive disorder develop
Bipolar Idisorder within a period of 5 years after the beginning of the mood disorder
(Rao et al., 1995; Geller et al., 1994; Strober et al., 1993). Risk factors of bipolar
disorder in adolescents with depressive disorder include early-onset depression,
mood disorder with psychotic features, family history of bipolar disorder and
pharmacologically induced hypomania (Akiskal et al., 1995; Geller et al., 1994). It is
important to recognize the existence of bipolar disorders in adolescents because this
mood disorder may be misdiagnosed as conduct disorder or a personality disorder.
Studies assessing the prevalence of bipolar disorder in children and adolescents are
rare and reported estimates range from 0.0% to1.0% (Kessler andWalters,1998;
Costello et al., 1996).



present vs. the base rates of the disorders in the total sample. There are markedly
elevated rates, reaching up to 56% anxiety disorders in dysthymia (vs. 14% in the
general population); overall, roughly 60% of major depressions and 80% of
dysthymiawere accompanied by at least one additional diagnosis.

The strong association with anxiety has been consistently reported before
(Weissman et al.,1996; Kessler et al.,1996; Angst,1996). Regarding specific anxiety
disorders, an examination of the findings of six epidemiological surveys (Meri-
kangas et al., 1996) showed that panic disorder had a much stronger association
with major depression than phobias. Of the phobic disorders, social phobia had a
stronger association with major depression than either agoraphobia or simple
phobia; a significant association with both generalized anxiety disorder and
obsessive-compulsive disorder has also been reported. Generally anxiety disorders
(possibly with the exception of panic disorder) appear temporally primary tomajor
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TABLE1.3 Prevalence of depressive symptoms in the elderly

Site Author N Age
Methods of
assessment

Prevalence
(%)

US community studies
DurhamCounty Blazer and

Williams,1980
997 565 OARS,

Depression
Scale

14.7

Los Angeles
County

Frerichs et al., 1981 126 565 CES-D516 16.7

Kentucky Murrell et al., 1983 2517 555 CES-D520 F: 18.2, M: 13.7
Washington Goldberg et al.,

1985
1144 65^75 CES-D516 9.5

NewHaven Berkman et al., 1986 2806 565 CES-D516 F: 19.2, M: 11.3
NewYork Copeland et al., 1987 445 565 GMS-AGECAT 16.2
NewYork Kennedy et al., 1989 2317 565 CES-D516 F: 19.9, M: 11.1
Duke-EPESE Blazer et al., 1991 3998 65^74

75^84
585

Revised CES-D 8.1
10.3
12.3

NewYork City Potter et al., 1995 1140 565 CES-D516 11.4
Tennessee Okwumabua et al.,

1997
110 560 CES-D516 19.8

European community studies
Liverpool Copeland et al.,

1987
1070 565 GMS-AGECAT 11.5

London Lindesay et al., 1989 890 565 CARE
Depression
Scale

13.5

North London Livingston et al.,
1990

811 565 Short CARE 15.9

France Dufouil et al., 1995 2797 565 M: CES-D517,
F: CES-D523

15.9
15.9

London Prince et al., 1997 654 565 Short CARE 17
Dublin Kirby et al., 1997 1232 565 GMS-AGECAT 10.3

CES-D: Center for Epidemiologic Studies Depression Rating Scale. GMS-AGECAT: Automated
Geriatric Examination for Computer AssistedTaxonomy Package. CARE: Comprehensive Assessment
and Referral Evaluation.



depression in the majority of subjects in both cross-sectional and prospective long-
itudinal studies (Merikangas et al.,1996;Wittchen et al., 2000; Kessler et al., 2003).

Inmost studies substance use disorders are also associatedwithmajor depression,
although findings are less consistent than those regardinganxiety disorders, and the
association appears weaker.

Finally, data from the recent US National Comorbidity Survey Replication
(Kessler et al., 2003) also suggest that about one-third of the subjects with major
depression may have a lifetime comorbid impulse control disorder, although
comorbid impulse control disorder is often thought to be more strongly related to
bipolar than to unipolar depression (McElroy et al.,1996); according to the authors
this could reflect broader factors of the existence of what has recently been called
‘soft bipolar spectrum’ in which comorbid impulse control disorder among patients
with major depression represents a marker of bipolar susceptibility (Perugi et al.,
1998).

Dysthymia also shows a high co-occurrence rate with anxiety disorders; of the
specific anxiety disorders, dysthymia seems more strongly comorbid with general-
ized anxiety disorder and panic disorder and less strongly comorbid with phobias
and obsessive-compulsive disorder.

A comorbid anxiety disorder is diagnosed in 40% to 90% of subjects withbipolar
disorder in community samples (Kessler et al., 1997; Szadoczky et al., 1998); the
stronger associations appear to be with panic disorder, obsessive-compulsive
disorder and generalized anxiety disorder, while the comorbidity with phobias
seem weaker. It has also been suggested that subjects with bipolar II disorder may
have a particularly high comorbidity rate with anxiety disorders when compared to
subjects with bipolar I disorder (Rihmer et al., 2001).

Co-occurrence of bipolar and addictive disorders is also particularly frequent. A
comorbid lifetime alcohol/substance use disorder is present in 20% to 70% of
bipolar subjects (Regier et al., 1990; Fogarty et al., 1994; Kessler et al., 1997; Fara-
velli et al., 2004b); in the ECA study the prevalence of alcoholism in bipolar
disorder was three times higher than in major depression (Helzer and Pryzbeck,
1988).

Age of Onset

In the majority of studies, the mean age of onset is in the mid to late 20s for major
depression while for bipolar disorder it ranges between the mid-teens and the mid-
20s. More differentiated than the comparison of means is the comparison of the
whole cumulative age of onset distributions (i.e. curves that show what proportion
of all lifetime cases report the onset before a given age). These are presented in
Figure 1.2 for several types of mood disorders. The differences between bipolar
disorders, major depression and dysthymia are obvious: bipolar disorders begin
very early (50% of the subjects with a lifetime diagnosis report an onset before 18
years), whereas the median age of onset in major depression is 30 years and in
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dysthymia 34 years. Only 25% develop a bipolar disorder after age of 25, whereas
the 75th percentile in major depression is 41and 46 years in dysthymia.

There are no marked effects on type of major depression (single vs. recurrent),
type of bipolar disorder (bipolar I vs. bipolar II), when considering gender either.
But age effects are very significant: younger cohorts consistently report an earlier
onset. Age-related differential recall, differential willingness to disclose, or other
methodologic factors could play important parts in this pattern, although a genuine
increase in the prevalence in recent cohorts may have occurred (Kessler et al.,
2003).

Course ofMajor Depression and Bipolar Disorders

As evidence to date suggests, the course of depression is likely to differ considerably
depending on several factors, often considered subtype qualifiers, such as age of
onset (early vs. late), subclinical vs. clinical criteria, vegetative vs. non-vegetative.
The commensurate treatment implications of information about course are consid-
erable. For instance, a seemingly increasingly important and timely, but difficult to
study, emerging area appears to be the relationship between treatment use (both
antidepressant and psychotherapy, as well as other treatments) and the course of
major depression in the community. In addition, information gained from clinical
follow-up studies showing that the majority of severe depression cases are recurrent
have led to a re-focusing of much depression treatment to a prevention of
recurrence, rather than being purely directed toward offset of current episode.
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Figure 1.2 Age of onset distributions (source: GHS-MHS; Jacobi et al., 2004)



Yet, to date there is relatively little available epidemiologic information on the
course of major depression in the community. Specifically, there are only a few
prospective, long-term, community-based studies with multiple follow-ups of
depression, which are needed in order to understand the natural course of the
disorder.While bipolar disorder is thought to be a very chronic condition (Coryell
and Winokur, 1992), most available information comes from clinical samples not
representative of the course of bipolar disorder and bipolar spectrum disorder in
the community. Little epidemiologic evidence is available on the course of bipolar
disorder, largely due to the methodological challenges mentioned above, as well as
some additional obstacles to accurate and reliable measurement needed to describe
course. Additional challenges to measuring the course of bipolar disorder in the
community include prospective measurement of onset, episodes and remission, as
well as periods when subclinical symptoms may be present. Since there have been
few prospective studies of bipolar disorder in the community, reliance on retrospec-
tive recall of first onset and past episodes has been much more common than in
research on depression or other mental disorders.

Correlates and Risk Factors

Epidemiologic research is the key to the identification of risk factors for mental
disorders. Cross-sectional epidemiologic studies canbe used to describe associations
or even correlates of major depression. Such associations between the investigated
factors and major depression reflect that they are symptoms, maintaining factors
or the consequences of having a major depression. The identification of true risk
factors is not possible in cross-sectional studies due to reliance on retrospective recall
with some exceptions for fixed factors such as race and gender. In most cases, long-
itudinal data are needed in order to identify potential risk factors and examine them
prospectively. Given that most findings concerning major depression are based on
cross-sectional epidemiologic data, according to Kraemer et al. (1997) we prefer to
use the term‘correlate’ rather than ‘risk factor’.

SociodemographicVariables: Gender,Marital

and Socioeconomic Status

Specific demographic characteristics are differentially associated with the preva-
lence and risk of depression onset among adults in the community. Among the
most striking is female gender. So, we will review first the associations between
depression and gender.

The importance of gender differences in mental health is usually illustrated in
significantly different prevalences and incidence rates of major depression, whereas
the explanations for these findings remains poorly studied. Despite the wide varia-
tions in lifetime prevalence estimates of major depression across countries and
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studies, the roughly 2:1sex ratio is consistent cross-culturally (Weissman et al.,1993;
Kessler et al., 1994a; Meltzer et al., 1995; Bebbington, 1998; Gater et al., 1998;
Jacobi et al., 2004). Conversely, most studies have found no gender difference in
the prevalence of bipolar disorder (Tohen and Goodwin, 1995; Weissman et al.,
1996).

In general, biological, psychosocial and artefact explanations have been proposed to
explain the predominance of depressive disorders in women (for an extensive over-
view see Wilhelm and Parker, 1994; Bebbington, 1998; Piccinelli and Wilkinson,
2000; Kessler, 2003).

Artefact explanations assume that much of the observed differences in prevalence
rates may be producedby gender-relatedbias or even artefacts such as differences in
help-seeking behaviour and symptom-reporting patterns (Kessler et al., 1981;
Nolen-Hoeksema, 1990; Loewenthal et al., 1995; Kessler, 1998), quality and quan-
tity of symptoms (symptom profile;Young et al., 1990; Silverstein,1999), recall bias
(Ernst and Angst,1992;Wilhelm and Parker,1994), definitions of cases in epidemio-
logical studies (threshold for caseness; Angst and Dobler-Mikola, 1985; Wilhelm
and Parker, 1994; Piccinelli and Wilkinson, 2000), or even gender-biased case-
finding measurements (Salokangas et al., 2002). It has been suggested that these
artefactual factors may contribute to the female preponderance in depressive disor-
ders to some extent, yet gender differences still seem tobe genuine and canbe shown
even after these are accounted for (Nazroo et al., 1998; Piccinelli andWilkinson,
2000).

Biological theories have proposed differences in brain structure and functioning
between men and women, including neurotransmitter, neuroendocrine and circa-
dian rhythms, as well as genetic factors and reproductive functioning (Joffe and
Cohen,1998; Kornstein,1997; Paykel,1991; Pajer,1995; Leibenluft,1999). Although
attractive, explanations in biological terms face a number of difficulties. If higher
rates in mental disorders, particularly in depressive disorders in women, are due to
a universal biological vulnerability, the sex ratio ought to be unaffected by, for
example, sociodemographic attributes. There is no convincing evidence for this,
however (e.g. Bebbington, 1998). Therefore, biological explanations alone are not
sufficient.This inevitably moves the focus of interest to psychosocial hypotheses for
gender differences in depressive disorders.

From a psychosocial perspective, several possible explanations for gender differ-
ences have been suggested (Pajer, 1995; Kornstein, 1997; Bebbington, 1998;
Piccinelli andWilkinson, 2000), for example that women, in general, have a lower
socioeconomic status. Surveys since the 1970^1980s have indicated a higher preva-
lence of mental disorders in the lower social classes, though perhaps only for women
(Weissman and Myers, 1978; Kessler et al., 1994a). Higher rates of mood disorders
for womenmay also reflect issues related to the fact that theymaybe subject tomore
significant, or more upsetting stressful life events or chronic difficulties (Brown and
Moran, 1997; Bebbington, 1996; Nazroo et al., 1997, 1998), low social support
(Brown and Andrews, 1986; Fuhrer et al., 1992), victimization and adverse
experiences in childhood (e.g. sexual or physical abuse or parental separation/
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divorcewith resulting lackof child care in early years; Cutler andNolen-Hoeksema,
1991; Rodgers, 1994; Bebbington, 1998), and maladaptive coping styles (Hobfoll et
al., 1994; Nolen-Hoeksema et al., 1994). Other issues suggested to contribute to a
higher risk of depressive disorders among women have been social roles, such as
marital and employment status (unequal adult gender role stresses; Vazquez-
Barquero et al., 1992; Cramer, 1993; Kessler et al., 1993; Loewenthal et al., 1995).
Yet, in the light of contradictory findings, the reason for these differences remains
unclear.

Overall, the emotional advantages or disadvantages of certain sociodemographic
variables (marital status, employment status, number of children, parenthood and
social class) apply equally to men and women (Klose and Jacobi, 2004).We cannot
explain the female preponderance in most mental disorders by detecting specific
unfavourable patterns of sociodemographic correlates, suggesting that determi-
nants of gender differences in common mental disorders are still far from being
understood.

Regarding marital status, the literature suggests that in general currently
married persons had lower rates of both depressive and bipolar disorders than
those who had never married or were currently separated, divorced or widowed
(Kessler et al., 2003; Tohen and Goodwin, 1995; Weissman et al., 1996). Several
studies have investigated the relationship between various measures of socioeco-
nomic status and mood disorders but evidence is quite mixed, thus not allowing
definitive conclusions (Kohn et al., 1998).

FamilialTransmission

Family studies have shown that risk of depression onset and severity is associated
with family history of depression (Bridge et al., 1997; Kendler et al., 1997; Klein et
al., 2001;Warner et al.,1999;Wickramaratne et al., 2000).Yet, themajority of these
data are drawn from clinical or other highly selected samples, and therefore it is not
known whether findings are generalizable to the population. In one of very few
community-based studies examining familial risk of depression, Lieb et al. (2002)
showed that parental history of depression was associated with a significantly
increased risk among offspring. Additionally, parental depression was associated
with earlier onset and higher levels of morbidity (severity, impairment, recurrence).
This study also showed that having two parents with depressionwas associatedwith
higher risk than only one, though there did not appear to be any difference
conferred by paternal or maternal risk. Of interest, this study also showed that
parental depression was associated with increased risk of substance use disorders
and anxiety disorders in offspring. Kendler et al. (1996) have also shown that
familial history is associated with increased risk of depression, and that stressful
life events are associated with an even higher risk of depression onset among those
with familial or genetic vulnerability to depression. In particular, findings suggest
that the increase in risk is pronounced during the first month following the event,
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and then is no longer evident. Another interesting question is whethermajor depres-
sion and anxiety disorders are transmitted independently within families. Some
studies suggest that there is an independent transmission and that the comorbidity
between depression and anxiety is caused by non-familial aetiologic factors (e.g.
Klein et al., 2003;Weissman et al., 1993).

EarlyAdversity

Several factors reflecting adversity in early childhood have been shown to increase
the risk of depression onset, severity, and recurrence in longitudinal studies (Brown
and Harris, 1993). Investigators have repeatedly documented associations between
childhood physical and sexual abuse and neglect and increased risk of depression in
adulthood (e.g. Brown and Harris,1993; Kessler et al., 1997). In terms of life events
and early adverse exposures, loss-related events appear particularly potent and
somewhat specific to depression, compared with anxiety, as research has shown
that a severe threatening event involving loss was most often involved in the onset
of depression (Brown,1993). Parental loss during childhood, bydeath or separation,
is also associatedwith increased risk of depression in adulthood. Childhood abuse is
associatedwith increased risk of awide range of mental disorders duringadulthood,
while loss events appear strongly and somewhat specifically depressogenic.

Psychiatric Symptoms and OtherMental Disorders

Studies have consistently shownthat previousmental disorders strongly increase the
risk of first onset of major depression as well as increasing the likelihood of persis-
tence, severity, and recurrence of the disorder (e.g. Hettema, 2003). Specifically,
anxiety disorders have been shown to precede andpredict the onset of major depres-
sion.

Research has shown that the link between prior symptoms and risk of major
depression spans all developmental stages. Canals et al. (2002) looked at predictors
of depression onset at age 18 and found that 80% with depression onset at 18 had
symptoms of major depressionbetween the ages of 11and14.These findings support
a continuity of depression from adolescence to young adulthood with subclinical
scores on the Children’s Depression Inventory (CDI; del Barrio, 1993) as an early
indicator of long-term risk.This study also found early symptoms of anxiety to be a
predictor of depression at 18, but only among boys.

Stressful Life Events

Major stressful life events are awell-known risk factor for major depression (Paykel,
2001). Research suggests that there is no gender or age difference in susceptibility to
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depression associatedwith stressful life events, but that women have a greater risk of
depression related to distal losses (Maciejewski et al., 2001). Additionally, there are
some data suggesting that different types of losses pose greater risks of depression
between genders; for instance, familial conflict is associated with an increased risk
of depression among females while financial strain is more strongly associated with
depression among males. Brown and colleagues (Brown et al., 1995) have done
extensive work on the aetiology of depression among women in the community.
Their findings suggest that loss events are particularly depressogenic when
combined with the experience of humiliation and entrapment. Such studies have
also shown that loss is important in provoking depression and that positive events
(i.e. fresh-start events) involving hope are particularly important in recovery from
depression (Brown,1993).

Other Factors

There are additional factors thought to be associated with risk of major depression.
For instance, personality traits (e.g. neuroticism) (Kendler et al., 2003, 2004) and
cognitive coping styles are associated with higher rates of depression.

ARE PREVALENCE ESTIMATES FORMOODDISORDERS
TOOHIGH?

The high prevalence rates of mood disorders, especially in the recent CIDI surveys,
has generated some scepticism about diagnostic validity (Parker, 1987; Frances,
1998; Bebbington, 2000; Henderson, 2000) and it has been proposed that a propor-
tion of the syndromes identified in community surveys may represent transient
homeostatic responses that are neither pathologic nor in need of treatment (Regier
et al., 1998). Furthermore, it has been shown that cases identified in the community
are not always consistently associated with social impairment (Bebbington, 1994;
ten Have et al., 2002). For instance, Narrow et al. (2002) found that the application
of a clinical significance criterion lowered the1-year prevalence rates of mooddisor-
ders by 44% in the ECA study and by 32% in the NCS, while Henderson et al.
(2001) showed that about15% of subjects with a1-month CIDIdiagnosis of depres-
sive disorder in an Australian sample reported no disability in daily life.

On the one hand, these findings suggest that the mere diagnosis cannot be
equated with clinically relevant treatment need. In addition, it should be noted
that no health care system in theworld could ever provide (adequate) mental health
care for roughly a third of the population. To estimate treatment need for public
health reasons, prevalence rates must be supplemented by information on comor-
bidity, severity, treatment demand, social impact etc. But criticizing the absence of
clinically significant disability or claiming irrelevance for clinical practice in a
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relevant proportion of the diagnosed subjects in epidemiological studies needs to be
separated from the question of whether ‘mild’ disorders should be eliminated from
the DSM or other diagnostic systems. Kessler et al. (2003) show, for example, that
longitudinal analyses using severity strata indeed produce differences in the risk of
clinically significant outcomes ^ but differences between mild cases and noncases
are consistently larger than differences between mild and moderate cases. Consid-
erations should be given not only to current distress and impairment but also to the
risk of progression from a mild to a more severe disorder. Thus, treatment of mild
disorders may be cost-effective (prevention of later need of intensive treatment and
long-term cost of illness). Also it shouldbe acknowledged thatmental disorders (like
physical disorders) vary in severity, and the investigation of pathways and outcomes
of psychopathology should not depend on arbitrary societal views of treatment need
and the naturally limited health care resources.

SUGGESTED READINGS

Since the reference list is quite exhaustive, some selected recent publications that can
be easily accessed via internet from universities and other institutions are recom-
mended here for first suggested readings. More ‘classic’ references on diagnosis and
nosology can be found in Chapter 3 of this book by Faravelli, Ravaldi andTruglia.

A comprehensive paper on the epidemiology of major depression in theJAMA

reports, besides recent prevalence rates data on correlates, role impairment and
treatment issues (from the second National Comorbidity Survey in the USA, NCS-
R; Kessler et al., 2003). A short overview on the important issue of comorbidity is
given by Wittchen (1996), and Merikangas et al. (1996) present an exemplary
analysis on the comorbidity of mood disorders with anxiety disorders and substance
use disorders. The discussion about clinical semi-structured versus standardized
approaches is exemplarily included in an editorial section of Psychological Medicine

(Brugha et al., 1999a vs. Wittchen et al., 1999a). Interesting information on self-
report methodology is summarized by Kessler et al. (2000). A benchmark paper
on risk factors is the one by Kraemer et al. (1997). As an example of a modern
CIDI-study using clinically trained interviewers and investigating a relatively
broad spectrum of disorders, the German Health Interview and Examination
Survey and its Mental Health Supplement (Jacobi et al., 2004) is also mentioned
here because this data set is available as a public use file and can be ordered from
F.J., as well as the data from the prospective Early Developmental Stages of Psycho-
pathology study (EDSP; exemplary publication on depression: Lieb et al., 2002).

Finally, at the end of the 1990s a cross-sectional study (The European Study of
Epidemiology of Mental Disorders: the ESEMeD) has been carried out in six
European countries (Belgium, France, Germany, Italy, the Netherlands and
Spain) in order to evaluate the prevalence, the impact and the treatment patterns
of mental disorders in Europe (Alonso et al., 2002). The results of this study
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assessing more than 20 000 adults over 18 allow interesting cross-national compar-
isons in terms of mental health (The ESEMeD-MHEDEA 2000 Investigators,
2004;TheWHOWorld Mental Health Survey Consortium, 2004). For a review of
available European studies since1990 seeWittchen & Jacobi (in press).
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Genetics ofMood Disorders

Alessandro Serretti
Vita-Salute University,Milan, Italy

BACKGROUND

History

The idea that mood disorders are heritable disturbances may be dated back to
Hippocrates theory of constitutional types. In fact, the hypothesis that psycho-
pathological traits could be inherited (known as atavism) has been present since
the origins of psychiatry, suggested by the observation that in some particular
families there were more affected subjects than in the general population.The first
authors to study this question in depth, were K. Lucas and B. A. Morel, in the first
half of the nineteenth century, and R. Krafft-Ebing (Krafft-Ebing,1939) at the end
of the same century. More recently, scripts retrieved at the Bethlehem Hospital in
London dated back to1820, show that clinicians wondered if mental disorders were
inheritable. However, a more precise hypothesis based on an interaction of causes,
both predisposing and provoking, did not appear until the nineteenth century.
Wilhelm Griesinger (1817^1868) distinguished in fact between traumatic external
events and internal states (including hereditary predisposition), which could
combine, in varying rates, to give rise to insanity. This causal model had a great
success among his contemporary scientists and was adopted at that time by many
authors, including Freud, the founding father of psychoanalysis, who divided
neurotic states on thisbasis (Ackerknecht,1959).With thebeginning of the twentieth
century and the rise of biological psychiatry the first twin studies were performed to
investigate heritability of mental diseases and psychopathological traits. During the
yearsbetweenWorldWars Iand IItherewas a flourishing of experiments performed
to demonstrate empirically the importance of inheritance in mental illness. Ernst
Rudin and the Munich Research Institute improved the first statistical research
techniques to quantify the familial concentration of some psychiatric diseases. But
they tended to neglect completely the role of environmental influences, so their
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results were easily criticized by the so called ‘environmentalists’. This widespread
interest flowered particularly in Nazi Germany and research findings about herit-
ability were at the basis of the eugenicmovement.The term‘eugenic’was created by
F. Galton in 1889.The followers of this doctrine had, as their main wish, to reduce
illnesses and abnormality in humankind, through deliberate elimination and
mating selection (Weber, 1997).They maintained that mental illness, feeble-mind-
edness, criminality, alcoholismand sexual promiscuity were all expressions of racial
degeneracy, whose remedy lay in a policy of selective birth control, extending to the
sterilization of those unfit to bear children. But first hopes received a setback when
they understood that the necessary social lawswould conflict with individual rights,
andwould therefore be difficult to apply. Ideas of this nature lead to the mass exter-
mination of the mentally ill and handicapped under Hitler’s regime (Meyer-
Lindenberg,1991). However recent knowledgehas demonstrated that, fromapurely
genetic point of view, this strategy would be unfruitful and would, most probably,
lead to deleterious consequences (CavalliSforza, 1997). In fact, selection of indivi-
duals based on phenotype appearance would never completely eliminate recessive
factors that are carried by individuals without any negative phenotype trait. More-
over the reduction of genetic variability induced by selection has been shown to be
disadvantageous for the species (CavalliSforza,1997).

The following decades were strongly influenced by those events and psychiatric
genetics, together with biological psychiatry as a whole, suffered from a long and
widespread stigma during which phenomenology, psychoanalysis or, more recently,
social approacheswere favoured.Only in the late1960s and the1970s did the need to
bridge the gap between psychiatry and the other rapidly advancing fields of medi-
cine prompt many worldwide general andmental health authorities (World Health
Organization, American Psychiatric Association) to turn psychiatric research to
biological and genetic studies.

Key point: the origins of psychiatric genetics are very ancient but its greater
development is very recent, dating back to the early 1960s, with family and twin
studies, and having its full expansion since the 1980s, with the enormous progress
of molecular biology.

Classification Issues

Mood disorders are characterized by a disturbance in mood as the predominant
feature. This mood alteration may range from an extreme state of elation, called
mania, to a severe state of dysphoria, nameddepression. In addition, these disorders
are associatedwith some other signs and symptoms.The aimof nosologic researches
has been to distinguish homogeneous subtypes of mood disorders corresponding to
different clustering of these signs and symptoms, clearly delimited from other disor-
ders.Modern psychiatric nosology follows Leonhard’s (Leonhard,1959) suggestion
to subdividemooddisorders according to the type of mooddisturbance experienced
by the patient. A bipolar disorder (BP) is diagnosed when manic episodes or both
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manic and depressive episodes occur, and unipolar disorder when only depressive
episodes occur. The most widely followed nosologic manual is currently the Diag-

nostic and StatisticalManual ofMentalDiseases (DSM) whichwas compiled for the first
time in 1951 by a special Committee (Committee on Nomenclature and Statistics)
instituted by the American Psychiatric Association. It is periodically revised: the
fifth revision is due to be published in the short term. According to DSM criteria,
symptoms of a ‘manic episode’are: expansive, elevated, or irritable mood, inflated
self-esteem, decreased need for sleep, acceleration of speech and thoughts, distract-
ibility, increased goal-directed activity and excessive involvement in reckless
activities. Manic episodes are typically short, but they may have a more extended
time course and, in rare cases, they may last for months. DSM (DSM-IV) distin-
guishes between BP type I (characterized by the occurrence of at least a full manic
episode) and type II (characterized by a less severe manic episode, called ‘hypo-
manic’). The symptomatology of a ‘major depressive episode’ consists of: depressed
mood, diminished interest or pleasure in all activities, insomnia or hypersomnia,
psychomotor agitation or retardation, fatigue and loss of energy, feelings of worth-
lessness or excessive guilt, inability to concentrate or act decisively, decreased
appetite with weight loss and recurrent thoughts of death or suicide. Usually, major
depressive episodes arise slowly, with an onset period varying from a week to some
months. Each episode typically lasts for several months and ends gradually. The
presence of both manic and depressed symptoms during the same episode charac-
terized a ‘mixed’ episode. The different combinations of major depressive episodes,
manic episodes, mixed episodes and hypomanic episodes define the diagnosis of
mood disorders. Single episodes do not have their own diagnostic codes and cannot
be diagnosed as separate entities, they serve as the building blocks for diagnoses.
Finally, psychotic features such as delusions or hallucinations may occur during
both manic or depressive episodes.

Do these definitions fit for genetic studies? In other words, are mood disorder
subtypes genetically distinct? And are genes that cause a specific disorder comple-
tely different from those involved in other disorders, or do they overlap each other?
Even though a clear diagnosis between typical schizophrenia and BP is possible,
genetic distinction between other disorders is not so clear (Tsuang and Faraone,
1990;Winokur et al., 1993a).

Molecular genetic studies have tried to overcome this bias by using a stratified
phenotype definition: from strict to broad. From family studies, in fact, there
emerges a reasonable definition of a BP spectrum of mood disorders that would
include, from narrow to broad, BP type I, BP type II, schizoaffective disorder,
recurrent major depressive disorder (MD) and single episode major depression,
this last being considered the disorder with the lowest genetic loading (Tsuang and
Faraone, 1990). It is unclear, however, if this spectrum represents a pleiotropic
expression of a single genetic susceptibility.

The overlap between different diagnostic phenotypes is even more extensive
when less severe disorders are considered.The presence at the same time of several
psychic disorders in a single subject is, for example, common.This phenomenon is
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called comorbidity. Do they really represent different nosologic entities or do they
evidence deficits in the present diagnostic systems criteria? People suffering mood
disorders often experience anxiety symptoms. Are the genes implicated in anxiety
disorders the same as those involved in depression? Does the overlap between
different diagnostic phenotypes reflect an overlap between the genes involved?
Family and twin studies show a large overlap between them (Kendler et al.,
1992b). A more careful twin study of comorbidity analysing different disorders
found evidence of two clusters of genetic factors: one is related to MD and general-
ized anxiety disorder, the other is involved in panic disorder, bulimia and phobic
disorder (Kendler et al., 1995). Even if comorbidity could represent a bias, mol-
ecular and genetic researches would provide some evidence for disentangling the
overlap of these two pathologies.

As DSM is an atheoretical diagnostic manual, diagnoses made according to its
criteria are based on phenotypic descriptions of symptoms and not on the probable
cause of the symptoms. From the abovementioned description it is clear that the
definition of an individual as an ‘affected subject’ is not based on biologically valid
measurements, but mainly on clinical features.To face these difficulties, alternative
phenotype definitions, based on symptomatology, neuropsychology, neuroimaging,
time course or drug response have recently been developed (see later in this
chapter).

Key point: because of the hazy phenotypes, psychiatric genetics research cannot
use a ‘gold standard’ phenotype definition for its studies, and this is one of its most
important limitations.

Epidemiology Issues

Mood disorders have a large impact on social health.They contribute to 11% of all
the inabilities registered in the International Classification of Diseasemanual (ICD-9),
and in the USA alone they cause a loss of 147 billion dollars per year taking into
account both direct and indirect costs (Pincus and Pettit, 2001).

MD is twice as common in adolescent and adult females as in adolescent and
adult males. Its point prevalence in adults in community samples varies from 5%
to 9% for women and from 2% to 3% for men, while its lifetime prevalence ranges
from10% to 17% (Ustun, 2001;Weissman, 1987).These prevalence rates appear to
be unrelated to ethnicity, education, income, or marital status, but culture may
influence the experience and the communication of depressive symptoms. MD is
associated with high mortality. Up to 17% of individuals with severe MD die by
suicide.Themean age of onset is in the third decade of life, although onset in adoles-
cence is increasingly common.

BP shows amean age of onset in the second decade of life, and recent reports from
population-based epidemiologic studies found age-corrected lifetime risks ranging
from 0.3% to 1.5%, with equal risks for men and women (Weissman et al., 1996).
The most widely accepted value of lifetime prevalence for general population is
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1% (Weissman, 1987;Weissman and Myers, 1978). Lifetime rates for BP seem to be
increasing in more recently born cohorts (Rice et al., 1987), but this is not a
universal finding (Pauls et al., 1992). Moreover, a relatively sharp decrease in age
at onset for individuals born afterWorldWar II was observed. One possible partial
explanation for this observationamong recent generations is anticipation.This term
indicates the earlier occurrence and the greater severity of a genetic disorder in a
younger generation. Anticipation is a phenomenon that is of substantial interest for
genetic studies, though many doubts have been brought up about the methodo-
logical biases of anticipation studies (McInnis et al., 1993; Merette et al., 2000).
Several molecular genetic studies on this issue will be reviewed later on in this
chapter.

The reported prevalence for mood disorders may depend on diagnostic criteria.
In fact, considering less severe forms such as ‘minor depression’ or ‘brief recurrent
depression’, the lifetime rate may reach up to one-third of the population (Angst,
1995).

Key point: both classificationandepidemiological issues show us that avaliddefi-
nition for molecular genetic studies is not available. It is therefore clear that more
stringent or alternative criteria are needed for genetic studies where the homo-
geneity of samples is crucial (Regier, 2000).

GENETIC STUDIES IN MOODDISORDERS

The State of the Art

Psychiatric genetics uses different types of studies to determine the genetic influence
in psychiatric disorders. They could be subdivided into clinical epidemiology
(called formal genetics), which is based on family, twin, and adopted studies, and
molecular genetics, which is aimed at finding the genetic variations predisposing
to psychiatric diseases by using molecular biology modern techniques. A review of
themost representative studies of each type of the genetics of mooddisorders follows
below.

Formal Genetics

Family Studies

Initial observations of familial aggregation for BP and ‘unipolar depression’ (UP)
were followed by systematic twin, family, and adoption studies (conducted over the
last 50 years) whichundoubtedly indicated the importance of genetic predisposition
(Goodwin andJamison,1990).
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Convergent data from family studies showed that the risk for relatives of subjects
affected by mood disorders is greater than that for relatives of normal controls
(Tsuang and Faraone, 1990). McGuffin and Katz in 1986 analysed a dozen family
studies of bipolar depression and calculated that the risk for relatives of probands
was 8%, compared to a risk of 1% in general population (McGuffin and Katz,
1986). Major depression studies showed a family risk of 9%, compared to a general
risk of 3% (Figure 2.1). These values are lower than those generally mentioned in
most textbooks, mainly because these studies are focused on most severe depres-
sions, often requiring hospitalization. Probably, the differences in familial risk
ratios are due to different diagnostic methods.

The cross-risks for BP and UP are not symmetric; in fact, both bipolar and
unipolar depressive disorders risks are higher in the relatives of bipolar
probands, while the first-degree relatives of unipolar depressed probands have a
higher rate only for unipolar depression (McGuffin and Katz, 1989; Moldin and
Reich, 1993; Smeraldi et al., 1977; Tsuang and Faraone, 1990). Finally, the obser-
vation that major depression seems to be more common in pedigrees where
parent’s onset occurred when they were 20 years old or younger, prompted
researchers to consider early age of onset a possible stratification factor
(Weissman et al., 1988).

As a general rule, the risk for relatives of affected subjects decreases with genetic
distance from the proband. In fact, for BP, while first-degree relatives show a risk of
about 8, second-degree relatives have a risk of 2, and the risk rates decrease progres-
sively tomore distant relativeswho showa risk near to that of the general population
(Figure 2.2).
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Twin Studies

Twin studies make it possible to calculate heritability, that is to measure the influ-
ence of genetic factors onmooddisorder liability.This aim is achievedbycomparing
the risk of being affected in monozygotic and dizygotic twins. In fact, while di-
zygotic twins share 50% of their genes, monozygotic twins share 100%. A
comparison between the rate of affected co-twins in the two groups gives, with the
help of mathematical models, a determination of heritability. Allen analysed some
twin studies taken together and reported concordance rates of 40% and 11% for
monozygotic (MZ) and dizygotic (DZ) twins respectively for major depression
(Allen, 1976) (Figure 2.1). Following analysis substantially confirmed this finding
with concordances of 40% (MZ) and 20% (DZ) (Bertelsen et al., 1977; McGuffin
et al., 1996; Torgersen, 1986), even though concordance rates up to 67% were
reported, but in a small sample of 12 monozygotic twins (Bertelsen, 1985). The
heritability of major depression is therefore likely to be in the range of 31^42%.
This value is probably the expressionof the lowerbound, and the level of heritability
is likely to be substantially higher for reliably diagnosed major depression or for
subtypes such as recurrent major depression (Sullivan et al., 2000).

BP probandwise concordance rates range from 33% to 80% and 0% to 40% for
MZ and DZ respectively, with heritability estimates ranging from 30% to 80%
(Allen et al., 1974; Kringlen, 1967). The respective MZ and DZ probandwise
concordance rates in the largest and most methodologically rigorous study were
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Figure 2.2 Family and twin studies results for bipolar disorder



62% and 8%, with an heritability estimate of 59% (Bertelsen et al., 1977) (Figure
2.2).

More recent twin studies conducted with modern diagnostic criteria, validated
semi-structured interviews and blinded assessments, confirm these earlier reports,
thought not without exception (Kendler et al., 1992a; McGuffin et al., 1996).

Interestingly, amongMZ twin pairs concordant formooddisorder, 20% of the ill
co-twins havemajor depressionwhen one twin has a BP diagnosis (Allen et al.,1974;
Bertelsen et al., 1977). This observation supports the hypothesis that BP and UP
syndromes share some common genetic susceptibility factors. However, this is still
a highly debated issue (Winokur et al., 1993a;Winokur et al., 1995).

Adoption Studies

Twin studies may be biased by environmental issues; in fact cultural influences
could be responsible for the observed concordances, withmonozygotic twins reared
in a more homogeneous way, if compared to dizygotic twins. The ideal unbiased
study would employ twins reared apart, but adoption studies may also overcome
this bias. The basic strategy consists in studying the affection rate of biological
parents of adopted affected subjects. A higher than expected rate in biological
parents suggests heritable factors.

Results of adoption studies on mood disorders are heterogeneous. Wender
(Wender et al., 1986) found that mood disorders are present in a rate of 8% in 387
biological relatives of probands, this risk value isweakly higher than the control one.
Two other adoption studies, based on depression diagnosis, reported a small
amount of evidence for genetic susceptibility (Cadoret et al., 1985; von Knorring et
al., 1983). More interesting results were found by Mendlewicz in an adoption study
on BP (Mendlewicz and Rainer, 1977). The rate of affected biological parents of
probands was 7%, but it was null in biological parents of controls. In agreement
with family studies biological parents of bipolar patients showed a larger number
of subjects with major depression (21%) than biological parents of controls (2%);
again this result suggests that major depression and BP share some common genetic
susceptibility factors.

Mode of Inheritance

The knowledge of the mode of inheritance has substantial implications for aetio-
logic research and clinical practice. In fact, the finding of a single major locus
(SML) involved (i.e. that a single locus is responsible for the transmission of the
disorder), implies that a direct biochemical pathway from genotype to phenotype
accounts for the pathophysiology of the disorders. On the other hand, if a multifac-
torial complex model (interaction of both genetic and environmental components)
manages the mode of transmission, the search for a simple biochemical pathway is
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likely to be less fruitful. Unfortunately, converging evidence is consistent with a
complex inheritance of mood disorders. In fact, some pedigree analyses yielded
evidence for vertical familial transmission (Pauls et al., 1995a; Rice et al., 1987),
but results in general were not consistent with inheritance under a single major
gene (Tsuang and Faraone, 1990), even when families are subdivided according to
clinical criteria.

Familial risks for BPare not consistent with either single locus models (Craddock
et al., 1995), or two-locus/epistatic models (Neuman and Rice, 1992), although the
epistatic models were the best-fitting ones. Multiplicative models involving three or
more loci are more consistent (Craddock et al., 1995; Risch, 1990). A three-locus
symmetric multiplicative model (in which each locus has an equal effect) offers a
good fit, with a locus-specific recurrence risk ratio of about 2 (Craddock et al.,
1995).

Segregation analyses onunipolar depression rejected SML inheritance (Crowe et
al., 1981; Tsuang et al., 1985) but failed to discriminate between single major locus
andmultifactorial transmission (Price et al.,1987). In summary, themode of inheri-
tance for depression is complex, and transmission in most families does not follow
simple Mendelian patterns. Multilocus genetic and not-shared environmental
effects appear to play a significant role in influencing the risk of disease; heritability
estimates (like prevalence and risk of recurrence) are highly susceptible to change in
phenotypic definition. The potential involvement of epistatic multilocus transmis-
sion and locus heterogeneity have yet to be specified.

Finally, there is the possibility of an SML transmission of mood disorders that
simulates a complex model.This could be considered in the case of:

(1) Reduced penetrance, that is when some individuals with the disease genotype
do not express the illness phenotype, possibly because of polygenic effects,
environmental events or variable age of onset

(2) Phenocopies, such as when individuals without a disease genotype show the
syndrome for non-genetic causes

(3) Genetic heterogeneity for whichmutation at different genetic loci can indepen-
dently cause clinically indistinguishable disease forms.

Given the difficulty in homogeneity of mooddisorder diagnoses, many authors have
focused on markers that could identify more biologically homogeneous samples
with a simpler transmission model.

One of these markers is represented by antidepressant and lithium treatment
response. This choice spread from the observation that a first-degree relative of a
responder to a specific antidepressant may be responsive to the same therapy
(O’Reilly et al.,1994; Pare andMack,1971). In fact, families of probands responsive
to tricyclics or SSRIs fitted in abetter way withMendelianmodels (Franchini et al.,
1998; Orsini, 1987; Serretti et al., 1998a; Smeraldi et al., 1987). The prophylactic
efficacy of lithium also allowed the identification of a more homogeneous group of
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subjects (Smeraldi et al.,1984) with a recessive SMLmode of transmission (Alda et
al., 1994). But no definite finding has been produced so far.

Key point: converging evidence is consistent with a complex inheritance of mood
disorders. Also not-shared environmental effects appear to play a significant role in
influencing the risk of disease; these facts, together with the difficulty in homoge-
neity of mood disorder diagnoses, have led many authors to direct their attention to
markers that could identify more biologically homogeneous samples with a simpler
transmission model, for example antidepressant and lithium treatment response.
This choice spread from the observation that a first-degree relative of a responder
to a specific antidepressant may be responsive to the same therapy.

Molecular Genetic Studies

Linkage Studies

Linkage studies are aimed at measuring the tendency of two genes to segregate
together on the same chromosome through meiosis in families (LOD). The
measurement unit is the LOD-score, which can vary from negative to positive
values. A LOD-score of 3 or more is considered significant in fact it corresponds to
a probability of 1000/1 in favour of linkage (Ott, 1991). The main limitations of
linkage studies on mood disorders are connected to the complexity of this kind of
disease: in fact genetic parameters, such as themode of transmission and gene pene-
trance are unspecified, and, as was said above, phenotype definition is uncertain
(Tsuang and Faraone,1990). Several genetic loci have been studied; a review of the
most important findings follows.

X-chromosome.Epidemiologic studies have consistently shownwomen tobe at greater
risk than men for developing mood disorders. Those findings, together with some
studies on parent^child transmission of BP showing a father^child transmission
less frequent than mother^child transmission, could be consistent with an X-
linkage hypothesis of mood disorders. Table 2.1 shows a series of linkage studies
based on the idea that at last one of the genes involved in the development of major
depression and BP is located on chromosome X.

All the results of the reported studies are suggestive of X linkage, and, in parti-
cular, the Xq26^q28 region should be considered a strong candidate region for
genetic studies about mood disorders. However, methodological criticisms have
been raised about many of the earlier studies, and multiple failures to replicate
have been reported. In particular, a LOD-score of 7.5 obtained in a methodologi-
cally rigorous study for linkage to colour-blindness and G6PD deficiency in five
Israeli families (Baron et al., 1987) was not confirmed in those same pedigrees by
methods employing relevant Xq28 DNA markers (Baron et al., 1993). There is no
simple methodological explanation for why some studies are positive and other
negative. Although there are more negative results, the positive ones cannot be
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discounted. Current literature suggests that consistent independent confirmation of
reported linkages by molecular methods in novel kindred must remain the gold
standard, regardless of the level of statistical significance achievedby a single report
(Lander and Kruglyak,1995).

Chromosome 6.On the short arm of chromosome 6 there is a tightly clustered group of
genes known as the major histocompatibility complex (MHC).TheMHC contains
manygenes involved in controlling the immune response to foreign antibodies and it
is often called theHLA region.The region near toHLA hasbeen hypothesized tobe
involved in the genesis of major depression and BP.We have summarized studies of
HLA linkage to mood disorders in Table 2.2. Though more positive studies than
expected have been performed, no unequivocal finding has been achieved.

Chromosome 11.The availability of new genetic markers has more recently allowed
researchers to perform linkage studies on specific genes coding for enzymes involved
in catecholamines metabolism or for amine receptors. A linkage study of Old Order
Amish pedigrees described evidence (LOD-score44.0) for a BP locus on 11p15,
where the tyrosine hydroxylase gene was located (Egeland et al., 1987), but the
LOD-score (4.9) diminished to nonsignificance when pedigrees were extended and
members reevaluated (Pauls et al., 1991). Similar weakly positive LOD scores were
reported for this region by other investigators. Nevertheless, studies in numerous
other pedigrees did not confirm the first results.

Linkage to the dopamine D2 receptor gene (11q22^q23) has been excluded in
several analyses, while linkage to the dopamine D4 receptor gene (11p15.5) has not
been excluded.

Chromosome18. Suggestive evidencewas found for BP linkage to chromosome18p and
more precisely to a pericentromeric susceptibility locus (Berrettini et al., 1997;
Berrettini et al., 1994). Nonparametric analysis made on this study sample
confirmed the observation of linkage (Gershon et al., 1996). In addition, a linkage
study performedon nearly 30 pedigrees andusing several of the sameDNAmarkers
and similar analyses confirmed previous findings (Stine et al., 1995). Moreover,
Stine et al. (1995) noted that most of their positive 18p statistics derived from
paternal pedigrees, that is from kindreds in which there was evidence for paternal
transmission of the disease, like Berrettini et al. reported in the abovementioned
study (Berrettini et al., 1994). However, the strong dependence of linkage by age
correction employed in this sample (Cleves et al., 1997), makes these findings not
easy to explain. On the other hand, in a study of rigorously defined high-density
German families, no robust evidence for linkage for the pericentromeric region of
chromosome18 could be found (Maier et al., 1995). A suggestive evidence of an18q
locuswas obtained in other analyses (Freimer et al.,1996), but the implicated region
was over a 5Mb region, and other markers in between provided evidence against
linkage.Moreover, it was at least15Mb distant fromthe18q region for which signif-
icant evidence of linkage was previously reported (Stine et al., 1995). A further
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study supported the interest of the 18q23 region showing linkage with BP (Coon et
al.,1996). Stine (Stine et al.,1995) also reported evidence for a susceptibility locus in
18q21, that is approximately 40 cM more telomeric than the region identified by
Berrettini (Berrettini et al., 1994). In two large Belgian pedigrees, no linkage was
found for amarker located in the pericentromeric region, but analysis in one family
suggested that the 18q21.33^q23 region may contain a susceptibility locus for BP
(De bruyn et al., 1996).Thus, an 80Mb region encompassing most of both arms of
chromosome18 hasbeen implicated. Several nonreplicating studies on chromosome
18 linkage have been reported, but some of these do not have adequate statistical
power (Pauls et al., 1995b), even though other studies with adequate power have
been described (Detera-Wadleigh et al., 1997; Knowles et al., 1998).

Cromosome 21. Straub et al. (1994) described evidence for linkage of BP to a region of
chromosome 21q22.3, near the phosphofructokinase (PFLK) locus. A LOD-score
of 3.41 (genome-wide p value 0.04) was found in1of 47 bipolar families for localiza-
tion to 21q (Straub et al., 1994) and the analysis of the entire sample resulted in
suggestive evidence of linkage (LOD-score¼2.80). A confirmatory report has been
described (Gurling et al.,1995), inwhich evidence for a two-locus BP disease model
included an 11p and a 21q marker data. Further analyses confirmed this finding
(Aita et al., 1999; Ewald et al., 1996; Smith and Rubin,1997). Also a study made by
Detera-Wadleigh et al. (Detera-Wadleigh et al.,1996,1997) provide a confirmation
of Straub’s report (Straub et al., 1994), but, unfortunately, the evidence of linkage
was to a region more than 15Mb distant from that involved in Straub’s study
(Straub et al., 1994). Also, three non-replications have been published.
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TABLE 2.2 Studies of HLA-linkage

Study Results

Smeraldi et al., 1978 Sib pair analysis suggests linkage
Smeraldi and Bellodi,1981;Targum et al.,

1979
Excludes close linkage

Weitkamp et al., 1980 Excludes close linkage
Weitkamp et al., 1981 Sib pair analysis suggests linkage
Johnson et al., 1981 Excludes close linkage
Suarez and Croughan,1982 Sib pair analysis rejects linkage, but pooling

with old data suggests linkage
Turner and King,1981;Turner and King,

1983
Suggests linkage

Suarez and Reich,1984 Sib pair analysis rejects linkage
Campbell et al., 1984 Excludes close linkage
Kidd et al., 1984 Excludes close linkage
Waters et al., 1988 Linkage was excluded
Stancer et al., 1988 Positive results
Payami et al., 1989 Sib pair analysis suggests linkage for UP
Price, 1989 No evidence for linkage



Other Chromosomes. Significant evidence of linkage to 4p was reported in a single
pedigree (Blackwood et al., 1996), but a failure to replicate occurred in other pedi-
grees. Suggestive evidence has been reported for other linkages to 5p (Kelsoe et al.,
1996), 6p (Ginns et al., 1996), 10q (Rice et al., 1997), 12q (Craddock et al., 1994b),
16p (Ewald et al., 1995), and 22q (Lachman et al., 1997). Other significant linkage
studies were made by Straub (Straub et al., 1994) and Aita (Aita et al., 1999) on
polymorphisms located on chromosome 21 and Blackwood (Blackwood et al.,
1996) on chromosome 4p16.

Key point: no region has been convincingly identified as a locus of bipolar
susceptibility, even if there are several confirmed reports of loci of smaller effect.
The causes of this inability to obtain more compelling evidence may be multifa-
ceted. Possibly, genes confer susceptibility to mood disorder, but they have such a
small relative effect on risk that a very large sample is required for detection. More-
over, specific genes may confer susceptibility in a small number of families, so that
failures to replicate reflect the confounding effects of genetic heterogeneity. Finally,
the reported positive results may be due to chance.

Association Studies

Themain goal of association studies is the detection of polymorphic genetic variants
which occur more frequently in individuals with a disease compared to control
subjects.The main advantages of this kind of study in mood disorders are the need
to define a genetic model of the analysed disorder and the possibility of detecting
geneswith aminor effect onthe affectedphenotype (OR¼2^5).Themain disadvan-
tages are the possible detection of spurious associations and the stratification biases
due to the differences in allele frequency of the different ethnicities (Cardon and
Bell, 2001). Similarly to linkage studies, association analyses have not yielded defi-
nite findings. Family-based association studies have been recently widely used to
control for stratification biases (Falk and Rubinstein, 1987; Spielman et al., 1993).
They are based on comparison of transmitted with non-transmitted alleles in
families of affected subjects. However, this kind of study presents some recruitment
difficulties, thus decreasing the power of the sample; in addition, the low age of
probands may cause ascertainment biases (Khoury andYang, 1998; Schulze et al.,
2001).

HLA Complex and ABO System. Many studies have looked for a possible association
between mood disorder and HLA antigens. The most conservative interpretation
of these results is that mood disorder is not associated with HLA; however, if such
an association exists, it is either very weak or limited to a subset of patients (Smer-
aldi and Bellodi, 1981; Suarez and Reich,1984).

Like the HLA antigens, the ABOblood groups have been found to be associated
with a variety of different diseases.The reported associations are in any case incon-
sistent with the negative ABO linkage studies. It is, however, notable that the gene
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for dopamine-beta-hydroxylase (DBH) is strongly suspected to be closely linked to
the ABO locus on chromosome 9 (Goldin et al., 1982; Wilson et al., 1988). Since
DBH is critical to the synthesis of catecholamines, it is a reasonable candidate to be
involved in mood disorders.

Chromosome X: MAOA and MAOB genes and 5-HT2C Receptor Genes. The association
between mood disorders and polymorphic markers on the X-chromosome have
also been investigated. In factYoneda et al. (1992) reported an association with the
marker DXYS20 in Japanese BP patients; this result has not, however, been repli-
cated in European populations (Nothen et al., 1993; Parsian andTodd,1994).

The MAOA and MAOB genes, which code for the enzymes that degrade
biogenic amines, are both located on the X-chromosome in the Xp11.2^p11.4
region. Limet al. (1994b,1995) reported aweakbut significant associationbetween
three different polymorphisms in the MAOA gene and mood disorders. An asso-
ciation has also been found between the MAOA gene and BP (Kawada et al.,
1995), but the association concerned different alleles. A meta-analysis made by
Rubinsztein in 1996 reported a significant difference between normal and
bipolar allele frequencies (Rubinsztein et al., 1996). However, a series of negative
reports followed.

The 5-HT2C receptor gene has been studied as a candidate gene for BP andMD.
Two groups found a weak association with BP (Gutierrez et al., 1996; Oruc et al.,
1997b) whileVincent and collaborators (Vincent et al., 1999) found no association.
No associationwas foundwith major depression. Recently, a large data set from the
European Collaborative Project on Affective Disorders has been analysed (Lerer et
al., 2001). Significant associations of the 5-HT2C cys23ser polymorphismwith both
major depression (p¼0.006) and BP (p¼0.02) have been found.

Chromosome 5: Alpha1 GABA A Receptor, 5-HT1A Receptor and DT Genes. Preliminary
evidence suggested linkage for the long arm of chromosome 5 with mood disorders.
This region contains candidate genes for mood disorders, such as the alpha1subunit
of the GABA A receptor and the 5-HT1A receptor. In this case, as well, negative
results were found (Curtis et al.,1993; Detera-Wadleigh et al.,1992). Also the dopa-
mine transporter gene, located in a different region of chromosome 5, has been
investigated, but no association with mood disorders has been found. In fact,
evidence suggesting linkage disequilibrium between DTand BP has been reported
byWaldman et al. (1997), even though other studies did not confirm this result.

Chromosome 11 and 17: Tyrosine Hydroxylase, D2 Receptor and D4 Receptor Genes, HTT,

Tryptophan Hydroxylase. These two chromosomes received much interest because a
series of candidate genes are included in them.Those are genes coding for proteins
of serotonergic, dopaminergic, and adrenergic pathways that have been candidates
because of their involvement in the pathophysiology of mood disorders (Willner,
1995). Chromosome 11 in particular has been largely investigated in psychiatric
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disorders because of the presence of tyrosine hydroxylase (TH), dopamine receptor
D2 and dopamine receptor D4.

Several reports have described evidence for association of TH gene with BP
(Leboyer et al., 1990; Meloni et al., 1995; Serretti et al., 1998c), although other
groups have not confirmed this observation. Meta-analysis of the results of associa-
tion studies (Furlong et al.,1999) do not support theTH gene having amajor role in
the aetiology of BP.

Most studies showed no association between the gene for the dopamine receptor
D2 and mood disorders, while few studies investigating the dopamine receptor D4
gene have found positive results (Catalano et al., 1993; Kaiser et al., 2000; Lim et
al., 1994a; Manki et al., 1996; Weiss et al., 1996) compared to many studies
excluding associations.

One of themost widely studied candidate gene has been the serotonin transporter
gene on chromosome 17q. Several positive results (Collier et al., 1996; Coyle et al.,
2000) have been published, showing the association of BP with a polymorphism in
the promoter region or an intronic polymorphism. Allelic association has also been
suggested with MD; nevertheless, there have also been several negative reports for
both BPandMD.

The tryptophan hydroxylase gene, located on chromosome11, codes for the rate-
limiting enzyme of serotonin metabolism and for this reason is a candidate gene for
mood disorders. A significant associationwas found with BP by Bellivier and colla-
borators (Bellivier et al.,1998); but other studies did not confirm this positive result.

Other Candidate Genes. A large number of other candidate genes have been investi-
gated, but to a lesser extent compared to the previous ones. Some of them are listed
here. Catechol-o-methyl transferase (COMT) low activity polymorphic allele was
associated with rapid-cycling BP (Lachman et al., 1996) and mood disorders in
general (Ohara et al., 1998) but negative replications followed.

In 1995 Parsian and collaborators found an increased frequency of a specific
transmitted allele of D3 receptor gene in bipolar families (Parsian et al., 1995), but
several studies could not confirm it.

The 5-HT2A receptor gene has been also studied as a candidate gene for mood
disorders, but, again, ambiguous results have been reported.

Researchers had also investigated the possible association between genes coding
for proteins involved in intraneuronal signal transduction and mood disorders. In
fact, effects of mood stabilizers and antidepressants onG protein function have been
observed (Manji et al., 1995). In addition, abnormalities in the expression of G
protein have been demonstrated in patients affected by mood disorders. Zill et al.
investigated whether the C825TGbeta3 polymorphism was associated with mood
disorders; they found a significantly higher frequency of mutantTallele in depres-
sive patients than in healthy controls and schizophrenic patients (Zill et al., 2000)
but another study could not confirm the finding in an oriental population (Lin et
al., 2001).
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Key point: a lot of association studies have been performed to investigate possible
associations between mood disorders and genetic polymorphisms.Themost attrac-
tive candidate gene studies would be those that test polymorphisms known to alter
protein structure or to be expressed in genes which are simultaneously positional
candidates and functional or structural candidates. Few candidate genes received
independent confirmation and not one was unequivocally associated with mood
disorders.

Anticipation

Molecular studies investigated also a different phenomenon called ‘anticipation’.
Anticipation implies that a disease occurs at a progressively earlier age of onset
andwith increased severity in successive generations. It has been found to correlate
with a new class of mutations, expanded trinucleotide repeat sequences (CAG for
example, inHuntington’s disease).These repeat sequences are unstable and increase
in size across generations. Evidence for anticipation has been reported in several
family studies of BP (McInnis et al., 1993; Nylander et al., 1994) and of MD
(Engstrom et al., 1995), but there are problems of ascertainment biases (Hodge
and Wickramaratne, 1995). As an example, earlier age of onset and increase in
severity may be related to increased sensitivity to diagnosis in offspring of affected
parents. Researchers have investigated the presence of unstable expanding tri-
nucleotide repeated sequences (Lindblad et al., 1995; O’Donovan et al., 1995; Oruc
et al., 1997a), and a significant increase in CAG repeats between parents and
offspring was observed (Mendlewicz et al.,1997; O’Donovan et al.,1996). However
no definitive evidence for causative expansions has been found, so the hypothesis
that unstable trinucleotide repeats represent a BP susceptibility factor deserves
further studies (Saski et al., 1996).

Animal Studies

Given the difficulties encountered in human studies, many turned their efforts
toward animal models. The term ‘model’ means that the animal behaviours are
similar but not identical to some of the signs of the disorder. For example, in mice
we can create a syndrome of ‘learned helplessness’ that could be considered as a
model of depression. Biology and anatomical structures in different animals are
homologous if they have similar evolutionary origins. In fact many human genes
are homologous to genes found in the genomes of other animals: about 85% of
genes found in mice are also found in humans. Moreover pharmacological studies
routinely employ specific animal behaviours as models of human mental disorders.

Knockout strategies are the most widely used.The knockout mouse allows us to
study the effects of mutations that prevent a gene from functioning.We can create a
knockout mouse by removing both copies of a gene from its genome and therefore
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blocking the production of the correspondent specific protein. By studying these
mice we learn about the effects of mutations that prevent normal gene functioning.
As an example, a knockout mouse which was missing the dopamine transporter
gene showed a prolonged clearance of dopamine of about 100 times. Interestingly,
this knockout mouse exhibited hyperactivity, suggesting that the dopamine trans-
porter plays an important role in influencing level of motor activity (Caron, 1996).
Other findings include a quantitative trait locusQTL for a hyperactivity phenotype
that has been localized in rat chromosome 8 and explains 29% of the variance
(Moisan et al., 1996). More subtle traits such as memory have been studied as well.
For example, mice that lack one of the isoforms of the protein kinase C show
abnormal hippocampal ‘long term potentiation’; similarly, a deletion of one of the
subtypes of the metabotropic glutamate receptor results in impairment of LTP
(Abeliovich et al.,1993; Aiba et al.,1994). Further,mice lackingmonoamine oxidase
A gene (Cases et al.,1995) showan abnormalmating behaviour, decreased thigmo-
taxis, increased resident intruder attacks and pup neurological abnormalities. On
the other hand, micewithout the D2 receptor gene have abnormal gait and hypoac-
tivity on the rotarod. Finally, knockout mice for the tyrosine hydroxylase gene show
a decrease of spontaneous activity and the cessation of eating and drinking (Zhou
and Palmiter, 1995).

Key point: the study of knockout animals can help us to understand the connec-
tion between the genotype and the neurochemical modifications and the
mechanisms of action involved in the pathogenesis of mood disorders, by giving us
behavioural models reflecting human psychopathological phenotypes.

PERSPECTIVES IN TECHNIQUES AND GOALS FORTHE
GENETICS OF MOODDISORDERS

New Definitions of the Affected Phenotype

We have already mentioned that diagnoses in psychiatry are not based on biologi-
cally valid measurements, but mainly on clinical features. This lack of validity has
probably been the reason for the lack of definite results in molecular genetic studies.
Therefore, during recent years, researchers, prompted by inconclusive results,
developed alternative phenotype definitions. This is a quite difficult issue because,
before any phenotype can be used for the search for liability genes (e.g. symptoma-
tology, neuropsychology), it must demonstrate a number of properties. First it
should be a reliable measurement; then the pathway linking it to the underlying
biological mechanism should be at least plausible; finally it should demonstrate a
significant heritability in formal genetic studies. One approach used symptom clus-
ters independently of diagnoses to be associated with specific gene variants. It has
been reported that during illness episodes a number of symptoms may be similar
across diagnoses (e.g. delusional symptoms). Those clusters of symptoms are
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receiving increasing interest as they may be reliably measured, have a plausible
biological pathway, evidence a moderate but significant heritability (Cardno et al.,
1997,1998;VanOs et al.,1997), are stable over time andare correlatedwith regional
anatomical brain abnormalities. As a result many recent studies reported genetic
liabilities for symptom clusters or behavioural traits independently of psychiatric
diagnosis. In particular DRD4 long variants have been associated with the
novelty-seeking trait in normals, and the sameDRD4 long variants have been asso-
ciated with delusional and disorganized features in both mood disorders and
schizophrenia (Benjamin et al., 1996; Ebstein et al., 1996; Serretti et al., 2000a,
2001a). Suicidality has also been studied,TPH*Avariant was proposed as a liability
factor for suicidal behaviour, but no unequivocal result has been reported.

Key point: psychiatric genetics could serve as an instrument to create new defini-
tions and nosological criteria for the improvement of diagnostic and prognostic
precision.

Pharmacogenetics

One of the most promising approaches is pharmacogenetics. This field has gained
increasing attention in recent years and holds great promise for clinical medicine
(Dettling et al., 2001; Pickar and Rubinow, 2001; Roses, 2000; Segman et al.,
1999). Pharmacogenetic strategy studies how genetic variation could affect the
response of patients to psychotropic drugs and their susceptibility to adverse drug
reactions.Themain goal would be the possibility for clinicians in the future to opti-
mize the use of medications by choosing the drug most likely to work for a given
patient according to its particular genetic profile. Pharmacogenetics could also be
considered as a solution to bypass the problem of the biological heterogeneity of
psychiatric diseases. In fact the heritability of response patterns to psychotropic
drugs has been shown to be more homogeneous and not influenced by diagnostic
biases (see the earlier section on‘Mode of inheritance’).

Pharmacogenetic studies of mood disorder involving short-term antidepressant
and long-term lithium response have only been performed in recent years (for a
review see Serretti, 2002; Serretti et al., 2002). Drug response has the property of
being reliably measurable (Hamilton,1967), the involved pathway is, at least partly,
known (Maes and Meltzer, 1995; Post andWeiss, 1995) and, finally, drug response
has been shown to be heritable. In fact, affected relatives’ response rate to a psycho-
tropic drug should be taken into account in the choice of a patient therapy. Early
reports have suggested that affected children of bipolar lithium responders showed
a good response to lithium therapy (McKnew et al.,1981;Youngerman and Canino,
1978) and more recently Grof et al. have reported that lithium response in a sample
composed by relatives of responder probands was 67% compared to 30% in a
comparison group (Grof et al., 2000). Even studies of unipolar depression provide
evidence of how antidepressant response runs in families (Franchini et al., 1998;
O’Reilly et al., 1994; Pare and Mack, 1971). In Table 2.3 we report some recent
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psychopharmacogenetic association studies, with their findings.The most relevant
finding is the repeatedly confirmed association between functional polymorphism
(5-HTTLPR) in the upstream regulatory region of the serotonin transporter gene
(SLC6A4) and the short-term response to various antidepressant treatments. Other
genes have been proposed but they are to be confirmed.

Key point: pharmacogenetic studies could be useful to predict the patient
response rate to the various psychopharmacological treatments, and thus facilitate
therapeutic choices for the clinician. Moreover they shed light on mechanisms of
antidepressant response and, eventually, on mechanisms of the diseases.

IllnessTime Course

Aprognostic factor for identifying specific patterns of recurrence in mood disorders
would be useful to detect unfavourable outcomes during the early phases of the
treatment (Merikangas et al., 1994) but currently, despite the efforts made in last
recent decades, only few factors have been shown to be associated with specific
illness time courses.

The time course of mood disorders can range from a single episode to a recurrent
pattern with few or no intervals (Angst and Merikangas, 1997), and it is not stable
over time; besides, cycle length appears to get progressively shorter, reaching after
three to five episodes a frequency plateau of about one episode a year (Angst, 1981;
Goodwin andJamison,1990; Keller et al.,1983; Kessing et al.,1998;Winokur et al.,
1993b). Demographic and clinical features have been alternatively either associated
with aworse prognosis or not (Cusin et al., 2000).

A possible association between the time course of mood disorders and genes
involved in neurotransmission have been investigated, with the finding of a signifi-
cant association between rapid cycling time course and the long 5-HTTLPR
variant (Cusin et al., 2001; Smeraldi et al., 2002).

Neuropsychology Features

One approach that may improve power to find genes for complex disorders is to
target biological traits found in ill subjects and in their unaffected relatives, so-
called intermediate neuropsychological phenotypes (rather than clinical diagnosis)
(Egan andWeinberger,1997; Freedman et al.,1997; Kremen et al.,1994). Such traits
may have a simpler genetic architecture and be more directly related to the bio-
logical effects of susceptibility genes (in comparison with the complex clinical
syndrome). Up to now studies have principally concerned schizophrenic disorders,
but they could be useful to hypothesize a similar approach tomood disorders.There
is evidence that abnormal function of the prefrontal cortex may represent an inter-
mediate phenotype related to genetic risk for schizophrenia (Cannon et al., 2000;
Goldberg et al., 1990). Stable deficits in cognitive functions referable to the
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dorsolateral prefrontal cortex, such as working memory and so-called executive
functions, and cortical physiological abnormalities during performance of such
tasks, have been consistently reported in studies of patients with schizophrenia
(Carter et al., 1998; Manoach et al., 1999;Weinberger et al., 1986). They may be
reliablymeasuredand recent evidence indicates that healthy siblings showcognitive
and physiological abnormalities similar to affected subjects, suggesting that these
traits may be heritable and could represent informative intermediate phenotypes
for genetic studies of schizophrenia (Park et al., 1995). The relationship between a
functional polymorphism in the COMTgene and prefrontal mediated cognition on
the one hand and prefrontal cortical physiology on the other hand, was examined.
Consistent with the enhancing effect of dopamine on prefrontal neuronal function
demonstrated in experimental animals, the load of the low activity allele predicted
enhanced cognitive performance (Egan et al., 2001).

Key point: association studies between genetic polymorphisms in candidate
genes and neuropsychological task performances could evaluate the genetic contri-
bution to the impairment of some functions, such as cognition, evidenced in mood
disorders.

Chronobiology

Living organisms exist in an environment that varies regularly over a period of
24 hours. The endogenous source of the circadian control mechanism is what we
refer to as its ‘clock’. Given the importance of circadian rhythms in mood disorders
(antidepressant efficacy of rhythm manipulation, abnormal rhythms observed in
depression andmania) this field has recently interested researchers. About a decade
ago, the first mammalian single-gene circadian mutant spontaneously appeared in
a laboratory (tau mutant hamster). It exhibited a cluster of clock phenotypic
abnormalities. Subsequently a mouse was found which showed an aberrant circa-
dian period; this was the first carrier of a mutation in the clock gene. The clock
gene was cloned and functionally confirmed to be responsible for the circadian
phenotype by the transgenic insertion of copies of normal CLOCK into mutant
mouse embryos, which was shown to rescue circadian rhythmic behaviour. Recent
observations of clock genes and their role in the regulation of mammalian circadian
rhythmicity raised interest in the possible role of genetic mechanisms in influencing
the abnormalities of circadian rhythms that characterizemajor depressive episodes
(Bunney and Bunney, 2000). Patients affected by a major depressive episode often
report to the clinician an important variation in the intensity of perceived sympto-
matology during the day, with typical mood worsening in the morning. A single
nucleotide polymorphism (T to C nucleotide substitution in position 3111) was iden-
tified, and a study on diurnal preferences of healthy human subjects showed that
subjects carrying at least one copy of the C allele had a substantial10- to 44-minute
delay in preferred timing for activity or sleep (Katzenberg et al., 1998). Diurnal
variations of mood are of great clinical relevance, because they have been shown to
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be a predictor of a good general clinical responsiveness both to antidepressant drugs
(Fahndrich, 1987) and to antidepressant sleep deprivation therapy (Reinink et al.,
1993). It has been recently reported that clock variants may influence recurrences of
mood disorders (Benedetti et al., 2003), but further studies have yet to be
performed.

Key point: the study of genes involved in circadian rhythm and their association
with diurnal variations of mood, and dysfunctions in the sleep/wakefulness cycle, is
a promising field for the better understanding of the neurobiology of mood
disorders.

FINAL REMARKS

Clinical Implications of Psychiatric Genetics

Despite the large set of data produced, the practical implications of psychiatric
genetic data for clinical work are not yet available.This reflects the natural progres-
sion of any scientific field: a long period of basic research and development usually
precedes clinical applications by many years. In the future, as genes are discovered
and their mechanisms of action are better understood, psychiatric genetics could
have an important impact on clinical practice. In fact the delineation of subforms
having different genetic and environmental contributions will allow clinicians to
target treatments to specific causes. Present nosology could be largely reviewed
and a new classification based on the genetic profile could be defined. Ultimately,
the technology of gene therapy will allow physicians to prevent psychiatric disorders
at the very earliest stages of life. Today, diagnostic tests are available for many
genetic disorders. The development of such diagnostic instruments for psychiatric
disorders and targeted therapies is a distant hope, but could be possible in the
future.

NewApproaches in Molecular Studies

Molecular genetic techniques are changing very rapidly. Until recently, a few
hundred evenly spaced markers on the whole genome were used for a genome scan.
But it has been shown that disequilibriummay be not detectable for distances larger
than 60 kb, or even less in hot regions (Ardlie et al., 2002).This has led to the use of
the single nucleotide polymorphism (SNP), the most abundant type of poly-
morphism in the genome. SNPs occur about once every 1000 base pairs; there are
thusmore than 3million of them in the genome. Adense genome-widemap of SNPs
has already been published (Marshall et al., 1999) and it is continuously being
extended. Although these polymorphisms are mostly biallelic markers, thus
providing relatively little information and, the majority of them, unlikely to
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influence either the structure or the function of coded proteins, they are useful
because of their large number.The efficiency of this method is based on the ability
to simultaneously perform large numbers of SNP genotypes using ‘gene chips’
(Shoemaker et al., 2001). These are small slides where thousands of genes may be
analysed at one time. Despite their potential usefulness, the use is still limited by
the high costs (about 1000 USD each) and the lack of adequate statistical analysis
for the large amount of data they provide. In fact a simultaneous analysis of thou-
sands of genes, many of which are nonfunctional or are not related to the trait under
analysis, leads to an unacceptable risk of false positive findings.

A final step could be gene therapy: the gene product could be cloned and intro-
duced, as has been done with blood clotting factorVIII (for haemophilia A) and
growth hormone (for growth hormone deficiency). Alternatively, the gene itself
could be directly a therapeutic target. Gene augmentation therapy could be the
solution of problems concerning the loss of function of a specific gene; in this case,
extra copies of the normal gene could be introduced. Target inhibition of gene
expression could instead be employed if the inappropriate expression of a gene
gives rise to a novel nonfunctional gene product.This may for example be accom-
plished using antisense therapeutics where gene-specific antisense sequences block
transcription or translation of the susceptibility gene.

Key point: the most modern genetic techniques (for example gene chips) and the
codification of the whole human genome, together with continuous progress in
molecular genetic and biomedical knowledge, could make possible in the distant
future a gene therapy also for psychiatric disorders. This technology would allow
physicians to prevent psychiatric disorders at very earliest stages of life.

Conclusions

The inconsistent results of the different types of genetic studies support the hypoth-
esis that mood disorders are both genetically and phenotypically heterogeneous.
Genetic heterogeneity implies that more than one single genotype can cause mood
disorders, while phenotypic heterogeneity suggests that a single pathogenic geno-
type can be expressed by several phenotypes. Future studies may have as their
main target the provision of insight into these mechanisms.

A possible comprehensive explanation could be that gene abnormalities only
confer susceptibilities to single phenotypic traits. For example, genetic liability
may be also expressed as psychopathological traits shared by several psychiatric
disorders. This is the case for DRD4*7, which, independently by categorical
psychiatric diagnosis, has been reported to be associated with ADHD (Faraone et
al., 1999), the novelty seeking personality trait (Ebstein and Belmaker, 1997), and
delusions (Serretti et al., 2000a). This hypothesis is also valid for the genetics of
treatment response.The polymorphismwithin the promoter of the serotonin trans-
porter gene (5-HTTLPR*s) is hypothesized to confer susceptibility to anxiety
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features (Lesch et al.,1996) and aworse antidepressant response in subjects affected
by mood disorder (Smeraldi et al., 1998).

In conclusion, genetic factors most probably influence mood disorders, the liabi-
lity is most probably limited to traits such as psychopathology, time course or drug
response. At the present time, knowledge does not allow us to formulate definitive
hypotheses.The clinical utility of such researches in improving diagnosis and treat-
ment could be more substantial once definite findings have been obtained.
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Unipolar Depression
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University of Florence, Florence, Italy

DEFINITION

All psychiatric classifications, both traditional and present, consider mood disor-
ders in a unique, broad diagnostic category.

Mood is defined by DSM-IVas ‘pervasive and sustained emotion that colours the
perception of the world. In contrast with affect, which refers to more fluctuating
changes in emotional ‘‘weather’’, mood refers to a more pervasive and sustained
emotional climate’ (DSM-IV).

The psychological, as well as philosophical, tradition describe mood as an affec-
tive/emotional state that colours, underlines, modulates, stands behind any psychic
representation. A psychic representation is any content of the mind, whether
conscious or not, such as ideas, memories, dreams, etc.

In other words mood has to be seen as coloured spectacles through which any
individual sees the world, both external and internal. Such a similitude should
remind those who are familiar with philosophy of Immanuel Kant’s (1781) concept
of space and time as ‘categories’. In the same way, mood could be considered as an
adjunctive categorical attitude that cannot be present and that is the necessary
prerequisite to any form of cognition.

Mood is obviously modified by the events that occur in the real world. It is the
common experience of each of us that negative events, losses and disappointments
lower ourmood, leading us into a state of depression, anger, pessimism . . . . Conver-
sely, favourable occurrences, even theminor ones, tend tomake us happier, positive,
satisfied. On the other side, mood affects all of our cognitions, judgements, expecta-
tions. The same task that was seen as worthless, hard, useless when in low spirits,
becomes positive, worthy, easy to achieve a few minutes later, after our mood has
changed. Through these continuous variations, where mood is influenced by the
ever-changing flow of life events, and in turn determines our attitude toward the
life, remains the basic characteristic of normal mood, i.e. its mobility. Mood must
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be changeable, must vary, must have different colours. According to the classic
psychopathology, mood disorders are characterized by the loss of the normal
mobility and changeability of the mood: it remains blocked and fixed in a single,
static condition.

Pathological mood is no longer influenced by changes in reality and remains
steady and still, regardless of any occurrence. On the other hand, the state of mood
continues to determine the cognition and the interpretation of reality. In the contin-
uous inter-exchange mood 5- -4 reality the arrow ‘mood towards reality’
continues working, whereas the arrow 5reality to mood4 is interrupted (Figure
3.1).

Whether or not this condition represents an extreme of the continuum of mood
(i.e. extreme depression or extreme euphoria) does not matter much to the psycho-
pathologist. The simple fact that mood is no longer influenced by the events of
everyday life, especially in relationships with others, is per se a dramatically painful
experience for the sufferer.The incapability to‘feel with’ is experienced as one of the
most negative sensations that one can have.‘I cannot love my sons, and I can’t stand
it’,‘I feel as though Iwere a fish in anaquarium, seeing theworld through aglass, but
without participating’,‘I’m a rock in the river, the water flows and I remain stil’,‘I’m
flat, Icannot vibratewith the others’are some of themost typical sentences reported
by sufferers from depressive illness.

The lack of response to the external stimuli is therefore the basis of the pathology
of mood, rather than the intensity of the emotion

Basically, mood is usually considered to vary between euphoria and depression,
with anger being present along the whole continuum of mood.

The word ‘depression’, however, is in itself a bad choice. First of all,‘de-pression’
means loss of pressure, diminution, decrease. The use of the word ‘depression’ as a
synonym of ‘decrease’ is clear, for instance, whenwe speak of ‘an economic depres-
sion’or of ‘a geographical depression’. Every clinician, however, is well aware that
clinical pathological depression is far from being ‘less’: the level of the emotional
arousal as well as the psychomotor agitation suggests instead the opposite.

Secondly,‘depression’, even in its psychiatric use, is used with different meanings:
it is in fact used to indicate a symptom (depressedmood), a set of symptoms (depres-
sive syndrome) or a disease (depressive illness). These different uses may easily
generate ambiguities. For lay people, for instance, the term‘depressed’as a synonym
of ‘sad’,‘upset’,‘low’, allows pathological depression to be interpreted in comparison
with their own subjective normal states of unhappiness, thus the vision of melanch-
olia as a severe state is lost. For clinicians (and for patients), however, the‘erlebnis’of
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pathological depression is far from just ‘feeling a little sad’. Hence the opinions that
‘depression doesn’t exist, it’s just a matter of will’, etc.

The term‘depression’can also indicate a group of symptoms and signs defining a
syndrome, where having one symptom increases the probability of having other
specific symptoms.This is the usual significance that psychiatrists give to the word
‘depression’.

A third meaning that has been attached to the word ‘depression’ in psychiatry is
that of an illness, assuming that all the aspects of the depressive syndrome should be
attributed to a single, hidden pathological phenomenon, even if unknown at the
moment.This interpretationwas popular in Europe until a couple of decades ago.

At present, the commonly accepted meaning of the term ‘depression’ is that of a
set of signs and symptoms, and the word used to mean it is ‘disorder’.

PSYCHOPATHOLOGY

Fourmajor clusters of symptoms and signs are recognized in the diagnosis of depres-
sion.These are: mood, cognition, psychomotricity and the neurovegetative area.

With regard tomood, the current diagnostic systems require the presence of the
symptom‘depression’. Pathological depression differs from normal sadness because
of the following characteristics:

. its ‘erlebnis’ is qualitatively different from that of sadness;

. there is no external trigger, or if there is, the depressive reaction is inadequate;

. it is not influenced by objective events or situations;

. it is quantitatively more severe;

. its duration is longer;

. it is often associated to other symptoms.

As saidbefore, themain characteristic of pathologicalmood, depressive ormanic, is
its fixity: the patient’s mood is unable to vary along the continuum ranging from
sadness to euphoria. Normal external and internal events influence mood and
mood influences the perception of reality. Reality, in pathological mood, loses its
ability to influencemood, which indeed influences reality testing. Several character-
istics of depression derive from this fixity of mood. Anhedonia (the inability to feel
pleasure from formerly pleasant things) directly derives from the stasis of themood.
It might lead to ‘the feeling of being absent’ or affective depersonalization, experi-
enced with great suffering, a sense of guilt and inadequacy. Patients do not take an
interest or feel love for anyone, not even for those previously loved, such as family
members. Sometimes regret becomes auto-sarcasm, described by German authors
as ‘galghenhumor’ (gallows humour), comparing it to the witticisms of those
condemned to death.
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Patients perceive guilt and inadequacy in the present, irreparable faults in the
past, and despair without any possibility in the future. Guilt and an alteration in
temporality are depression’s nuclear features.

According to the subjective phenomenological psychopathology (Jaspers, 1959),
guilt is the nucleus of the internal experience of melancholic patients.

According to objective phenomenological psychopathology (Biswanger, 1960),
the essence of the melancholic’s internal world is an alteration of the time structure,
with an abnormal prevalence of the past over the present and the future.This is the
basis of other melancholic features, including a sense of guilt that is irreparable in
the absence of a future when one might repair.

Sometimes the mood is prevalently dysphoric (depressed moodwith irritability).
Often anxiety accompanies depression, sometimes being dominant, especially in
elderly patients.

Cognitive symptoms are considered (in classical phenomenological
psychopathology) dependent on affective ones. This is evident in memory
deficit: in depression, unlike that in dementia, the deficit is more subjective
than objective and essentially depends on an attention deficit that is due to a
typical lack of interest. The same goes for indecision: every decision seems diffi-
cult to make and the patient feels that making a choice is beyond his ability. A
general lack of interest combined with a high sense of inadequacy manifests
into a vicious cycle.

With regard to thought alterations, the typical depressive formal alteration is
retardation in the flow of thinking, to the point of total inhibition. Sometimes
thought tends to fix rigidly on the same themes, as in the case of ruminations or
delusions.Typical depressive thought contents deal with sadness, hopelessness, lack
of future, guilt, low self-esteem, ruin, disease and death. Depressed patients think
about death in different ways, ranging from taedium vitae (boredom with life), to
death desire without clear intention to kill themselves, to‘suicidal ideation’, without
a specific plan or with a structured programme of themodality and the instruments
to realize the project. Actual self-harm (suicidal attempts and lethal suicides) are
less frequent than suicidal ideation, because of the lack of will and energy typical
of depressed patients. With regard to delusions, the classical psychopathology
describes holothymic delusions (derivable from mood) as secondary delusions, but
also acknowledges the possible presence of primitive delusions (not derivable from
other psychopathological phenomena). DSM-IV (APA, 1994) distinguishes
between mood-congruent and mood-incongruent delusions. Mood-congruent
delusional themes are entirely consistent with the typical depressive feelings of
personal inadequacy, guilt, disease, death, nihilism or deserved punishment. The
extreme evolution of feelings of inadequacy and disease delusions is the ‘nihilistic
delusion’, or Cotard’s syndrome, in which negation is absolute and may concern
the body, the spirit, the entire person, the whole universe, possibly reaching mega-
lomania.Mood-incongruent delusions do not involve typical depressive themes, but
refer to other themes, such as persecutory ideas, thought insertion, thought broad-
casting and control experiences.
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We can also find hallucinations, usually fragmentary and fluctuant, that might
interest all the senses and are more similar to organic than to schizophrenic halluci-
nations. Even hallucinations can be mood-congruent or incongruent.

Regarding psychomotricity, the typical depressive feature is motor retarda-
tion: movements are reduced and slowed, speech is also reduced, slowed and
polarized on the same restricted themes. The facies expresses lack of interest and
sadness, mimics is rigid, patients complain of asthenia, loss of energy and fatigue
to the point of psychomotor arrest, in which patients do not respond to any stimula-
tion, do not eat, do not get up from bed even for their physiological needs. This
condition is very severe and might worsen due to physical complications, especially
linked to dehydration and denutrition.

Even if motor retardation is typical of depression, sometimes psychomotor agita-
tion can also be present, especially in patients characterized by dysphoria or
anxiety.The patients appear extremely restless and agitated.

Somatic symptoms and signs are usually linked to depressed mood and are
sometimes the most prominent features (‘depressive equivalents’, ‘masked depres-
sion’) (Lopez-Ibor Alino, 1976; Lesse, 1977; Kielholz, 1979; Pichot, 1986; Cohen,
1987).These symptoms and signs refer to the areas of sleep, appetite, sexuality and
biological rhythms. Depressed people can show both insomnia and hypersomnia,
but the most characteristic pattern is terminal insomnia, with early morning
waking (at least two hours before the usual time). Appetite can be decreased or
increased with or without weight loss or gain; the most typical pattern is a decrease
in appetite with weight loss. In the area of sexuality, desire is very usually severely
impaired. Frequently men have erectile dysfunction and impotence, accompanied
by loss of desire.Women experience loss of desire and menstrual cycle disturbances
(retardation or arrest). Symptoms show a characteristic daily biological rhythm,
with worsening in the morning, although an inverted rhythm with worsening in
the evening is also possible. Sleep rhythm is altered in depressed people, with the
already underlined early waking and typical electroencephalographic alterations
(Hawkins and Mendels, 1966): reduced REM latency, augmented intensity REM
sleep, REM prevalence in the early hours of the night and global reduction of sleep
phases 3 and 4. Other circadian rhythms are altered, with a trend towards phase
advancement, i.e. cortisol secretion (Carpenter and Bunney, 1971; Sachar et al.,
1973) and bodily temperature patterns (Pflug et al., 1981; Faravelli et al., 1985). In
addition to daily and circadian rhythms, rhythm alterations with longer periodicity
can also be found, with recurrences in autumn or spring; when a clear seasonality is
not recognizable, periodicity can usually still be found, being a characteristic and
stable temporal pattern of recurrence.

According toDSM-IV, different kinds of depression canbe distinguished: depres-
sive episode with catatonic symptoms, with melancholic symptoms, with atypical
symptoms, or with psychotic features (within the specifiers of severity).

Catatonic symptoms are peculiar alterations of voluntary movements that
appear mood-incongruent: marked decrease in reactivity to the environment and/
or reduction in spontaneous movements and activity (catatonic stupor or catalepsy,
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including waxy flexibility); excited motor activity, apparently purposeless and not
influenced by external stimuli (catatonic excitement); apparently motiveless resis-
tance to all instructions or attempts to be moved (catatonic negativism) or mutism;
voluntary assumption of inappropriate or bizarre postures, stereotypies, manner-
isms; echolalia or echopraxia. Catatonic depression is a very severe picture, with
possible physical complications due to malnutrition, dehydration or self-inflicted
injuries.

Melancholic symptoms (biological symptoms in ICD-10) correspondto the endo-
genous symptoms of the psychopathological tradition. These seem to be the most
specific symptoms of depression.The European psychopathological tradition indi-
cates melancholy as the psychopathological nucleus of depression. It includes
somatic symptoms and signs (worsening in the morning, early morning awakening,
significant anorexia or weight loss), marked psychomotor retardation or agitation,
guilty feelings and specific features of themood (loss of interest or pleasure in all, or
almost all, activities; lack of reactivity to usually pleasurable stimuli; peculiar char-
acteristic of the depressed mood, qualitatively different from normal sadness).

With regard to melancholic vulnerability, Tellenbach defined the ‘typus pre-
melancolicus’ and described the pathogenesis of its melancholic evolution. The
main characteristics of the typus pre-melancolicus are the ‘orderliness’, which is a
stressed version of order (rules in relationships with people and things), and the
‘conscientiousness’, which is the consideration of the consciousness as a means of
avoiding any fault.The melancholic transformation of the typus is linked to certain
situations, characterized by the constellations of ‘includence’ and ‘remanence’.
‘Includence’means to be contained or to close oneself within limits that the subject
cannot overcome because of the regular actuation of its order ways.‘Remanence’
means to remain back, which can slow the course of existence, until arrest. After
Tellenbach (1960), other authors were interested in the characteristics of the typus.
Kimura Bin (1992) defined the typus as a post-festum personality, i.e. oriented to
the past. Kraus defined the typus as a hypernormic and etheronomic personality,
which is a personality based much on external rules with a prevalence of the ‘objec-
tive I’over the ‘subjective I’.

Atypical symptoms are the opposite of melancholic ones: mood reactivity (i.e.
mood brightens in response to actual or potential positive events) and inverse
neurovegetative symptoms (significant weight gain or increase in appetite, hyper-
somnia). DSM-IValso reports leaden paralysis (i.e. heavy feelings in arms or legs)
and a long-standing pattern of interpersonal sensitivity (not limited to episodes of
mood disturbances).

Psychotic features considered by DSM-IVare delusions and hallucinations that
might be mood-congruent or mood-incongruent, as already said.

Clinical and psychopathological traditions describe many other forms of depres-
sion: agitated depression, with predominant psychomotor agitation; anxious
depression, with predominant psychic anxiety symptoms; hypochondriac depres-
sion, with predominant somatic complaints (defined also as ‘masked depression’,
with symptoms of other psychopathological areas more evident than classical
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ones); amentia depression, with psychomotor arrest, confusion andmedical compli-
cations; and Cotard’s syndrome, with nihilistic delusions.

Depressive episodes usually start with unspecific prodromal symptoms and signs,
such as anxiety, irritability, emotional lability, asthenia, impaired concentration,
reduction in interests, anorexia or sleep disturbances. In this phase, a social or
working impairment is not yet present.With the progression of the disease, other
symptoms appear, becoming more severe, with a marked impairment in social and
working activities. The state period of an untreated depressive episode lasts
about 6^12 months, but longer periods have been frequently reported. Recovery
from a depressive episode is usually gradual, and the persistence of residual symp-
toms is not infrequent. Often, residual symptoms are similar to prodromal ones (the
rollback phenomenon; Detre and Jarecki, 1971; Fava, 1999) and in a minority of
cases, depressive episodes have a chronic course (20%, according to Keller et al.,
1984). Familial mood disorder, dysthymic temperament, early onset and high
number of previous episodes are the better predictive factors of long-term poor
outcome.

HISTORY

The existence of depression has been recognized since the origin of our culture.
Hippocrates (fourth century BC)was the first to reject ethical-religious explanations
of depression, considering the brain as the place of affectivity and other psychic
manifestations. He thought that different combinations of the four humours that
compose the human body (yellow bile, black bile, blood and phlegm) determine
the different temperaments (choleric, melancholic, sanguine and phlegmatic),
possibly leading to mental disease. According to his theory, melancholiawas due to
the prevalence of black bile. In the following century, Aristotle (third century BC)
also defined melancholic temperament as a predisposing factor of depression.

Aretaeus from Cappadocia (first century BC) was the first to observe that depres-
sion and its opposite manifestation (mania) might be two aspects of the same
disease.

In the Middle Ages, after the influence of Arabian culture (in particular,
Avicenna), psychiatric diseases were seen as related to magical or religious causes.
This view persisted for centuries until Vesalius (sixteenth century AD) once again
defined depression as an organic illness.

In the seventeenth century, naturalistic observations found that the melancholic
temperament predisposed one to depression, and that mood might change from
depression to mania.

A major interest in illness classification was developed in the eighteenth century
when many authors, emphasizing the characteristics of clinical course, such as
recurrence with alternate cycles of mania, distinguished many clinical features on
the basis of symptoms. Following this period, the relationship between depression
and mania was studied. Failret, in 1854, described the ‘folie circulaire’, Baillarger
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in 1854, described the ‘folie a' double forme’ and Kraepelin (1896) distinguished
manic-depressive psychosis from ‘dementia praecox’, both within the category of
the psychoses. Kraepelin’s classification was based on a longitudinal criterion and,
according to him, the cases with recurrent depression without mania had to be
included in the same category as those presenting with both depression and mania.
Not only were the depressive episodes perfectly alike, but course, onset, outcome,
premorbid and personality characteristics were in fact the same.

After Kraepelin, for about half a century, there was little doubt that manic-
depressive illness was a severe disease and that recurrent depression with no mania
should be considered as an incomplete presentation of the same disorder that was
bipolar in its typical course. To evaluate such a position the reader has to keep in
mind the reality of psychiatry during the first half of the twentieth century. Psychia-
tric institutionswere almost exclusively themental hospitals and the kind of patients
that could be observed were only of the most severe types. On the other hand, the
possibility to treat depression effectively was almost none.

AfterWorldWar II the situation of psychiatry changed dramatically. Efficacious
treatments become available, namely ECT (discovered before the war but exten-
sively used after 1950) and antidepressants. The number of admissions to
psychiatric hospitals decreased; in themeantime the outpatient practice of psychia-
trists increased tremendously. The field of observation of psychiatry underwent a
major change: the relative number of severe, psychotic, melancholic depressed
patients that had formed the typical samples diminished, whereas an ever-
increasing number of non-psychotic, non-endogenous, non-bipolar affective cases
made up the mainbulk of the cases referred to the psychiatrists. Since1960 psychia-
tric samples have come to be characterized by a majority of mild depressive states
without severe/endogenous/psychotic features. This change in the composition of
psychiatric samples led to the reconsideration of the formerly accepted nosographic
concepts.

Basically, (a) the uniqueness of bipolar and unipolar cases was rejected and (b)
the status of depressionwas disputed.

Leonhard (1957) divided the manic-depressive psychoses into monopolar (only
depression or only mania) and bipolar forms (alternating bouts of depression
and mania). Angst (1966) and Perris (1966a, 1966b) emphasized that the
distinction between unipolar and bipolar disorders is supported by specific char-
acteristics of clinical course and family history, confirming Leonhard’s
observation. At first, the unipolar/bipolar distinction was used to refer to only
manic-depressive psychosis; afterwards ‘unipolar’ was used to define patients
with depressive symptoms but without a history of manic episodes, becoming a
heterogeneous category and confounding the boundaries between primary and
secondary affective forms.

In addition to the unipolar/bipolar dichotomy, other problems arose in the classi-
fication of depression. As said above, before the 1960s, psychiatrists were
considering depression as an illness because they were used to observing only the
most severe cases. With the development of new theories (psychoanalytical and
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psychosocial) andwith the introduction of newdrugs, psychiatrists began observing
evenmild forms of the syndrome.Thus, between themid-1960s and themid-1970s a
new debate on the nosography of depression was roused, based on the unitary and
binary hypotheses. These hypotheses attempted to solve some dichotomies in the
classification of depression:

. Endogenous versus reactive

It is not easy to define the exact meaning of the term ‘endogenous’. Tellenbach
used this term to indicate expression of disease greatly based on physical factors.
According to Weitbrecht, the use of the term ‘endogenous’ as an equivalent of
‘somatogenous’, meaning ‘with a physical cause’, is incorrect, and the opposing
‘endogenous/exogenous’ (the latter meaning ‘with an environmental cause’) is
an over-simplification. Weitbrecht’s interpretation of the causative aspects is
negative, using ‘endogenous’ to mean not completely physical nor completely
psychological, but cryptogenic, essential, unknown. The dichotomy endo-
genous/reactive refers to an aetiopathogenetic point of view. In endogenous
depression, it is not possible to identify external physical or psychological factors
implicated in the development of the disease; an internal unknown biological
cause is implied. On the contrary, the onset of ‘reactive depression’ is linked to
an event of great emotional impact. More logically, the opposite of endogenous
would be the less used exogenous, including psychogenic forms, caused by
psychological factors, and somatogenic forms, caused by physical factors.

. Psychotic versus neurotic

Psychotic depression is characterized by gross impairment in reality testing,
absence of insight, delusions, hallucinations and loosening of associative links.
The expression ‘neurotic depression’ may mean both depression without severe
(psychotic) symptoms and depression with some specific symptoms (mood reac-
tivity, irritability, anxiety and long-term course). The dichotomy psychotic/
neurotic was originally based on clinical features. Indeed, the term ‘neurotic’
was initially usedwith a descriptivemeaning, but then it assumedanaetiopatho-
genetic meaning overlapping with the meaning of ‘psychogenic’. American
authors used ‘psychotic depression’ to refer to symptoms, and‘reactive’and‘endo-
genous depression’ to emphasize the presence or absence of an external causing
factor. According to European authors,‘psychotic’ and ‘endogenous’ depression
were instead the same, as well as ‘neurotic’and ‘reactive’depression.

If one acknowledges the existence of two types of depression, the problem of the
relationship between the two forms is raised.The unitary hypothesis, presented by
Kendell, contrasted the binary hypothesis, contended by Roth. According to Roth
and the Newcastle school, there are points of rarity among affective disorders
between depression and anxiety (Roth et al., 1972), and in depression between the
endogenous form and the reactive one. The authors, therefore, proposed a model
based on a categorical approach where depression is divided into two different and
separate entities, ‘endogenous’ and ‘reactive’ (Kiloh and Garside, 1963; Carney et
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al., 1965; Garside et al., 1971, 1978; Roth et al., 1979). On the contrary, according to
Kendell, depression cannot be divided into categories, being rather better described
by a dimensional model; the simplest model has only one dimension, with endo-
genous depression at one side of the continuum and reactive depression at the other
side (Kendell, 1969a, 1969b; Kendell and Gourlay, 1970; Kendell, 1970, 1972, 1976;
Kendell et al., 1968).The debate on the unitary/binary classification of depression
characterized the psychiatric literature of the times.

In1972, the St. Louis group proposed the Feighner criteria (Feighner et al.,1972),
in order to reduce the heterogeneity of depression and improve diagnostic reliability
in research.Theydistinguishedaffective disorders into categories labelled ‘primary’
and ‘secondary’.The secondary forms were defined as chronologically preceded by
other mental diseases, or concomitant with physical diseases or pharmacological
treatments. Although it was very restrictive, this description was homogeneous
enough. It was the first ‘atheoretic’ description, based on an empirical-descriptive
approach and using operational criteria. The authors opted for the criterion of
severity, defined as a minimum number of symptoms and of chronology to define
primary depression.

In 1975, a widening of the criteriawas performed, leading in 1978 to the publica-
tion of the Research Diagnostic Criteria (RDC, Spitzer et al., 1978). The RDC
changed the term ‘primary depression’ into ‘major depression’ (in opposition to
‘minor depression’) and abandoned the criterion of chronology.

This apparently small change actually implied an extremely important turning
point: (a) the debate between qualitative and quantitative in the classification of
depression was resolved, accepting the quantitative approach; (b) the criterion of
severity was evaluated by counting the number of symptoms.

As theRDCwere thebasis forDSM-III, the choice of a quantitativemodel, based
on the number of symptoms, became essential in defining both diagnosis and
severity of depression.

THE CURRENTCLASSIFICATIONS

The Diagnostic and Statistical Manual of Mental Disorders (third edition) (DSM-III;
APA, 1980) substantially referred to the RDC. The two following editions of the
DSM (DSM III-R; APA,1987; and DSM-IV; APA,1994) made few modifications.
The RDC were also the reference point for the International Classification of Diseases

(10th edition) (ICD-10,World Health Organization, 1992). DSM-III brought some
important changes to the classification of psychiatric disorders. It introduced diag-
nostic criteria and a multi-axial system of psychiatric pathology evaluation; it
rejected the term ‘neurosis’, restricted the diagnosis of schizophrenia and enlarged
the diagnosis of mood disorders. In the DSM-III-R and DSM-IV there were no
substantial changes, apart from the increasing number of diagnostic categories and
the definitive overcoming of the hierarchical principle (introduced by Jaspers and
for a long time considered valid), by promoting multiple diagnoses (comorbidity).
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DSM-IVclassifies depressive disorders in the mood disorders, making a distinc-
tionbetween major depressive disorder, dysthymic disorder and depressive disorder
not otherwise specified. Appendix B lists other depressive disorders that are not
defined by diagnostic criteria but instead by research criteria: premenstrual
dysphoric disorder, minor depressive disorder, recurrent brief depressive disorder
and mixed anxiety^depressive disorder. The depressive episode can be character-
ized by some specifiers: mild, moderate, severe without psychotic symptoms,
severe with psychotic symptoms, in partial remission, in full remission, chronic,
with catatonic symptoms, with melancholic symptoms, with atypical symptoms,
with post-partum onset.

Chapter V, section F of the ICD-10 is dedicated to the affective syndromes and
classifies depressive syndromes as recurrent or persistent syndromes (dysthymia).
According to ICD-10, a depressive episode might be mild (with or without
biological symptoms), moderate (with or without biological symptoms) or severe
(with or without psychotic symptoms).The ICD-10 specifies that ‘biological’ symp-
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TABLE 3.1 Comparison between ‘biological symptoms’of ICD-10 and DSM-IVcriteria for
‘melancholic features’

ICD-10 Biological symptoms

(1) loss of interest or pleasure in the activities that normally are a source of pleasure;
(2) lack of emotional reactivity to normally pleasant circumstances and events;
(3) waking early in the morning, two or more hours earlier than usual;
(4) worsening of symptoms in the morning;
(5) objective evidence of clear psychomotor retardation or agitation (observedor reportedby

other people);
(6) marked loss of appetite;
(7) loss of weight (often defined as a reduction of 5% or more of body weight in the last

month);
(8) marked reduction in libido.

DSM-IVCriteria for melancholic features

(A) One of the following symptoms is present during the period of greatest severity of the
current episode:
(1) lack of interest in all or nearly all activities;
(2) lack of reactivity to normally pleasant stimuli (subject does not feel better, not even

temporarily, when something of good happens).
(B) Three (or more) of the following symptoms are present during the period of greatest

severity of the current episode.
(1) a particular quality of depressed mood (for example, patient perceives the depressed

mood in a very different way compared to the sadness felt after the death of a loved
one);

(2) worsening of symptoms in the morning;
(3) waking early in the morning (at least two hours earlier than usual);
(4) marked motor retardation or agitation;
(5) significant anorexia or weight loss;
(6) excessive or inadequate feelings of guilt.



toms are also called ‘melancholic’, ‘vital’ or ‘endogenomorphic’. Even if each
symptom has an important clinical meaning, the clinical validity of the derived
syndrome is not clear.The biological symptoms of ICD-10 are shown inTable 3.1.

In order to define a biological syndrome, at least four of these symptoms must be
present.Thebiological symptoms of the ICD-10 are similar to those described in the
DSM-IV, defining the depressive episode ‘with melancholic symptoms’ (Table 3.1)

In spite of the wide overlap of symptoms defining the biological syndrome in the
ICD-10 and depression with melancholic characteristics in the DSM-IV, these two
disorders are conceptually different: the DSM-IVclassification is a categorical one,
whereas the ICD-10 classification is a mixed one (both categorical and dimen-
sional). In fact, according to the DSM-IV, the characterization ‘with melancholic
symptoms’ is possible only within the diagnostic category ‘major depressive episode’,
which means at least five symptoms.To the contrary, according to the ICD-10, it is
possible to define as biological both the mild depressive episode, indicated by the
presence of at least four symptoms out of ten, and the moderate depressive episode,
indicated by the presence of at least five symptoms out of ten. In the severe depres-
sive episode, characterized by the presence of at least seven out of ten symptoms,
ICD-10 distinguishes between subtypes ‘without psychotic symptoms’ and ‘with
psychotic symptoms’, assuming that thebiological syndromemust alwaysbe present
in a severe depressive episode.

Problems with the Current Classifications of Depression

(a)Number of Symptoms versusType of Symptoms

As seen before, DSM-IV considers depression as a syndrome. Basically, major
depressive episode is characterized by a minimum of five symptoms for two weeks,
whereas dysthymic disorder has fewer than five symptoms, but with a longer dura-
tion.

In order to have a diagnosis of major depressive episode, the symptom depression
or the symptom loss of interest or pleasure plus any four symptoms from the list are
necessary and sufficient (once the exclusion and duration criteria are satisfied). As
the symptoms listed in DSM-IV for major depressive episode are decidedly hetero-
geneous, subjects with very different patterns of symptoms may be included in the
same category (Table 3.2).

The cases described by the two patterns of symptoms are obviously clinically
different and do not seem to share any other characteristics apart from the inclusion
criteria for the same category. With this classification system, we risk producing
something similar to ‘the category of objects with four legs, including tables, dogs
and fourth degree equations’ (RobertMusil,TheManwithoutQualities).This concept
introduces the following: if a certain number of the listed symptoms is necessary and
sufficient for diagnosing of major depression, all the symptoms hold the sameweight
in defining diagnosis and severity.
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Faravelli et al. (1996) tried to verify this hypothesis.Theyevaluated: (i) whether a
greater number of symptoms reflects increasing severity; (ii) whether all the symp-
toms have comparable weight in establishing the gradient of severity. If a greater
number of symptoms reflected an increasing severity, the number of symptoms
wouldbe positively associatedwith other indicators of severity and the total number
of symptoms would be correlated with other indicators of severity more than any
single symptom. The external indicators of severity considered in this study were
the Global Assessment of Functioning (GAF) scale (Endicott et al., 1976) and the
Clinical Global Impression (CGI; APA,1994).The GAFand CGI scores correlated
with the number of symptoms, but the correlation rates were much higher with
some specific symptoms. Moreover, in several stepwise regression analyses, severity
was explained by a few specific symptoms, whereas the number of symptoms had
marginal, nonsignificant weight.These symptoms were depressed mood, delusion,
socialwithdrawal, psychic retardation and somatic retardation. In addition, melan-
cholic depression differed from non-melancholic depression and psychotic
depression differed from non-psychotic depression, even after correcting for the
different number of symptoms.This study shows that certain depressive symptoms
have greater weight in establishing the gradient of depression severity. Having these
symptoms also increases the risk of having many other symptoms; this implies that
certain symptoms alone are more specifically associated with the severity and
pervasiveness of the disorder. The symptoms associated with a greater severity of
the syndrome are generally considered a part of the melancholic (or somatic, or
endogenous) pattern.Thus, according to the results of this study, ignoring the quali-
tative approach does not seem to be correct.
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TABLE 3.2 Example of two subjects with very different patterns of symptoms included in the
same category (depression) according to DSM-IVcriteria

Depressed mood
Diminished interest or please
Weight loss/gain
Insomnia/hypersomnia
Psychomotor agitation/retardation
Fatigue, loss of energy
Worthlessness, inappropriate guilt

Case1
Anhedonia
Psychomotor retardation
Inappropriate guilt
Weight loss
Early waking

Case 2
Depressed mood
Difficulty in falling asleep
Fatigue
Diminished concentration
Weight gain



(b)Unipolar versus Bipolar

In the present classifications the first step is that of distinguishing the bipolar disor-
ders from the unipolar ones.This decision is clearly impossible to achieve andcauses
bipolars to be classified as unipolars in most cases.

(a) Depression precedes mania/hypomania in about 50% of the cases and the first
episode of mania may occur even late in life. As a consequence, up to 30% of
unipolars become bipolars during follow-up (Akiskal,1995).

(b) The diagnosis of mania/hypomania is ruled out if the patient manifests these
symptoms during treatment with antidepressants. Since almost all the cases
with depression are treated with antidepressants, one of the typical patterns of
bipolarity, i.e. that where the episode starts with depression and naturally shifts
into mania later (the so-called DM pattern) is by definition prevented from
receiving the correct label.

(c) There is consistent evidence that the phenomenon of mania may be graduated
according to a gradient of severity, ranging from themost severe forms of delir-
ious mania to the mildest forms, where bipolarity presents with hyperthymic
temperament. All the studies on the bipolar spectrum seem to reach the conclu-
sion that bipolarity may exist even in absence of manifest mania. This is in
striking accordance with Kraepelin’s original concept of manic-depressive
illness.

Klerman (1981) identified the ‘mania spectrum’ in the early 1980s, including
normal elation, neurotic elation, hypomania, mania and delirious mania. The
presence, in the past, of a diagnosis from the mania spectrum (excluding normal
elation) led to the concept of the ‘bipolar disorder’. Among the subtypes of bipo-
larism, Klerman also included depressed subjects with a familial history of bipolar
disorders. His work influenced the definition of the bipolar spectrum concept.

Later, Akiskal (1983) formulated the concept of the bipolar spectrum, placing
different forms of recurrent depression, including type I bipolar, atypical bipolar,
cyclothymic, dysthymic and other types with intermediate pictures. This concept
of spectrum includes heterogeneous clinical pictures with a partially superimposed
symptomatology, supposing that they are different expressions of a basic pathology,
‘the bipolar disorder’.

(c) Sub-threshold Depression

Operational criteria require in order to qualify for a diagnosis: (a) certain symp-
toms, (b) in a given minimum number, (c) for a given period of time.
Consequently, subjects with (a) a nontypical symptom pattern, (b) with an insuffi-
cient number of symptoms, (c) with a duration shorter than required cannot receive
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the diagnosis.This implies the existence of subthreshold disorders, where there are
three different possibilities of being subthreshold (Table 3.3).

For major depression, let us imagine a patient presenting with depressed mood,
delusion of guilt, psychomotor agitation, worse in the morning and lack of sexual
desire. Since neither diurnal variation nor sexual desire are listed among the symp-
toms for major depressive episode diagnosis in DSM-IV, this patient does not meet
criterion A and cannot be given a diagnosis of major depressive episode.

Another frequent possibility is that of a patient who satisfies the criteria, but the
length of the episode is lesser than the required two weeks.

Subthreshold depression has been extensively studied. In particular, Angst
proposed the diagnosis of recurrent brief depression (Angst et al., 1984, 1990).
Recurrent brief depression shows the same number of the same symptoms as major
depression, but with a duration of less than two weeks; the recurrence is defined by
the occurrence 12 times over one year at least. Recurrent brief depression causes
impairment anddistress equivalent tomajor depression, is associatedwith consider-
able suicidality and treatment-seekingand is often comorbidwith anxiety disorders.
It may develop intomajor depression and vice versa in about the same percentage of
cases (12% vs 15% in a seven-year follow-up made during the Zurich study).
Patients with combined major and recurrent brief depression are more severely
affected, have a higher suicide attempt rate and an increased frequency of
treatment-seeking than patients with only one condition.

Appendix B of DSM-IV (dealing with research instead of diagnostic criteria)
discusses the ‘minor depressive disorder’ and the ‘recurrent brief depressive
disorder’: the first one differs from ‘major depression’ in the number of symptoms
(less than five but at least two, at least one should be depressed mood or anhedonia)
and the second one differs from ‘major depression’ in its duration (less than two
weeks but at least two days), with the additional criterion of recurrence (at least
once a month for 12 months, with no relationship in women to the menstrual
cycle). Other subtypes of depressive disorders, not yet recognized by DSM-IV, are
identified on the basis of the subthreshold concept: i.e.‘subsyndromal symptomatic
depression’, defined as a depressive state having two or more symptoms of major
depressive episodes, excluding depressed mood and anhedonia; the symptoms
must be present for more than two weeks and be associated with social impairment
(Sadek and Bona, 2000). Some studies refer to ‘depressive symptoms’, that are not
recognizable in any of these disorders, but are considered clinically meaningful.
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TABLE 3.3 Possible definitions of subthreshold disorders

Subthreshold

1. Symptom(s) below the level of definite (very mild or fluctuating).
2. Fewer symptoms than required.
3. Duration shorter than required.



It has been found that the subthreshold forms of depression may be at least as
disruptive, in terms of quality of life, suicide, mortality, as the full-blown forms.

DIFFERENT PERSPECTIVES IN THECLASSIFICATIONOF
DEPRESSION

Spectrum

The concept of the‘spectrum’ is similar tobut conceptually different from that of the
‘subthreshold’. In this case, the nearness to the central nucleus of the disorder is
viewed as qualitative rather than quantitative (subthreshold is ‘a bit less’ than the
typical disorder, while spectrum is ‘similar’ to the typical disorder).

The term ‘spectrum’ is at present used in psychopathology with various mean-
ings, but it generally indicates a group of manifestations having something in
common. We can essentially distinguish two principal meanings, spectrum as a
combination of disorders and spectrum as a combination of symptoms and signs
correlated to a disorder. In discussing depression the term‘spectrum’ is also used to
indicate a variety of meanings.

One way of using the expression ‘depressive spectrum’ was derived from the
attempt of Winokur et al. (1975) to separate homogeneous forms from the heteroge-
neous picture of unipolar depression. This author distinguished, between familiar
depression, sporadic depression and other heterogeneous forms, collected under the
‘depressive spectrum’ heading. These forms shared special personality traits. This
concept of spectrum largely superimposed the concepts of neurotic and secondary
depression.

Akiskal et al. (1980) similarly identified, among the‘characterial depressions’, the
‘character spectrum disorders’, a heterogeneous group of personality disorders with
secondary and inconstant dysphoria that is seen more frequently among women, is
often complicated by alcohol and other substance use, and responds poorly to
therapy.

Alarcon et al. (1987) attempted to better define the concept of ‘affective spec-
trum’. The characteristics of spectrum are not only the heterogeneity and the
presence of similar phenomena, but there are also some similarities at other levels,
such as borderline or related to borderline personality, a tendency to be chronic, the
possibility that depressive symptoms are influenced by environmental stimuli,
familial predisposition, poor response to therapies. This concept of spectrum also
provides a heterogeneous picture, in which there are some similar phenomena
(linking partially superimposed clinical pictures) strongly linked to personality
(often it is difficult to distinguish whether the phenomena observed are symptoms
of illness or personality traits).The other characteristics mentioned above confirm
the validity of the grouping, but they cannot be considered criteria for defining the
spectrum.
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These three concepts of the depressive spectrum were largely overlapping: they
were based on the presence of similar phenomena and common characteristics of
personality. Nevertheless, these personality characteristics have never been well
defined and the clinical spectrum of depression has been delimited not because of
unique personality characteristics, but as a concept that compiles the clinical enti-
ties that are not included in muchbetter defined diagnostic categories of depression.

Hudson and Pope (1990) proposed another interpretation of the ‘affective spec-
trum’. These authors grouped together many heterogeneous disorders, all
responsive to SSRI therapy: major depression, bulimia nervosa, panic disorder,
obsessive-compulsive disorder, attention deficit disorder with hyperactivity, cata-
plexy, migraine and irritable bowel syndrome. According to these authors, these
different clinical forms share common pathogenetic pathways, which is the reason
for their common response to the SSRI.

According toAngst et al. (1984, 1991, 1997a, 1997b), there is a continuum between
normal andpathological depressedmood. He used the term‘depressive spectrum’to
define a group of depressive disorders including major depression and dysthymia
and syndromes that actually do not satisfy specific diagnostic criteria, but usually
improve with antidepressant treatment and have a similar longitudinal course to
depression. In fact, the different subtypes of depression above or under ‘threshold’
(major depressive disorder, dysthymia, brief recurrent depression, minor depres-
sion) have poor longitudinal stability. This suggests that depression is better
defined by a continuous spectrum rather than as a group of discrete subtypes.

Some authors (Akiskal et al., 1989; Cassano et al., 1989) define the spectrum as
including nuclear and subthreshold symptoms of the disorder, atypical symptoms,
isolated symptoms and signs, temperamental and personality traits. Within the
framework of this definition in regard to the mood spectrum, they classified a series
of manifestations related to mood disorders as defined by the current diagnostic
manuals: precursors, prodromes, typical forms, residual symptoms, subthreshold
episodes, post-episodic modifications of character, post-episodic maladjustment,
early onset persistent subthreshold symptoms, atypical forms and subthreshold
unipolar or bipolar comorbidity.

Temperament/Premorbid Personality/Structure

The concepts of temperament/premorbid personality/structure are included in
some concepts of spectrum and in the concept of subthreshold.

Temperament plays an important role in all of the European psychopathological
tradition. Psychopathologists defined four major affective temperaments:
cyclothymic, hyperthymic, depressive and irritable.The European psychopatholo-
gical tradition looked with great emphasis at affective temperaments linked to
mood, but there are also some models that do not specifically consider the relation-
ship between temperament and mood (e.g. Cloninger’s theory; Cloninger et al.,
1993). The current classification systems do not take the concept of temperament
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into account. DSM-IVconsiders dysthymia and cyclothymia only when they reach
the threshold to define a full axis I disorder, i.e. when they provoke a clinically
meaningful subjective suffering or psychosocial impairment. There are different
hypotheses regarding the relationship between affective temperaments and mood
disorders: viewing temperament as an attenuated form of the illness, as a predis-
posing factor, as prodromes or sequelae, or as a factor with pathoplastic action.

Personality and character are two concepts similar to the notion of temperament.
Personality is a pervasive pattern usedby a subject in order to relate to, perceive and
reflect on his environment and himself. Personality traits are prominent aspects of
personality and do not imply a pathology. Personality disorders are pervasive and
maladaptive patterns causing significant impairment in adaptive functioning or
subjective distress. Personality includes temperament, which is the most biological
aspect (innate, genetically determined) and character, which represents tempera-
ment coping with the environment. The premorbid personality, that represents
personality characteristics before the onset of the disorder, tries to delineate
temperamental traits of the subject. Studying the subthreshold of the various
spectra tends to bring us back to the old concept of the premorbid personality.

By the term ‘structure’, we are referring to the structure of personality, which is
similar to the basic nucleus of the individual, from which psychopathological traits
may develop.

The description of temperamental/personality features has been one of the
fundamental aspects in reporting the clinical picture of psychiatric disorders for
over a century, and the base for developing some of the basic theories of mental
illnesses (e.g. Kretschmer,1936; Freud,1917).

Paying greater attention to temperamental aspects and personality would prob-
ably improve the classification of mood and other psychiatric disorders.

‘Functionalization’ of Psychiatric Diagnoses

According to Van Praag (1997), psychiatric disorders are the resultants of the
various combinations of psychological dysfunctions (‘functionalization’of psychia-
tric diagnoses); each psychological dysfunction may be present in several disorders
(see Chapter17 byVan Praag).

Psychological dysfunctions are measurable, many of them quantitatively, by
biological markers.

This trans-nosographical approach led to the only reliable finding of biological
psychiatry, that is the reduction of the 5-hydroxyindolacetic acid in the liquor of
patients with impulse discontrol (Van Praag 1982, 1986, 1995; Van Praag et al.,
1986). According to Van Praag, serotoninergic functioning is disturbed in a
subgroup of depression in which anxiety and/or aggressiveness are the primary
psychopathological features (Van Praag,1992a,b,1996).

Following this approach, when a biological marker is identified, we could study
all the subjects with this marker, independently of the diagnosis, to see whether they
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have other common characteristics. For instance, the dexamethasone suppression
test (DST) is positive in 40^60% of depressed patients (Carrol, 1982, 1984), 50%
in patients with eating disorder, 30% in anxious patients and 10% in normal
subjects (APA, 1987). Studying all the subjects who are non-suppressors to DST
could hypothetically identify a homogeneous category (e.g. the category of stress-
related disorders).

Different Organizational Models

In the current psychiatric classifications all the disorders are placed on the same
level, say horizontally. However, in general medicine co-occurrent syndromes are
usually placedaccording to apyramidal shape (Fig 3.2): there is a general syndrome
(e.g. fever, asthenia), an organ syndrome (e.g. cough and pulmonary obtusity stand
for a respiratory syndrome) and specific symptoms (i.e. meanTBC).This concept is
absent in psychiatry.

In our opinion, it could be worth exploring the possibility that even in psychiatry
the simple transversal,‘either^or’,‘separate box’model is improbable. For instance,
in depression the symptoms could be distinguished into different levels:

. general symptoms: stress-related, unspecific, present in most psychiatric disor-
ders, comparable to a general medical syndrome;
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Figure 3.2.



. some more specific (pathognomonic) symptoms and signs, comparable to a
specific medical disease.

CONCLUSION

In this chapter, a series of criticisms of current classifications, and particularly of
DSM-IV, have been raised. Actually, these criticisms involve the way DSM-IV is
commonly used, rather than the body of the manual.

One of the most common mistakes is treating DSM-IV disorders as if they were
illnesses (van Praag’s ‘premature nosologization’).

The second mistake is confounding diagnostic criteria with the clinical descrip-
tion of a given disorder. The clinical picture is much more articulated and largely
exceeds the simple list of criteria. DSM-IV is a multiaxial classification: using, in
practice, only axis one consistently reduces the power of the instrument. Moreover,
with regard to the use of axis one, codifying by the fifth digit and eventually char-
acterizing by other specifiers of the clinical picture and of the clinical course is
required and would ameliorate the quality of the diagnosis (e.g. reporting of
‘major depressive disorder, severe with psychotic features’ ^ 296.23 ^ implies
much more information than the simple ‘major depressive disorder, single
episode’ ^ 296.2. Another way to better describe a disorder is to take into account
comorbid conditions. DSM-III was a hierarchical system, but DSM-III-R allowed
comorbidity, and DSM-IV requires noting and reporting multiple diagnoses: a
patient with major depressive episode comorbid with panic disorder is likely to be
different from a case comorbid with, say, obsessive-compulsive disorder.

We believe that the proper and complete use of DSM-IV, would greatly improve
our clinical and research practice.
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Bipolar Disorder

LeonardoTondo
University of Cagliari, Cagliari, Italy

INTRODUCTION

Bipolar disorder (BPD), the current definition of the more classical manic-depres-
sive illness, is an episodic disease marked by oscillations in mood of variable
intensity from depression (melancholia) to hypomania or mania.Thinking, energy,
and behaviour can also change in a way that affects the individual’s occupational,
social and interpersonal relationships (Goodwin and Jamison, 1990; Sadock and
Sadock, 2000).

HISTORY

Mania and melancholia were sufficiently well defined by the Hippocratic school
(ca. 400 BC), but Aretaeus of Cappadocia (AD150) first described the occurrence of
mania andmelancholia in the same person (Adams,1856). Further developments of
the syndrome reappeared inWestern medical literature in the second half of the
nineteenth century with the descriptions of folie circulaire or folie a double formeby Bail-
larger and Falret. Kraepelin (1921) is credited for the most systematic,
comprehensive and influential description of manic-depressive insanity (Baldes-
sarini, 2000).

Kleist and Leonhard (Angst and Marneros, 2001) in the 1950s further clas-
sified the syndrome in bipolar (manic and depressive) and unipolar (depressive)
forms of recurrent major mood disorders. Some twenty years later, Dunner and
Fieve (1974) recognized the necessity of subdividing BPD into types I and II, in
order to distinguish the syndromes according to the presence of mania vs.
hypomania, respectively, in association with depressive episodes. In the same
period, Akiskal et al. (1977) proposed the notion of bipolar spectrum disorder,
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ranging from minor cyclothymic syndromes to severe psychotic bipolar forms
(Akiskal et al., 2000). Since Kraepelin, BPD has been known as a relatively
benign illness but more recent reports show a rate of chronicity varying from
10% to 20% (Angst, 1995; Angst and Sellaro, 2000).

EPIDEMIOLOGY

The lifetime prevalence of BPD has been estimated at 1.6% (for mania), but
may increase to 2^5% if bipolar II and cyclothymic cases are included
(Angst, 1995), representing about 30% of all major mood disorders. The inci-
dence per year of bipolar I disorder is at least 0.05%. Women tend to be
affected more than men with a ratio of 1.4:1, which is inferior to that found
in nonbipolar major depressive disorder. The median age-at-onset is about 20
years (Goodwin and Jamison, 1990; APA, 2000). It has been suggested that all
major mood disorders are more common in recent years compared to the past
(Klerman, 1976). It is still debated, however, whether this increase is due to a
better recognition of the illness or whether it is associated with the impact of
substance abuse and other environmental aspects. Predisposing factors to the
development of BPD are cyclothymic and hyperthymic temperaments, as well
as childhood attention deficit hyperactivity disorder.

GENETICS

The involvement of genetic factors in the transmission of BPD has been demon-
strated in twin, adoption, and family studies (Tsuang and Faraone, 1990). The
risk of depression, psychosis or suicide in first-degree relatives and fraternal
twins of index cases of BPD is 5^10%, but it is about 40^70% in identical
twins with a risk ratio for monozygotic:dizygotic of about 8:1 (Craddock and
Jones, 1999). A study reported that 61% of first-degree family members of BPD
patients had some type of mood disorder, and about 30% had a type of
bipolar disorder (Tondo et al., 1998a). Reports from rare adoption studies
show more affective illness and suicides among biological relatives than in the
adopting family (Mitchell et al., 1993). Despite this epidemiological evidence,
neither a specific mode of inheritance, nor a discrete genetic marker to BPD
has yet been identified, more likely than not because the inheritance is asso-
ciated with the interaction of more than one gene and of environmental
factors. With the development of the human genome project it will be possible
to identify the genes predisposing to BPD and the brain proteins coded for it.
This will hopefully allow for the development of improved therapeutic and
preventive strategies.
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BIOLOGY

Other biological findings also are far from definitive (Nemeroff,1999).The findings
from structural and functional brain imaging techniques remain limited and incon-
clusive. Older biochemical findings in measurements of stress-sensitive
neurotransmitters and neurohormones have proved nonspecific by diagnosis. The
short REM sleep latency in mania and severe depression associated with a disregu-
lationof the cholinergic systemaremainly state-dependent and not necessarily clues
to biological causes of the disorder (Nemeroff,1999). A serotonergic deficiency asso-
ciated with aggression and suicide has been reported but not found to be specific to
BPD. Some cognitive and other neuropsychological deficits have also been identi-
fied in BPD, and some may be not associated with the acute episodes of illness
(Mayberg et al., 1997). It has been hypothesized that a GABAergic deficiency may
contribute tomood instability and that amanic state is sustained by increased nora-
drenergic and dopaminergic activity (Swann et al., 1994; McTavish et al., 2001).
Brain imaging techniques have shown specific abnormalities in the white matter of
the brain of BPD patients (Soares andMann,1997).

SYMPTOMS

Mania is characterized by an elevated or irritable mood, pressured speaking,
increased physical activity, increased or uninhibited sexual drive, and decreased
need for sleep. Cognitive disturbances include rapid, overproductive, semilogical
thinking, the content of which may refer to increased self-esteem and grandiosity.
Patients may continuously change topics and use loose connections; their attention
may also be impaired by a high level of distractibility. Attempts to interrupt
increased activities may provoke irritable or angry responses. Overactivity may
include incessant, disorganized, or aimless motion. Social, interpersonal, and occu-
pational functioning may be disturbed by excessive self-confidence, lack of
inhibition, intrusiveness, impulsivity, recklessness, irritability, and sometimes
aggressiveness. Risk-taking is common, and may include unrealistic plans or busi-
ness initiatives, overspending, reckless driving, with or without abuse of alcohol or
illicit drugs. Psychotic features may be present with grandiose delusions based on
religion and power or persecutory ideation related to the belief of being an impor-
tant person. Hallucinatory phenomena may more rarely occur with the same
grandiose content.The mood-altered state is defined as being hypomanic if most of
the described symptoms are present, with the exception of the psychotic features,
and there is no substantial impairment in social, interepersonal, or occupational
functioning. In both cases, but to a different extent, judgement may be impaired
(APA, 2000).

The symptomatology of depression in a BPD does not differ from that in
unipolar recurrent depression. It is mainly characterized by depressed mood,
psychomotor retardation with a low level of energy, lassitude, decreased sexual
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drive, changes in appetite and weight loss, and sleep disturbances. Thinking
processes are slow, attention is impaired by lack of interest, memory processes
are impaired as well, reaction times are prolonged, problem-solving strategies
are limited, and feelings of guilt, worthlessness, self-blame, despair, hopeless-
ness may be present. Suicidal thoughts, gestures, or attempts may occur. Self-
esteem is usually low with unrealistic, negative and pessimistic self-evaluation.
Somatic complaints such as headaches, muscular aches, gastrointestinal,
respiratory, cardiac, and other vegetative symptoms, may be present and
more prominent than psychic symptoms. Psychotic features may be present
with content of pessimism, nihilism, worthlessness, self-blame, and guilt.
Persecutory ideation and delusions may stem from the idea of receiving a just
punishment. Perception disturbances and hallucinations may more rarely
occur. Depressive symptomatology may impair the persons’ social, interper-
sonal, and occupational functioning, and their judgement capacity at various
levels (APA, 2000).

A combination of depressive and manic symptoms occurring at the same
time or in rapid alternation of hours or days is defined as a mixed episode.
Agitated depression and dysphoric mania are the most common expressions of
a mixed state (Cassidy et al., 1998; Koukopoulos and Koukopoulos, 1999). In
the former case, a patient may communicate depressive feelings along with
subjective or objective agitation, irritability, internal rage, and racing thoughts
(Koukopoulos and Koukopoulos, 1999; Perugi et al., 2001). Koukopoulos and
Koukopoulos (1999) propose three criteria for the diagnosis of agitated depres-
sion: motor agitation, psychic agitation with intense inner tension, and racing
or crowded thoughts. A dysphoric manic patient may be dysphoric, agitated,
aggressive, suicidal, with feelings of guilt, and irritable (McElroy et al., 1992;
Cassidy et al., 1998; Cassidy and Carroll, 2001). This mood state has been consid-
ered either a form of mania, or a more severe form of mania, or a transitional
state from mania to depression (McElroy et al., 1992). A correct diagnosis of
mood mixed states is important because they tend to have more hospitalizations,
a higher chance of suicidal behaviour, and a worse response to long-term treat-
ments (Post et al., 1989).

BPDs are diagnosed when one or more depressive episodes are preceded or
followed by one or more manic or hypomanic episodes over the years. Bipolar
types I or II describe the occurrence of at least one episode of mania or hypo-
mania, respectively. BP II disorder is found in 13^20% of all bipolar patients
and is more frequent in women (Tondo et al., 1998a). The worldwide lifetime
rate of BPD varies from 0.3% to 1.5% (Weissman et al., 1996). Both types are
recognized in the World Health Organization’s International Classification of

Diseases (ICD-10; WHO 2000) and the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR; APA 2000).
The latter also recognizes rapid-cycling BPD, with at least four episodes of
mania or depression within 12 months of clinical assessment (Dunner and
Fieve, 1974; APA, 2000).
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COMORBIDITY

BPDs often show features of other psychiatric syndromes, especially anxiety disor-
ders (Clayton,1990; Angst,1996; Pini et al.,1997; Angst,1998; Cassano et al.,1999;
McElroy et al., 2001;Yerevanian et al., 2001; Rihmer et al., 2001). A recent review
shows an average of about 21% of co-occurrence of any anxiety disorder in patients
with BPD (Tondo et al., 2003c). In addition, the co-occurrence of alcohol or drug
abuse in BPD ranges between 40% and 60% (Regier et al., 1990; Strakowski et al.,
1998; Sonne and Brady, 1999; McElroy et al., 2001). The comorbidity of BPD and
other DSM-IV disorders from Axis I and II can severely complicate the clinical
evaluation and treatment of the illness, and can increase suicide risk and worsen
the overall prognosis (Young et al., 1993;Vieta et al., 2000; Freeman et al., 2002).
Whether substance abuse is a contributing cause of BPD, or the disorder favours
addictive behaviour remains unresolved. BPD is also frequently associated with
attention deficit hyperactivity disorder (Milberger et al., 1995; Biederman et al.,
1996; Pliszka,1998; Sachs et al., 2001).

PSYCHOLOGY

From apsychological perspective, bipolar mood disorder is characterizedby narcis-
sistic features, lack of empathy, and unstable interpersonal relationships. The
predominant defence mechanisms are denial in mania, and self-aggressiveness
against internalized object loss in depression. Phenomenologically, mania has been
interpreted as the result of an attempt to compensate for depressive feelings, while
depression as an expression of guilt for themanic behaviour. Behaviouristic theories
see depression as a consequence of learned helplessness after repeated unavoidable
experiences, and cognitive approaches see it as an expression of negative self-
evaluation and beliefs activated by stress. In both mood expressions, personality
traits may include emotional dependence, lack of awareness of internal emotional
responses in oneself or others, and of appreciation of differences between actual
and idealized situations.

COURSEOF THE ILLNESS

The onset of BPD may not be easily recognized as such, and appropriate diagnosis
and treatmentmaybe delayedby several years.The illness may start in adolescence,
more rarely before puberty with differential diagnostic challenges from attention/
hyperactivity or conduct disorders (Papolos and Papolos, 2000).The initial typical
episode is amania or hypomania, particularly in men, whereas an initial depressive
episode is more common in women.Women also tend to have more type II bipolar
illness and prominent depressive episodes (Tondo et al., 1998a). In some cases of
recurrent depression, mania or hypomania emerge later, sometimes during treat-
ment with an antidepressant medicine.
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The natural duration of untreated episodes of mania or bipolar depression is
about 2^9 months, with approximately yearly recurrences (Angst and Sellaro,
2000; DSM-IV, 2000). With adequate medical treatments, the duration of acute
episodes of mania is about 1^2 months, while depressive episodes may last 2^4
months. The frequency of untreated manic episodes may be more common than
depressive episodes, but patients spend more time in depression than mania over
years of bipolar illness (Angst, 1978;Tondo et al., 1998a).

Single episodes ofmania and single cycles of depressionaccompaniedbymaniaor
hypomania occur in a few cases. Recurrent episodes, on the other hand, are more
commonand their frequency tends to increase over the years. It hasbeen shown that
about 90% of individuals with a single manic episode have future recurrences.
Initial inter-episode time periods may average 2^3 years in young adults, but these
intervals tend to shorten to 8^9 months after 6^8 recurrences; and the total time
spent in illness is about 20^47% (Angst, 1978; Angst and Sellaro, 2000; Judd and
Akiskal, 2002); and mainly in depression, 32% of the time (Judd and Akiskal,
2002). A minority of BPD patients estimated at about 15% eventually follow a
more or less chronic course.

BPD with onset in childhood may involve mood instability and behavioural
problems over months or years rather than a more defined recurrent course, which
tends to become established during late adolescence or in young adults (Faedda et
al., 1995; Shulman et al., 1995; Papolos and Papolos, 2000). Adolescent BPD affects
about 1% of 14^18-year-olds, while about 6% of adolescents have experienced
periods of irritability, mood disorder, and behavioural abnormalities without
fulfilling the criteria for BPD or cyclothymia. All adolescents with these types of
problems show higher rates of occupational, social, and interpersonal dysfunc-
tioning as well as a higher chance of co-occurring anxiety, substance abuse, and
other disruptive behaviours (Lewinsohn et al., 1995).The frequency of BPD with a
later onset may be higher, and in many cases with an onset in the elderly the course
may tend to chronicity more often and respond unfavourably to treatment
(Shulman et al., 1995). The consequences of an early-onset BPD include poor
academic functioning, interpersonal and family difficulties, increased risk of suicide
attempts and use of alcohol, tobacco, and drugs, behavioural and legal problems
(Birmaher and Heydl, 2001).

The sequence of manic and depressive episodes may follow a characteristic
and repetitive pattern in some patients. The more frequent sequences are:
manias or hypomanias preceding depressions (MDI) or vice versa (DMI), or
with a continuously circular course (CC) with no free intervals (Angst, 1978;
Kukopulos et al., 1980). Rapid-cycling course occurs in about 15% of reported
treated cases, usually from specialized lithium clinics (Tondo and Baldessarini,
1998; Tondo et al., 2003a). The actual proportion of rapid cycling patients not
attending such clinics has not been reported and is arguably lower. Rapid
cycling is somewhat more common among women and persons with type II
BPD (Tondo and Baldessarini, 1998). An uncertain proportion of cases of BPD
follow a seasonal course, more commonly with depressions in autumn or winter
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and manias in spring or summer (Rosenthal and Wehr, 1987; Faedda et al.,
1993a).

Since Kraepelin, BPD patients typically experience some degree of recovery
between illness episodes; nevertheless, in a relevant proportion of them, the illness
may lead to sustained functional problems in occupation, and social and interper-
sonal relationships, particularly in subjects with early onset, or psychotic symptoms
(Tohen et al., 2000). The outcome may be less favourable if associated with either
early or late onset age, presence of mixed or psychotic features, severe depression,
and rapid cycling course (Goodwin and Jamison, 1990). The main reason for this
poor outcome is attributable to a lower effect of medical treatments. Moreover,
psychological and social consequences of the illness and its functional disturbances
may profoundly affect the individual’s self-esteem, and interpersonal relations
which may worsen the illness itself.

MORTALITY

Prematuremortality in BPDhas to be associatedmainly with suicide (Ahrens et al.,
1995;Tondo et al., 2003b). Deaths attributed to suicide in mood disorders vary from
the classical estimates of about15% (Guze andRobins,1970; Goodwin andJamison,
1990; Angst and Preisig, 1995) to more recent and updated values of 6% (Inskip et
al.,1998). Suicide attempts are frequent in bipolar disorder occurring in 20^40% of
BPD patients (Tondo et al., 1998b;Weissman et al., 1996; Baldessarini et al., 2003)
and their ratio with completed suicide is probably less than 5:1compared to 20:1 in
the general population (AAS, 2000). The implication is that BPD patients have a
stronger intent to die and use methods of higher lethality than the general popula-
tion.The depressive phase of a BPD carries the highest suicide risk, accounting for
about three-quarters of all attempts and fatalities (Isometsa¤ et al., 1994; Tondo et
al.,1998b).Mixed states andagitateddepressionsmaybe at a higher risk for suicidal
behaviour, but as they are less frequent thanmore typical episodes, they account for
a lower proportion of suicidal behaviour (Koukopoulos and Koukopoulos, 1999).
As in the general population, risk of completed suicide in BPD is greater in men
than in women. Other risk factors include previous attempts, older age, family
history of suicidal behaviour, and a comorbid abuse of alcohol or drugs.

Mortality rates in BPDare also elevateddue to risk-takingbehaviours, accidental
deaths associated with alcohol and drug abuse, and the impact of stress-sensitive
cardiovascular disorders with a mortality that is at least three times higher than in
the general population (Ahrens et al., 1995; Baldessarini andJamison,1999).

CLINICAL MANAGEMENT

BPD requires careful clinical management. Manic patients need protection if they
show impulsive, hostile or excessively uninhibited behaviour, or if they refuse treat-
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ment.They also need to be protected from others who may take advantage of their
hypersexuality and prodigality. In extreme cases, patients may need to be
committed to specialized hospital units. Hospitalization may be required for
severely depressed patients because of a high risk of suicide or inability to care for
themselves. Patients and their families also benefit from education about the illness,
its treatment and expected course. Counselling is also useful to plan for the possible
impact of the illness on career, financial and family planning.

DRUGTREATMENT

Treatment of acute bipolar episodes involves antidepressants for bipolar depression
and mainly antipsychotics for mania (Baldessarini and Tarazi, 2000). Prolonged
antidepressant treatments in bipolar depression may have a destabilizing effect in
predisposed patients which manifests as an increased rate of mood-cycling or
switching from depression to manic, mixed, or dysphoric states (Goodwin and
Jamison,1990). It has not been established whether tricyclic or monoamine oxidase
inhibitors have a higher risk of inducing mood shifts than modern antidepressants.
There is less evidence that antipsychotic or other sedatives used for the treatment of
mania can induce depression in BPD. Electroconvulsive therapy may be a
temporary alternative in severe cases and can be beneficial in manic, depressive
andmixed episodes.

In addition to the treatment of acute episodes, BPD patients need to be treated for
the prevention of the recurrences of mania and depression. Lithium salts are the
best-established therapeutic strategy for this purpose (Cade, 1949; Baldessarini
andTarazi, 2000). The treatment tends to have a slow response at onset and may
need to be adjuncted to an antipsychotic therapy in the treatment of acute mania.
Lithium has complex and not completely explained effects on interneuronal signal
transduction and on other molecular regulatory events in neurons (Nonaka et al.,
1998; Manji et al., 2000). This agent is effective in prevention and delay of recur-
rences, and in lessening the intensity of manic and depressive states in about two-
thirds of BPD patients over many years (Tondo et al., 1998a, 2001b). Owing to its
limited safety margin, serum concentrations of lithium are monitored regularly,
and are safe and effective in the range of 0.6^1.0mEq/L.The frequency of adverse
effects increase with higher lithium serum levels andmay include tremor, polyuria,
diarrhoea, nausea, weight gain, hypothyroidism and occasional severe impairment
of renal functionwith uraemia. A serious problemof long-term lithium treatment is
that abrupt or rapid discontinuation is often followed by a temporary greatly
increased risk of recurrences of mania, depression, or suicidality, even after years
of effective treatment (Faedda et al., 1993b; Baldessarini et al., 1999). Moreover,
lithium treatment is the only long-term psychiatric treatment showing consistent
evidence of reduction of suicidal behaviour of about 80% comparing periods of
long-term treatment with lithium to periods without treatment (Tondo et al.,
1998b, 2001a).
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Alternative or adjunctive treatments to lithium include a growing number of
anticonvulsants such as carbamazepine, valproic acid, lamotrigine, topiramate
andgabapentin (De Leon, 2001;Macdonald andYoung, 2002; Grunze andWalden,
2002).Valproic acid and its salts have been shown to have a particularly potent and
rapid antimanic effect and are also employed empirically for maintenance treat-
ment, although the long-term protective effects of this agent against recurrences of
bipolar depression and mania are not fully proved (Bowden et al., 2000). Anti-
psychotic drugs in addition to their short-term antimanic effects, are also used to
treat breakthrough episodes of mania, but their action in the prevention of recur-
rences of bipolar depression or mania for prolonged periods is not established.
Clozapine has been tried for the treatment of resistant bipolar disorder (Suppes et
al., 1999); olanzapine for the treatment of bipolar depression, especially with con-
comitant pscyhotic features (Rothschild et al., 1999), and for the acute treatment of
mania (Tohen et al.,1999). Despite the testing anduse of additional anticonvulsant,
andof novel antipsychotics for the treatmentof BPD, none has yet proved superior to
lithium for long-termmanagement of BPD.

PSYCHOSOCIAL INTERVENTIONS

Psychotherapeutic efforts are much less evaluated in bipolar than in depressive
disorders, in part reflecting traditional views that bipolar patients are often less
able to accept their condition as a disorder requiring treatment. The high rate of
recurrences inmany patients has, however, led to the use of psychotherapeutic inter-
ventions that seem to decrease the frequency of recurrences in adjunct to the
pharmacological long-term treatments (Jamison, 1999).The most evaluated inter-
ventions include interpersonal psychotherapy (IPT), aimed at the improvement of
coping strategies for social and interpersonal relationships; cognitive-behavioural
therapy (CBT) which attempts to modify inappropriate, self-detrimental, or exag-
gerated concepts by encouraging development of more flexible schemas, and
rehearsal of new cognitive and behavioural responses; interpersonal and social
rhythm therapy (IPSRT), which helps to reorganize the everyday life, thus
improving social relationships; family-focused therapy (FFT) aiming at reducing
the level of distress within the patients’ families. Psychoeducational and group-
based or individual supportive treatments are also advisable (Huxley et al., 2000).
In general, all psychosocial interventions should have a psychoeducational
approach aimed at increasing knowledge and insight of the illness and recognizing
the first symptoms before an acute episode occurs.
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INTRODUCTION

Depressive and anxiety symptoms that fall below the threshold criteria for a mood
or an anxiety disorder have been found to have considerable prevalence rates in the
general population, as well as in the general health care sector and in psychiatric
settings.

Early descriptions of depression by Kraepelin (1921) noted the presence of ‘slight
and slightest colouring of mood’ which were thought mainly to represent rudimen-
tary or prodromal symptoms of more severe affective disorders. Furthermore,
depression not only could present in mild forms but also may reveal itself without
any affective symptomatology, like somatization that may replace classic affective
symptoms.

The initial problemwith these forms of mood disorders is to come to terms with a
definition of subthreshold depression that, indeed, has been described by using
numerous labels such as ‘minor’, ‘subsyndromal’, ‘incomplete’, ‘mild’, ‘attenuated’,
‘residual’, ‘masked’, etc. In some cases, each of these labels provides only a partial
definition andcovers a limited number of the characteristics of subthreshold depres-
sion.Moreover, terms like ‘depressive temperament’or ‘depressive personality’were
not rarely defined as primarily characterized by a particular constellation of
personality traits indicating that the boundaries between ‘depressive personality
disorder’and ‘chronic mild depressive features’are difficult to draw (Phillips et al.,
1998). Other authors argued in favour of a distinction between a state and a trait
depression, given that some symptoms (e.g. negative reactivity, remorsefulness,
gloominess, pessimism, unassertiveness, etc.) differentiated depressed and non-
depressed subjects, indicating that they are primarily belonging to depression,
while low self-esteem, feeling burdened, and counterdependency manifested both
state and trait components (Hartlage et al., 1998).
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While the earlier diagnostic and statistical manuals of mental disorders (DSM-I^
III) limited the diagnosis of depression to a set of rigid criteriabased on the number of
symptoms present (at least five out of nine), the duration (at least two weeks), and the
quality of these symptoms, more andmore frequently patients present with symptoms
of depression insufficient in number or duration to satisfy the DSM-III criteria, that
result in significant impairment in social functioning. The interest in these so-called
‘subthreshold’depressive states leadtothe additionof threenewcategories ofdepression
to the DSMas ‘subthreshold forms of major depression’. Dysthymiawas first added to
DSM-III-R, andminordepressionand recurrentbrief depressionwere addedtoDSM-
IVunder the umbrella of depression NOS. Nevertheless, approximately two-thirds of
patients with subthreshold depression continued to present with depressive symptoms,
causing significant psychosocial impairment, but which still did not satisfy any DSM-
IVdiagnosis (Juddetal.,1994,1997).

EPIDEMIOLOGICAL STUDIES

As stated by Angst and Merikangas (1997), the spectrum of depression ‘is much
wider than that reflected in the current diagnostic nomenclature’. Most recent
epidemiological studies that confirmed the wide diffusion of depressive symptoma-
tology in the general population derived essentially from the Epidemiologic
Catchment Area (ECA) and the National Comorbidity Survey (NCS). The main
objectives of these studieswere essentially to evaluate the prevalence of subthreshold
depression in the general population and to explore the relationship between this
condition and individual’s functional impairment and help-seeking behaviour
patterns.

Judd et al. (1994), using the ECA database, described a potential clinical condi-
tion represented by ‘any two or more simultaneous symptoms of depression,
present for most or all of the time, of at least two weeks’ duration, associated
with evidence of social dysfunction, occurring in an individual that does not
meet criteria for diagnoses of minor depression, major depression and/or
dysthymia’. This condition has been defined as ‘subsyndromal symptomatic
depression’and had a prevalence of 11.8% during a one-year period. From a clin-
ical viewpoint, these authors found that ‘subsyndromal symptomatic depression’
was associated with insomnia, fatigue and recurrent thoughts of death. However,
they raised the question of whether subsyndromal depressive symptoms are asso-
ciated with sufficient disruption in the domain of an individual’s everyday
functioning. In a more recent reappraisal of the ECA, Judd et al. (1996) restricted
the analysis of ECA data to the Los Angeles site. These authors hypothesized that
subjects with subsyndromal depressive symptoms reported more functional
impairment than subjects with no depressive symptoms.They compared the social
and functional impairment of subjects with and without subsyndromal depressive
symptoms with that of subjects with major depression. Functional impairment
was evaluated with questions regarding 10 domains of functional outcome and
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well-being, namely daily functions, high or low household strain, high or low
social contacts, major financial loss, high or low financial strain, talked to
someone about very personal problems, any day with restricted activity due to
physical illness or any day in bed due to physical illness in previous two weeks,
any chronic limitation in physical or job functioning due to physical illness, and
general health status. Significantly more subjects with subsyndromal depressive
symptoms than subjects with no depressive disorder or symptoms reported
disability on seven out of 10 domains of function, namely high social irritability
(62%), high household strain (45%), high financial strain (63%), restricted activity
days due to physical illness (18%), bed days due to physical illness (11%), chronic
limitation in physical or job functioning (18%) and self-rating of health scored as
‘poor’.

Judd et al. (1997) classified all respondents from three out of five sites of the
ECA overall sample into seven mutually exclusive categories based on the
presence or absence of depressive symptoms or disorders. Overall, one-month
prevalence of threshold or subthreshold depressive symptoms was found to be
22.6%, while that of a single depressive symptom was 8.7%, of subsyndromal
depressive symptoms was 3.9% and of minor depressive disorder was 1.5%. From
a clinical viewpoint, when compared to subjects without any depressive symptom,
respondents with subsyndromal depressive symptoms were twice as likely to refer
to mental health facilities and to have had disability benefits, and about four times
more likely to have suicidal ideation or suicide attempts. A relevant proportion of
these subjects with subsyndromal depressive symptoms experienced depressive
symptoms as prodromal to the onset of a major or a minor depressive episode as
well as residual to resolving episodes. These findings were consistent with the
observation that subsyndromal depressive symptoms might be associated either
with an history of past depressive episodes or with a relevant risk factor for future
episodes.

Kessler et al. (1997) investigated subthreshold depression in the National Comor-
bidity Survey data.These authors adopted a modified definition of DSM-IV (APA,
1994) ‘minor depression’, that is only two to four criterion ‘A’ symptoms and no
lifetime history of major depression or dysthymia. Furthermore, they considered
two types of lifetime major depressive episode: the first was less severe (with five
or six criterion ‘A’ symptoms) and the second more severe, characterized by seven
to nine symptoms. The estimated lifetime prevalence of these forms of depression
were 10% for minor depression, 8.3% for major depression with five to six symp-
toms and 7.5% for major depression with seven to nine symptoms. In this study,
clinical correlates of minor and major depression were similar. Both minor and
major depression appeared like recurrent disorders: the vast majority of subjects
with lifetime minor depression and lifetime major depression reported having
more than one episode (72.1% and 72.3% respectively), and only a minority of
them, reported a persistent depression without remission from the time of first
onset. As expected, a comparison of respondents whose worst lifetime episode had
minor, major depressionwith five to six symptoms, andmajor depressionwith seven
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to nine symptoms, showed an increasing gradient in average number of lifetime
episodes, average length of longest episodes, 30-day and 12-month prevalence. Nor
were differences found across subsamples whose most recent episode ended more
than 12 months ago, with approximately 16% of respondents reporting residual
symptomatology.

Impairment associated with minor and major depression differed in the three
subgroups.There was a clear gradient of increasing impairment expressed in terms
of interference with everyday life and activities, the percentage who saw a doctor or
some other professional, and the percentage who took medication for the depres-
sion. A substantial minority of those with minor depression (42%) and larger
proportions of those with major depression with five to six symptoms (49.7%) and
with seven to nine symptoms (68.2%) reported at least one of these indicators of
impairment. Data on more recent impairment (during the past 30 days) showed
that the average number of mental health work loss days is equal for those with
recent minor and major depression with five to six symptoms, but much larger for
those with recent major depressive episode with seven to nine symptoms. Kessler et
al. (1997) concluded that whereas clinical correlates between minor and major
depression were similar, differences in impairment were significant, implying that
there is not a sharp divide between minor and major depression.

Sullivan et al. (1998) using the NCS data, identified six classes of subjects who
endorsed different depressive conditions: namely, the ‘severe typical and mild typical

classes’ (subjects with a very high lifetime occurrence of major depression and
preponderance of ‘classical’ depressive symptoms like weight and appetite loss,
insomnia, psychomotor agitation, anergia and poor concentration), the ‘severe and
mild atypical classes’ (in which depressive episodes were characterized by appetite
increase and weight gain), the ‘intermediate class’ (intermediate lifetime occurrence
of major depression with prominent symptoms of low mood, loss of interests,
insomnia etc.), and finally the ‘minimal symptoms class’ characterized by low rates of
depressive symptoms endorsed and only1% of subjects with a lifetimemajor depres-
sion. The overall prevalence of subthreshold forms of depression was 19% of the
subjects in the NCS.These conditions, whichwere hypothesized to be quantitatively
but not qualitatively different from major depression, were associated with social
morbidity and an increased risk for first-onset major depression.

Angst and Merikangas (1997) investigated the presence and the prevalence of
subthreshold depression in a community sample of 591 subjects, recruited over 15
years (Zurich cohort). Standard threshold criteria of dysthymia and major depres-
sion as defined by DSM-III-R (APA, 1987) were applied. Four subthreshold
conditions were defined: depressive symptoms (one or two depressive symptoms
for at least two weeks), minor depression (three or four depressive symptoms for at
least two weeks), recurrent brief depression and recurrent brief depression without
impairment. Lifetime recurrent brief depression and minor depression were found
in 9.2% and in 6.2% of the overall sample respectively. Moreover, the majority of
cases did not manifest a single subtype only: the presence of subthreshold forms of
depression was a risk factor for the developing of a major disorder and a major
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depressive episode might predispose to the development of a subthreshold sympto-
matology in almost 50% of cases as well.

Kendler and Gardner (1998) evaluated a group of female twins ascertained from
a large epidemiological sample denominated Population-based Virginia Twin
Registry and investigated the presence of 20 depressive symptoms during the year
before the evaluation.The aim of this study was to assess if major depression was ‘a
discrete syndrome’ qualitatively different from subthreshold depressive conditions
or if it was only a fictitious category superimposed on a continuum represented by
various depressive symptoms with different severity and duration. With the term
‘minimal depressive syndrome’ was defined a condition ‘consisting of at least three
co-occurring depressive symptoms one of which had to be depressedmood or loss of
interest/pleasure during at least 5 days’. Subjects were interviewed on three conse-
cutive occasions in order to assess whether the presence of depressive symptoms at
the baseline was predictive of the occurrence of a subsequent depressive episode.
The authors found that the risk of having a future major depressive episode was
related to the number of depressive symptoms observed at the first interview, but
theydid not finda discontinuitybetween the risks related to subthresholdconditions
and those related to full-blown depressive conditions. The authors concluded that
subthreshold syndromes had predictive and familial validity as well as full-blown
forms of depression.

Studies in the General Health Care Sector

Probably, the largest effort to gain more insight into the phenomenology and course
of threshold and subthreshold depressive disorders in primary care using a refined
methodology was the multicentre WHO study denominated ‘Psychological
Problems in General Health Care’ (Sartorius et al., 1993; Ustun and Sartorius,
1995; Ormel and Tiemens, 1995). First longitudinal data from this study were
reported by Simon and VonKorff (1995) for the American site (Seattle, USA).
They found that the majority of patients with both major and minor depressive
disorders showed considerable improvement in depression and disability after 12
months. However, 30% of patients withmajor depression continued to fulfil criteria
for major depression after 12 months. Moreover, similar rates of recovery were
found among patients recognized by the physician as psychiatric cases (30.3%) as
compared to those unrecognized (30.4%), suggesting a lack of association between
identification by the physician and recovery (Simon andVonKorff, 1995).

Primary care subjects with subthreshold depressive symptoms may represent a
highly heterogeneous group.They may include not only individuals with partially
remitted or prodromal major depressive symptoms or subjects with transient
depressive symptomatology in response to stressful life-events, but also subjects
with depressive symptoms that are secondary to a general medical illness
(Sherbourne et al., 1994). In one study, Olfson et al. (1996) recruited a large
outpatient primary care sample (1001 subjects), in which subthreshold symptoma-
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tology was defined for depression, panic disorder, OCD, drug, and alcohol abuse
and dependence. A total of 30.1% of the subjects met the criteria for subthreshold
symptoms, whereas 38.9% met the criteria for an axis I mental disorder. The
criteria for depressive symptoms were met by 9.1% of the sample. Subjects with
depressive symptoms were similar in mean age to patients with major depression
but they were younger than patients with no symptoms. Social impairment, due to
loss of work for mental health symptoms, marital distress and use of mental health
services was significantly higher in subjects with subthreshold depression than in
those without any depressive symptom (7.7 times increased risk for marital distress
and 2.5 times increased risk for a recent loss of work or utilization of mental
health services). Furthermore, one-third of subjects with subthreshold depression
met the full criteria for another mental disorder, in particular drug abuse or
dependence. Among subthreshold symptomatology, only depressive symptoms
and panic symptoms seemed strongly associated with a significant impairment.
However, Olfson (1996) noted that it was difficult to detect the clinical signifi-
cance of subthreshold depressive symptomatology in primary care patients,
because of the widespread prevalence of comorbidity with other psychiatric and
non-psychiatric disorders or symptoms.

Rapaport andJudd (1998) recruited15 subjects with subthreshold depression and
minor depression, from a general practice sample and from the community. They
quantified functional impairment and depressive symptomatology in these subjects
before and after eight weeks of pharmacological treatment. All subjects were medi-
cally stable, they were not on psychotropic medication, and they met criteria for
either minor depression or subthreshold depression but no other psychiatric
disorder. Minor depression was defined as ‘feeling sad or blue or anhedonic’ plus at
least one other symptom of depression as presented in the DSM-IV (APA,1994) list
of symptoms. Subthreshold depressionwas defined as having two ormore symptoms
of depression excluding the A criteria as defined by DSM-IV (feeling sad, blue or
anhedonic) and a Global Assessment Score (GAS)575. Subjects with a current or
past history of major depression in the last year were excluded from the sample.
When confronted with a general population sample without depressive symptoma-
tology, subjects with minor and subthreshold depression showed lower scores for
physical role functioning, emotional role, energy/fatigue, emotional well-being
and social functioning. After the treatment with fluvoxamine, depressive sympto-
matology decreased in minor depressives as well as in subjects with subthreshold
depressive symptoms and approximately 30% of the patients had complete resolu-
tion of all depressive symptoms. However, these results derived from an open label
pilot study on a small sample.

Studies in Clinical Settings

As stated previously, most recent epidemiological surveys in the general population
and in primary care have shown that a substantial proportion of disabling depres-
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sive syndromes donotmeet the criteria formajor forms of depression.These findings
have driven the clinicians to propose less restrictive boundaries and definitions for
depressive conditions. In some recent studies conducted in clinical settings,
subthreshold depressive symptomatology was mainly described from two different
perspectives that reporteddifferent aspects of the samephenomenon.One approach
consisted in considering subthreshold depressive conditions as expressions of
‘prodromal’ or ‘partial or incomplete remission’ or ‘residual symptomatology’ of a
depressive episode. The other approach was that of conceptualizing subthreshold
depressive conditions as alternative forms of different symptomatic phases of the
same disease on a‘symptomatic continuum’ (Judd,1997).

Thehighprevalence of residual depressive symptomatologyafter the treatment of
amajor depressive episode in clinical samples, their role as a predictor of subsequent
depressive recurrences, the impact on therapy choices, and the degree of enduring
psychosocial impairment subsequent to the partial remission of a depressive episode
have beenwell investigated.

Paykel (1998) reports the course and the levels of symptomatological remission of
64 major depressives with an examination of residual symptoms. This study
revealed that 32% of patients who remitted below major depression showed 8 or
more on the Hamilton Depression Scale.The pattern was of ‘mild atypical depres-
sive symptoms’ without major biological symptoms. According to Paykel (1998)
residual symptoms were more common in subjects with more severe initial depres-
sion and with passive dependent personality traits; in these subjects, residual
symptoms were strong predictors of subsequent relapse.

Agosti and Stewart (1998) investigated the clinical profile of depressed psychia-
tric patients who responded to acute treatment and had a sustained six-month
period of recovery (n=48), and they compared their social functioning with that of
a psychiatrically normal community sample (n=974). Symptom scores of the recov-
ered group were significantly higher than the community control group but not
clinically significant: 94% of the recovered patients had a mean SCL-90-R total
score of less than 1 (‘a little bit’). Nevertheless, the recovered group was more
impaired in social and leisure functioning than the non-psychiatric sample.

Fava et al. (1998), in a follow-up assessment investigated if cognitive-behavioural
treatment of residual symptoms of depression might have a significant effect on
relapse rate. Forty consecutive depressed outpatients who met the Research Diag-
nostic Criteria for a major depressive disorder were treated for at least three
months with full doses of antidepressants. Subjects who completed the treatment
period were randomly assigned to a specific cognitive-behavioural treatment of
residual symptoms or to a clinical routine management. Cognitive-behavioural
treatment seemed to show a substantial effect on relapse rate only in the first four
years of follow-up. In particular, at the two-year follow-up, CBT resulted in a
relapse rate of 25%, significantly lower than did clinical management (80%).
CBTefficacy faded at a six-year follow-up.These results are concordant with those
of a previous study (Blackburn and Moore, 1997) in which 75 patients with recur-
rent depression, were subdivided into three groups: short-term and maintenance
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(twoyears) treatment with antidepressant drugs, CBTin the short-termaswell as in
themaintenance phase and antidepressant use in the short-termphase plus CBTfor
maintenance. Cognitive therapy displayed a similar prophylactic effect to mainte-
nance medication (Blackburn andMoore,1997).

Judd et al. (1998a) in a naturalistic study, investigated the weekly symptomatic
course of 431patients with unipolar major depressive disorder and they considered
the influence of mood disorder history on the course of illness, during a 12-year
follow-up. Judd et al. (1998a) subdivided the overall sample into three mutually
exclusive groups: patients in their first lifetime major depressive episode (MDE) in
the absence of ongoing dysthymia (28% of the sample), patients with one or more
prior MDEs in the absence of ongoing dysthymia (47%) and patients with double
depression (24%). Follow-up weeks were assigned to one of four mutually exclusive
depressive symptoms severity levels that represented states of illness activity: 1 ^
depressive symptoms at the threshold for MDD, 2 ^ depressive symptoms at the
threshold for minor depressive or dysthymic disorder (MinD), 3 ^ ‘subthreshold’
or ‘subsyndromal’ depressive symptoms (below the thresholds for MinD and
MDD), and 4 ^ no depressive symptoms. Subjects of the study with MDD spent
41.5% and 15.3% of follow-up weeks asymptomatic and with depressive symptoms
at the MDD level respectively. For approximately one-quarter of the follow-up
weeks (26.7%) patients showed minor depression level symptoms, whereas
subthresholddepressionwas present during16.5%. Patients in the double depression
group spent significantly more timewith minor depressive symptoms (34.6%) than
patients in the other subgroups. Moreover, weekly analyses of unipolar MDD
revealed prolonged chronic symptoms in the course of illness, with only 41.5% of
asymptomatic weeks for an average of 8.7 years. Patients with double depression
had the most symptomatic course.

BIPOLAR^UNIPOLAR DICHOTOMY

Since the bipolar^unipolar dichotomy of the DSM era replaced the unitary vision
proposed by Kraepelin in the early twentieth century, the bipolar^unipolar
distinction has represented a major advance in the classification and description of
mood disorders, providing a basis for the evaluation of genetic, clinical and thera-
peutic differences, rather than representing a ‘purely descriptive sub-grouping’
(Goodwin andJamison,1990). However, the ambiguities regarding the boundaries
between unipolar and bipolar disorders, and the definition of relationships between
polarity and cyclicity still stands, raising practical problems for research and treat-
ment choices.The original contribution by Dunner et al. (1976) in the early ’70s in
differentiating bipolar I and II conditions was paramount for including in the
bipolar spectrum those patients presenting with clinical depression whose hypo-
manic phases, not requiring hospitalization or treatment, or not impairing
individual’s functioning, are only detectable by clinical history (Coryell et al.,1987).
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Subsequently, the contribution of Akiskal and Cassano in the 1980s indicated
that about 50% of mood disorders seen in clinical settings might pertain to the
bipolar spectrum. This widening of bipolarity to the detriment of unipolar
forms was corroborated by Angst (1995) who demonstrated through epidemio-
logical data that more than 5% of the general population might be affected by
bipolar spectrum conditions.

Akiskal and Pinto (1999) and Akiskal et al. (2000) reappraised the bipolar spec-
trum in a conceptual and clinical context using case material. The authors argue
that many major depressions in the DSM-IV schema are, in reality, part of the
bipolar spectrum.This approach led to the formulation of a list of prototypes (BP-
I, BP-I

1

2, BP-II, BP-II
1

2, BP-III, BP-III
1

2, BP-IV) along the continuumofmooddysre-
gulations.Themajor implication of this theory is that the extension of the concept of
the bipolar spectrumwould defend a depressed patient unprotected by mood stabi-
lizers from possible negative effects of antidepressants. Second, recognition of some
attenuated forms of bipolarity pursuing a subacute or chronic course may obviate a
more prognostically unfavourable diagnosis such as borderline or antisocial person-
ality disorder or schizophrenia.

Furthermore, this model has shed light on the true prevalence of bipolar spec-
trum conditions, and challenged the conservative figure of 1% usually reported in
the traditional literature for bipolar disorder (Weissman et al., 1998).

However, there are a series of limitations in this model. First, prototypes are
mostly based on individual case reports rather than systematic evaluations of repre-
sentative samples of subjects. One risk in following this approach is that it may
produce, at least theoretically, a myriad of subcategories based on individual anec-
doctal cases, one phenomenologically different from another, which do not
necessarily reflect independent clinical entities. Furthermore, there may be patients
who present some features of one prototype and some others belonging to another
prototype.These cases would be forced to enter into one prototype rather than into
the other, to the detriment of a more precise phenomenic characterization.

A second limitation of this model concerns treatment implications. A strict hier-
archical approach to prototypes in terms of the severity of the bipolar component of
the illness has not been posited, and the use of a mood stabilizer for each prototype
does not follow precise guidelines. For example, gabapentin at doses of 1200mg/day
has been reported as successful monotherapy for ‘depression with protracted hypo-
mania’ (bipolar I

1

2). However, there are a number of recent studies that do not give
strong support to the use of this drug for bipolar spectrum conditions, especially the
more severe forms, unless it is employed as an adjunct to other mood-stabilizing
medications of proven efficacy (Knoll et al., 1998; Ghaemi and Goodwin, 2001).
On the contrary, a more classical combination of lithium (600mg/day) and dival-
proex (600mg/day) has been proposed to treat ‘depression with hypomania’
(bipolar II); such a treatment does not differ substantially from that proposed for
the treatment of typical bipolar I conditions. Moreover, the adoption of rigid ther-
apeutic schema based on anticonvulsants often interferes with the establishment of
an optimal treatment paradigm for bipolar depression. Substantial proportions of
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depressed patients with a history of episodes of attenuated hypomania (bipolar II
spectrum) may show a satisfactory and stable long-term outcome with antidepres-
sants not necessarily associated with mood stabilizers (MacQueen and Young,
2001). Conversely, mood stabilizers, either alone or combined with antidepressants,
may leave these patients in amild depressionwith hypersedation, a condition that is
subjectively unpleasant for the individual. Finally, no clear treatment indications
are provided for ‘hyperthymic depression’ (bipolar IV), though reported to be at
high risk of manic switches (Henry et al., 2001).

More recently, prompted by various considerations, Joffe et al. (1999) proposed a
different conceptualization of bipolar spectrum. The central thesis is that the
current notion of bipolar spectrum, as a discrete entity distinct from unipolar
depression, is artificial, not theoretically and clinically useful and not supported by
the literature.

When mania and depression coexist in the form of bipolar disorder, further
episodes of depression, which tend toworsen the illness, may lead to a chronic course
and poor prognosis. This model may have theoretical and clinical implications.
From a theoretical point of view, mania and depression are proposed as two entities
to be studied separately in their clinical and psychopathological characteristics. A
unitarian ‘spectrum’ view of bipolar illness is not contemplated by the authors.This
may lead to a better characterization of the two conditions.

Actually, these recent extreme conceptualizations suggested to us the need for
assessing manic and depressive features within a more unitary framework encom-
passing the broad range of mood spectrum manifestations.We aimed at studying
the mood spectrum, avoiding rigid theoretical positions that might lead, on the
one hand, to excessive diagnostic fragmentation of the bipolar and unipolar spec-
trum and, on the other, to drastic separation between bipolar and unipolar forms.

THEMOOD-SPECTRUM APPROACH

Baldessarini (2000) has speculated on the extreme and inappropriate widening of
the schizophrenia rubric in themiddle of the twentieth century. Based on loose clinical
criteria and on a psychodynamic stereotyped conceptualization, the expansion of the
diagnosis of schizophrenia was detrimental to the diagnosis of various forms of
psychoses pertaining to the realm of mooddisorders and, in some cases, of personality
disorders. As a consequence, chlorpromazine in variable doses was given to a large
number of subjects in which clinicians recognized vague expressions of bizarre
thinking and behaviour. Analogously ^ clinicians and researchers today should
avoid that ^ the expansion of criteria for bipolar spectrum conditions would be
reflected in a similar uncontrolled and widespread use of lithium and anticonvulsants
in the absence of clear scientific evidence of their efficacy in bipolar conditions other
thanbipolar Idisorder. At present, for instance, controlled studies and clinical experi-
ence do not support, with some exceptions, a favourable cost^benefit ratio for the
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systematic use of mood stabilizers in individuals with subsyndromal bipolar features,
cyclothymia, and bipolar IIdisorder (MacQueen andYoung, 2001).

Nevertheless, the definition of the cut-off point between unipolar and bipolar
forms ^ if it exists at all ^ still stems from a purely descriptive approach to the
varying degrees of loading for depressive and manic dimensions. Clinicians often
face a complex array of co-occurring isolated or clustered mood symptoms that
may be associated with one or more axis I or axis II conditions, giving rise to
complex clinical situations. Moreover, the DSM-IVapproach tends to trivialize or
neglect such symptoms as ‘background noise’ interfering with the primary task of
matching symptoms to diagnostic criteria. Conversely, there is evidence that failure
to recognize such symptoms may have prognostic implications.

Also, DSM-IV imposes a rigid and inflexible approach to the nosology of depres-
sion. DSM-certified main depressive categories, namely major depression and
dysthymia, do not suffice and therefore many new entities have been added. Exam-
ples are categories such as minor depression, subsyndromal depression, recurrent
brief depression, subaffective personality disorder and mixed anxiety^depression
disorder. Such categories are often introduced without rigorous validating studies;
yet they are being considered as if they were valid entities.The study of under-vali-
dated concepts runs a considerable risk of yielding invalid results that are hard to
reproduce (Van Praag,1998).

We argue that systematic study, not only of the core symptoms of depression and
mania but also of the associated aura of subthreshold and atypical manifestations,
the importance of which is usually underestimated, may be relevant to diagnosis
and treatment, and may have important theoretical significance. The term ‘spec-
trum’ has been previously used to describe relationships among clusters and
symptoms or to place a group of defined syndromes in relation to one another
(Kety, 1987; Akiskal et al., 1980; Akislal, 1983a; Hollander, 1993).We use the term
spectrum to refer to a broad area of psychopathological phenomena relating to a
single mental disorder including: (a) core atypical symptoms of the primary axis I
disorder, (b) signs, isolated symptoms, symptom clusters and behavioural patterns
related to the core symptoms that may be prodromal, may represent precursors of not
yet fully expressed conditions, or may be sequelae of a previously experienced
disorder, and (c) temperamental or personality traits (Cassano et al., 1997).

Within the context of mood disorders, our mood-spectrum approach was
primarily conceived to shed light on and reorganize the relatively undefined area
of symptomswhich stretches frommania (bipolar) toward the depression (unipolar)
realm.We hypothesize that this area of mood disorders should be better defined by
fostering a unitary dimensional model as opposed to a fragmentation into multiple
subcategories, such as, for example, depressionwithpsychotic features, post-partum
depression, protracted attenuated depressive mixed states, depression with
hyperthymic or cyclothymic temperament, depression with very brief hypomanic
episodes, isolated manic symptoms, early onset and highly recurrent depression,
seasonal depression, atypical depression, depressionwith family loading for bipolar
disorders (Akiskal et al., 2000).
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We argue that the detection of these less classical mixtures of manic-depressive
and unipolar depressive symptoms needs subtle diagnostic tools and can be
improvedby the introduction of refined assessment procedures also aimed at identi-
fying vulnerability to recurrences or to the emergence of more severe forms of
psychopathology.

In this perspective, rather than coming to a net (clear-cut) diagnostic categoriza-
tion of bipolar andunipolar conditions, we first try to conceive a spectrummodel of
mood disorders that might encompass not only subthreshold and threshold manic
and depressive phenomenologies in their various presentations, but also those
symptoms that may have occurred through an individual’s childhood, adolescence,
and adult life that may have represented precursor, prodromal, and residual forms
of a full-fledged manic or a depressive episode (Fagiolini et al., 1999).

Wewill discuss themajor implications of detecting suchmood-spectrummanifes-
tations within the framework of the process of construction and validation of a
structured clinical interview, the StructuredClinical Interview forMood Spectrum
(SCI-MOODSTM).

SCI-MOODSTM not only includes typical and diagnostic symptoms of manic,
mixed and depressive episodes but also symptoms and signs that represent precur-
sors, prodromals, residuals and other subdiagnostic conditions which may have
occurred across an individual’s lifespan. The choice of each of these elements has
been made on the basis of the existing literature integratedwith clinical experience.

The Structured Clinical Interview for Mood Spectrum:
SCI-MOODSTM

The last three decades, representing the ‘DSM era’ of psychiatry, have been
strongly characterized by a ‘splitting’ attitude of researchers toward diagnosis
and classification of mood and anxiety disorders. Though such an approach has
produced important progress, at present a reappraisal of the ‘lumping’ approach
seems to be a more suitable process for exploring and defining the phenomen-
ology of the broad area of mood disorders. In this perspective, we conceived
the spectrum model, based on an integration of both dimensional and catego-
rical approaches. We tried to give empirical support to our concept of the
spectrum by designing a structured clinical interview for mood disorders. The
principal aim of SCI-MOODSTM and MOODS-SR, its self-rated version, is to
capture the patient’s lifetime continuity of mood dysregulations through a
systematic, longitudinal assessment of mood psychopathology. In the research
field, as in clinical practice, the SCI-MOODSTM systematic approach offers a
conceptual frame of reference for the clinician to explore extensively different
depression and mania dimensions. Moreover, this approach should enable us to
better recognize and express quantitatively threshold and subthreshold psycho-
pathology. Therefore, the wide area of subthreshold and of atypicality within
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the context of mood disorders should be better and more homogeneously defined
for research and treatment aims.

The Structured Clinical Interview for Mood Spectrum (SCI-MOODSTM) has
been designed to assess awide variety of lifetimemood signs and symptoms, in order
to explore their predictive value and clinical relevance. Unlike the Structured Clin-
ical interview forDSM-IV(SCID-IVTM),which isusedtotest specific criteriaofaxis
I and IIdisorders, SCI-MOODSTM provide an assessment of awide range of mood
dysregulation, aswellasof themoreclassical symptomcriteria (Fagiolinietal.,1999).
The interview was not originally designed to enable clinicians to make operationa-
lized diagnoses according to the DSM criteria. A structured categorical interview
like the SCID,wouldbe preferable for this purpose.

SCI-MOODSTM is currently composed of 161 items, grouped into four domains
(or clusters). (1) The first domain (Rhythmicity andVegetative Functions) considers
disturbances and rhythmic changes in feelings and behaviour associated with
physical experiences such as eating, sexual activity, and sleep, including rhythmic
variations in affective and sub-affective symptoms. (2) The second domain is
devoted to energy levels (Energy) and changes in everyday activities, with parti-
cular attention to work, hobbies and social life. (3) The third domain explores
mood phenomenology from sub-clinical unipolar and bipolar depressive symp-
toms to severe mixed and manic symptoms (Mood). (4) The fourth domain
explores the cognitive changes that often occur with energy and mood dysregu-
lations (Cognition). The four domains of SCI-MOODSTM include a large
number of symptoms, signs and behaviours that may have occurred during the
individual’s lifespan. Some of these manifestations may configure typical forms
of mood disorders, as described in the DSM or ICD. More interestingly they
may occur in isolation and represent precursors or prodromals of a major
episode of illness, as well as residuals or post-episodic maladjustment phenomena
(see Table. 5.1).

Mood-spectrum Components

In the following paragraphs, wewill review the different areas fromwhich the items
of SCI-MOODSTM were derived (seeTable 5.2). Each area is analysed by exploring
systematically the relative literature andonthebasis of our clinical experience in the
field. In order to better clarify the psychopathological and clinical bases of our
mood-spectrum model, the definition and short description of each area has been
reported in separate paragraphs.

Precursors

‘Precursors’ are commonly defined as ‘signs and symptoms from a diagnostic cluster
that precede a disorder, but do not predict its onset’ (Eaton et al.,1995) (seeTable 5.3).
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Some dysregulations of energy/activity levels that characterize an individual’s
lifestylemayhave the role of precursors of amooddisorder. SCI-MOODSTM should
allow us to recognize and depict these features: nine items explore depressive mani-
festations, which can precede by many years the onset of a mood disorder, such as,
for example, brief or protracted periods of subjective feeling of slowness, slight tired-
ness or weakness, or a certain difficulty in starting the day. These symptoms are
relatively aspecific, if they are not considered within the context of a broader array.
Precursors are especially difficult for patients to recall when they are the expression
of a subthreshold hypomanic state and are related to a subjective feeling of well-
being (e.g., becoming overconfident, assertive, or more talkative and creative than
usual). Subthresholdmood fluctuations may precede the onset of a full-blownmood
episode by many years, and are labelled as ‘personality or affective temperamental
traits’ (the so-called ‘hyperthymic^cyclothymic’ background).

The SCI-MOODSTM first domain (Rhythmicity and Vegetative Functions),
explores levels of productivity, physical energy, and cognitive performance. The
items of this section depict disturbances or rhythmic changes in feelings and beha-
viours, often associated with the dysregulation of physical experiences, for instance
eating and sexual behaviours, sleep patterns.
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TABLE 5.1 The mood disorders spectrum

Typical forms (described in DSMor ICD)

Atypical forms

. Early onset

. Late onset

. Chronic forms

. Masked or covered by full-blown or spectrum comorbidity

. In ‘spcial populations’

Subthreshold manifestations

. Precursors

. Prodromals

. Residuals

. Early onset (520 years) subthreshold persistent forms

. Mono/oligo-symptomatic forms

Complicated forms

. Alcohol or substance use/abuse

. AIDS, HBV, HCV

. Illegal or ‘antisocial’ behaviours

Forms with comorbidity

. Full-blown comorbidity

. Subthreshold comorbidity



Prodromal Symptoms

The prodromal phase of a mood episode has been defined as ‘the time interval
between the onset of prodromal symptoms and the onset of the characteristic mani-
festations of a full-fledged mood episode’ (Fava,1999).

The proper appreciation of the significance of prodromals grew up two decades
ago, with the emergence of studies conducted on subjects in the community, and the
organization of mood clinics dedicated to the long-term treatment of mood disor-
ders (Barrett et al., 1978). Most findings are consistent in showing a high
prevalence of prodromal symptoms in patients with both unipolar and bipolar
disorder: manic prodromals have been identified in nearly 75% of subjects with
mood disorders; depressive prodromals have been described in 85% (Smith and
Tarrier, 1992; Keitner et al., 1996) (see Table 5.4). Prodromals seem to be
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TABLE 5.2 The mood disorders spectrum components (unipolar and bipolar)

1. Precursors
2. Prodromals
3. Typical forms
4. Residuals
5. Subthreshold episodic (incomplete expressions, subsyndromal, isolated, recurrent

or continuous manifestations)
6. Post-episodic characterological changes
7. Post-episodic maladjustment
8. Early-onset subthreshold persistent (‘lifelong’) forms (the so-called ‘affective

temperament’)
9. Atypical forms

. Atypical mania

. Masked depression

. Neurotic depression

. Age-related atypical forms

. Primary vs. secondary
10. Unipolar and bipolar sub-threshold comorbidity

. Axis I and Axis II psychiatric comorbidity

. Neurological comorbidity

. Other comorbidities

TABLE 5.3 The mood disorders spectrum precursorsa

. Hyper/hypo-somnia

. Migraine

. Sleep dysregulations

. Biological rhythm dysregulations

. Pseudo-ADHD

. Premenstrual syndrome

. Early onset persistent subthreshold mood dysregulation

aNot necessarily followed by a full-blown mood episode.



characterized by a remarkable consistency within each subject in successive
episodes of the same polarity; the concordance in different subjects is lower. For
this reason, the patient and his/her relatives are often able to recognize a new
mood episode of illness approaching days or even weeks beforehand, from the
presence of isolated symptoms already experienced in previous episodes of the
same polarity.These symptoms certainly constitute in most cases a sort of ‘warning
sign’of a new episode with a full-blown symptomatology, but they can also remain
stable for a long period, in the absence of ‘major’ episodes. In this case, the given
definition of prodromal, that implies the heralding of a full-blown episode, clearly
limits the real impact of the so-called prodromals in the individual clinical history,
which can result in his/her beingaffected in a severeway, even if these symptoms are
not directly related to a mood episode. For this reason, the assessment of isolated
symptoms recurring in a cyclical pattern and belonging to both the manic and the
depressive side, is one of the targets of SCI-MOODSTM. In the interview, mood
symptoms are listed without any relationship to the presence of a ‘full-blown’
episode. According to the authors’ mood-spectrum model, prodromals, residuals
and sub-clinical protracted fluctuations of mood, energy, cognitive performance
and neurobehavioural patterns may represent three essential components of a
persistent subthreshold phenomenology, which may also exist in the absence of a
full-blown mood episode (Fava, 1999; Cassano et al., 1999; Chien and Dunner,
1996). The lifetime assessment proposed by SCI-MOODSTM, as well as the last
month’s MOOD-SR may help the clinician to detect symptoms observed during
prodromal or residual phases. Moreover, following a lifetime perspective, those
residual symptoms thatmaybecome prodromals of amood relapsemaybe captured
(Fava,1999). Subthresholdmood phenomenology in the similar forms of precursors
and prodromals can be equally detected in the various affected and non-affected
members of the same family. In these subjects, these partial expressions of mood
disorders may represent different levels of vulnerability to the same psycho-
pathology.

Residual Symptoms and Post-episodicMaladjustment

Residuals have been defined as ‘the persistence of symptoms and signs of a definite
disorder, despite apparent remission or recovery of the full-blown episode’ (Fava,
1999). During primarily hospital-based psychiatry, the major focus of treatment
was getting the patient out of his severe episode, back into the community; so,
psychiatrists devoted little effort to detecting and treating residuals, either because
it was felt that they were‘an acceptable part of the illness’or because adequate treat-
ment tools did not exist in those days (Judd et al., 1998b). Mood episodes are
frequently followed by a persistent constellation of symptoms: 30% of bipolar I
patients and 37% of patients with bipolar II disorder, or unipolar depression have
only a partial resolution of major episodes (Cassano and Savino, 1993). Residuals
appear to be related to an increased duration of index episode, and to higher risks
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of chronic course and recurrences (76%) (Cassano and Savino, 1997), and to be
inversely related to therapeutic success (Fava, 1999; Angst, 1986; Frank andThase,
1999). Residual manic symptoms are related with lower levels of insight, andwith a
higher potential for dangerous behaviours, if compared to the depressive ones (Pini
et al., 2001). As noted before, residuals may also represent a risk factor for the onset
of a new episode, acting as prodromals. The systematic assessment of residuals
permits us to identify a wide range of mood phenomenology, which may also arise
during the lifetime of subjects who never have had (nor will develop) a full-blown
mooddisorder. In fact, an intriguing point is to understand the significance of such a
kind of residual mood phenomenology, when it is not preceded or followedby a full-
blown mood episode. Some patients, for example, seem to present with a long-
lasting residual mood symptomatology, after having experienced what we could
call ‘a subthreshold mood episode’. In these cases, residual symptomatology may
consist in isolated symptoms that may reduce subjective and objective levels of
work and social adjustment, and may be interpreted as an individual’s tempera-
mental background. In some other cases, these isolated symptoms may continue
completely unrecognized, if they are not specifically investigated.

The recognition and systematic assessment of these symptoms, which in most
cases are likely to be different from the ‘classical’ DSM-IV symptoms constituting
criteria for diagnosis (e.g., low self-esteem, lack of interest in work and hobbies,
low energy levels) (Paykel andWeissman, 1973; Paykel, 1998), submissive dependency
andabnormal levels of family attachment, long-lasting inhibited interpersonal rela-
tionships andcommunications (Bauwens et al.,1991; Goering et al.,1992; Coryell et
al., 1993), rigidity in routines, resignation from leisure activity, inhibited interper-
sonal communication and irritable disposition (Akiskal, 1981, 1983), autonomic
system irregularities, such as decreased libido, mono-symptomatic pain, easy
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TABLE 5.4 Prodromals

Manic side
. Increased psychomotor activity
. Decreased need for sleep
. Elevated mood
(Carlson and Goodwin,1973; Keitner et al., 1996)

Depressive side
. Loss of energy
. Impaired concentration
. Anergia
. Decreased self-confidence
. Morbid thoughts
(Molnar et al., 1988; Sclare and Creed,1990; Smith andTarrier,1992)

Manic and depressive side
. Unusual thought content
. Conceptual disorganization, from one to four months before
(Altman et al., 1992)



fatigability, or fear of coping/facing daily activities) should be part of the routine
clinical assessment, independently of the occurrence of a full-blown episode (see
Table 5.5).The last one to six months MOODS-SRevaluation forms give clinicians
a tool for multiple systematic assessment of residual mood-spectrum phenomen-
ology, which is often related to post-episodic levels of functional impairment,
adjustment and quality of life.

Subthreshold EpisodicMood Changes

Studies on the clinical and heuristic value of so-called ‘partial’,‘incomplete’,‘sublim-
inal’or ‘subthreshold’ forms of mood disorders have been extensively reported in the
literature.We have decided to include under the term‘subthreshold’ those conditions
which do not fulfil the diagnostic criteria of the international classifications for
mood disorders. Subthreshold depressive features aremostly associatedwith subjec-
tive distress, and are more easily recognized by patients and clinicians; indeed, a
subthreshold manic mood is often pleasant, and associated with periods of
improved productivity and better functioning: its perception is ego-syntonic even
when cognitive and behavioural patterns have changed significantly from the indi-
vidual baseline (Cassano et al., 1999). Higher levels of productivity, sociability and
energy, are not remembered by the patient as ‘harmful’, and, for this reason, are
never mentioned to the clinician.

SCI-MOODSTM explores in a systematic manner the presence of subthreshold
expressions of mood-spectrum disorders, along the entire lifetime.The instrument
assesses mood, energy, psychomotor and neurovegetative dysregulations, on both
the depressive and the manic side. The organization of SCI-MOODSTM into the
four abovementioned domains, reflects this a priori approach. Patients are ques-
tioned as to whether they feel extremely clever, happy, productive, confident,
exuberant, irritable or arrogant, only at certain times of the day, or night, or in
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TABLE 5.5 Mood residuals in patients with a manic or mood episode in remission

Manic residuals
. Behavioural
. Cognitive
. Mood
. Neurovegetative
. Social

persistent hyperactivity, energy levels
feeling guilty, fear of relapse/recurrences
sadness, feeling worried
sleep dysregulations
poor capability in establishing good interpersonal relationships

Depressive residuals
. Behavioural
. Cognitive
. Mood
. Neurovegetative
. Social

slowness in everyday activities (especially in work)
fear of relapse/recurrences, low self-esteem
irritability, anxiety
low energy levels
reduced social interaction capability

Modified fromKeitner et al. (1996).



certain seasons.Variations in interests, efficiency, sleep patterns or physical energy
are explored over the course of the year or even over the course of the day, from
childhood to adulthood, in relation to the change of seasons, to jet-lag, or over the
course of the menstrual cycle (seeTable 5.6). Such mood, energy, psychomotor and
neurovegetative episodic subthreshold dysregulations, even if ego-syntonic and
adaptive,may represent abackground vulnerability for a full-fledgedmoodepisode
of bothmanic and depressive polarity.The spectrum approach to sub-clinical mood
changes overcomes the rigid unipolar^bipolar distinction: at this level of severity,
the dimensional model responds better to clinical and heuristic needs.

SubthresholdMoodDysregulations: from Persistent Lifelong Characterological

Changes toAcquired Lifestyles

We argue that mood spectrum symptoms andbehaviours may occur as early-onset,
prodromal, and residual symptoms, and as persistent subthreshold conditions
related to the full-blown manifestations of a mood disorder. From such a perspec-
tive, the individual’s lifestyle may result as partially determined by the presence of
long-lasting, unrecognized areas of mood psychopathology, responsible for dys/
functional marital, work, and other psychosocial relationships (Frank et al., 1998).
Paradigmatic is the case of a gloomy person with a joyless disposition, guilt-prone,
with low levels of sexual drive, lethargy, and instability of self-esteem, the conse-
quence of an enduring subthreshold depressive form, which never reached the
threshold of a full-blown episode. Conversely, when subthreshold bipolar manifes-
tations are present, they can be experienced as ego-syntonic, and not even noticed.
Many of these subjects, define themselves as ‘unreliable’, absolutely ‘unpredictable’
regarding the quality of their social, sexual andwork performances, but they do not
want to be called ‘moody’. Their lifestyle is mainly characterized by ‘day in^day
out’, often related to sleep patterns. However, the ego-syntonic perception of these
manifestations does not reduce the risk of the appearance of a fully syndromal
disorder.

SCI-MOODSTM assesses in a systematic manner the so-called individual
acquired lifestyle or temperamental traits in a different perspective.This assessment
in most cases may reveal subthresholdmood dysregulations that usually range from
a subsyndromal depressive state to an attenuated manic condition. In most of these
subjects, the ‘constant in life’ is represented by one (or more) of the following condi-
tions: (1) a sub-continuous up and down, from lethargy, anergia, hypersomnia, to
intense activity, energy and hyposomnia; from the ‘fast way of thinking’and ‘over-
confidence’ to‘slowness’and ‘indecisiveness’ (Akiskal’s ‘cyclothymic temperament’);
(2) a stable subthreshold depressive condition (Akiskal’s ‘depressive temperament’);
(3) a stable hypomanic mood (Akiskal’s ‘hyperthymic temperament’).

The complexity of the picture offered by the single patient can be adequately
described by SCI-MOODSTM, which detects and records a wide number of traits
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and symptoms and provides the clinician with a refined descriptive ‘profile’ of the
single individual leading to a profound sense of ‘being understood’ on the part of
the patient.

The ‘Atypical Side’ofMood Spectrum

The various categories of mood disorders are defined by the presence of easily
recognizable mood symptoms. However, their stereotypic rigidity has resulted in
the failure to identify the full range of symptoms and syndromeswithwhich patients
may present. So the term ‘atypical’ has been utilized to describe those conditions
which were difficult to accommodate in the DSM or ICD diagnostic criteria, and
‘liable to be consigned to some wastepaper basket category’or even ignored (Roth,
1992). Therefore, recognizing and assessing atypical mood signs/symptoms and
atypical mood syndromes may represent a valuable adjunct to categorical methods
of diagnosis and classification. On the atypical side of the mood spectrum are
included: (1)mood symptoms, signs, orbehaviours not listed in theDSM-IVcriteria
for hypo/manic, mixed or depressive episodes, but commonly seen in clinical popu-
lations (Cassano and Savino, 1997); (2) subthreshold mood dysregulations: forms
with a limited number of symptoms (oligo- or mono-symptomatic forms) or with
brief duration (e.g., three to five days); (3) subthreshold mood disorders mixed,
covered or masked by threshold or subthreshold comorbidity for other psychiatric
disorders; (4) mood symptoms in comorbidity with drugs or substance or alcohol
abuse, mainly characterized by impulsive risk-taking traits, and cyclicity of mani-
festations.They may lead to dangerous behaviours (Geller and Luby,1997; Brady et
al., 1998; Pliszka et al., 2000; Perretta et al., 1996; Cassano et al., 2000) when poor
development of judgement abilities, the feeling of being untouchable by any peril,
and low levels of harm avoidance tend to prevail (Pliszka et al., 2000); (5) mood
symptoms and signs combined with or masked by physical (e.g., neurological)
disorders or physiological conditions (e.g. pregnancy); (6) age-related forms:
presentations of mood spectrum in infancy, childhood or the elderly. In fact, during
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TABLE 5.6 SCI-MOODSTM items exploring subthreshold episodic mood changes

. Feel a strong desire to reconnect with people you had not seen or spokenwith for a long time

. Overly talkative, speak rapidly or loudly, or be difficult to interrupt

. Constantly active and have the pleasant sensation of never getting tired

. Overactive and have such high energy that it sometimes exhausted or irritated others

. Enjoy making many jokes (even if inappropriate or out of place)

. Wear clothing or a hairstyle that is dramatic, extravagant, very high fashion or very unusual

. Tend to behave in an oppositional way or play the devil’s advocate

. Rarely have periods free of abrupt shifts from one brief subthreshold bipolar phase to another

. Feel as if others were causing all of your problems

. Behave overconfidently and in an uninhibited manner

. Have diurnal and/or seasonal rhythmic variations of any or all of the above



childhood and adolescence, mood disorders may be characterized by temporary
forms of psychomotor agitation in the absence of evident mood symptoms, abrupt
antisocial behaviours (young people suddenly transformed into ‘wild people’)
(Carlson,1990), episodic outburst of rage in situations of overstimulation (‘episodic
irritability’), fluctuations of energy levelswithpseudo-conduct features, or phases of
psychomotorhyperactivity alternatingwithphases inwhich neurovegetative altera-
tions tend to be prominent (Egeland, 2000).

Among the elderly, atypical features are mainly related to medical diseases
preceding and triggering (or following and complicating) the course of both condi-
tions (Catinci et al., 1997; Mayou et al., 2000).

All these atypical presentations of mood spectrum may characterize ‘special
populations’of patients, with less predictable clinical course and response to treat-
ment, or peculiar (often dangerous) behaviours and lifestyles (Cassano et al., 2000).
In these subjects, mood symptoms may remain undetected, masked or misdiag-
nosed by more ‘visible’ manifestations. So, an accurate detection of mood,
psychomotor, vegetative and cognitive dysregulations may be useful to centre clin-
ician attention, and to recognize the presence of a mood-spectrum disorder.
Nevertheless, the use of SCI-MOODSTM in atypical populations needs to be tested.
We envision a number of potential uses of the interview in this specific area, fromthe
improvement of treatment selection, to the development of better strategies for
outcomes measurement, to monitoring the course of different patterns of mood
symptoms.

CONCLUDING REMARKS

The insufficiency of threshold psychiatry is clearly demonstrated by the frequency
and clinical relevance of the so-called ‘subthreshold depressive syndromes’.
Although data from epidemiological literature are in general consistent in showing
the relatively more favourable outcome of minor mental disorders as compared to
threshold ones, a considerable proportion of cases with subthreshold forms of
depression may have a negative outcome or a tendency to transit into a threshold
mental disorder (Simon andVonKorff, 1995; Tiemens et al., 1996). However, there
seems to be a clear tendency on the part of physicians to detect patients with more
severe psychiatric illness, while minor psychiatric conditions tend to remain unrec-
ognized and unmanaged (Ormel et al., 1991; Coyne et al., 1995; Pini et al., 1997).

In psychiatric settings, depressive symptoms, though of low severity, are easily
recognized as such. However, these subthreshold syndromes are, at best, defined in
a negative light, i.e. as cases notmeeting the threshold for anyDSM-IV (APA,1994)
or ICD-10 (WHO, 1992) diagnosis; they should, instead, be defined ‘positively’on
the basis of the subtle symptomatology, clinical course and functional impairment
that they may produce.

Subthreshold and enduring symptomatology, with an onset in childhood or
adolescence, turned out to be linked with subsequent, later-onset major episodes so
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that the hypothesis which has been proposed represents the subtle symptomatology
as the basic nuclear core that, by interacting with the environment, generates the
full-blown disorder (Akiskal, 1983b). According to this view, the disease is initially
expressed at a‘temperamental’ level or, more precisely, as a subthreshold symptom
pattern.Whether an early detection of such subtle background phenomenology is of
value for predicting subsequent more serious, life-disrupting symptomatology
remains unclear.

The findingsdescribed inthis chapter shouldalsobe interpreted inthe lightof recent
debate and a reappraisal of the importance of mental illness in non-psychiatric
settings. It has been argued that minor mental disorders seen in primary care have a
high likelihood of spontaneous recovery (Goldberg, 1992; Katon et al., 1994; Katon,
1995; SimonandVonKorff,1995). Some recent studies suggest thatoutcomes ofmental
disorders inprimarycare arenot simply relatedto their initial severityandthat recog-
nition is not always associated with a better outcome. Future efforts by researchers in
the field should not be only addressed to improve physicians’ ability to detect and
treat formal mental disorders. Abetter understanding of what comprises the defini-
tionof subthreshold forms of depressionandwhat psychopathological conditions are
considered to deserve attention and treatment shouldbe taken into account.

Subthreshold psychopathology and comorbidity undermine current nosologies,
from two opposite viewpoints: comorbidity seems not to leave space for ‘pure’ or
sharp and delimited diagnostic categories.The description of subthreshold forms is
continuously lowering the cut-off point of each‘discrete’disorder.We believe that a
spectrumapproach, thus in noway rejecting the DSM categories, maycontribute to
better face these two problems. From typical to atypical presentations, from full-
blown to subthreshold forms, from ‘pure disorders’ to full-blown or subthreshold
comorbidity, a spectrum approach could provide an operational conceptual model
useful to improve the description of each categorical entity.

In the area of mood disorders, the spectrum approachmay contribute to the solu-
tion of another problem: how to override the unipolar^bipolar distinction
(Cassano et al., 2002). In fact, cut-off between bipolar and unipolar disorders is
still undefined, with relevant impact on research as on treatment. Several cut-off
points have been posed, but, in the absence of a list of reliable external validators,
their validity is related only to operational criteria, and to the capacity to represent
clinical reality. So, current categorical approaches are still partially reliable and
clinically weak. The combination between the categorical and the dimensional
approach seems to be the most suitable solution to overcome such a practical
problem. The assessment of mood dysregulations in a lifelong perspective, by
focusing on distinct evolving steps of mood phenomenology, reduces the ‘entropy
level’ produced by the effort of splitting mood symptoms into ‘unipolar’ versus
‘bipolar’. If implemented and integrated with the categorical approach, the dimen-
sional model permits us to direct the effort to a different aim, and to promote a
unitary view of mood disorders.

As an atheoretical and strictly operational model, our mood spectrumpermits us
to discriminate between a depressive episode ‘tout-court’ and a depressive episode
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on a subthreshold bipolar background, or vice versa, to improve the recognition of
signs and symptoms of both manic and depressive dimensions. These two main
mooddimensions are commonly considered in clinical practice, when co-occurring
with other mental disorders, namely schizophrenia, anxiety disorders, drug abuse
or personality disorders. During the course of an anxiety disorder, mood symptoms
can manifest themselves as threshold or subthreshold, manic or depressive dysregu-
lations, triggered by the drugs (e.g., antidepressants for the manic dimension or
antipsychotics for the depressive dimension) administered for the treatment of the
‘primary’disorder.

As a paradox, the co-occurrence of subthreshold manic features into the area of
the traditionally defined ‘unipolar’ disorders, such as MDE and dysthymia,
provided only a growing constellation of categories, splitting what could be better
defined with a unitarian dimensional approach.

Fluctuations of energy levels, neurovegetative changes, psychological drives,
dysregulations in psychomotor activity, rhythmic and seasonal patterns of symp-
toms can be utilized to unify, instead of separate, the unipolar and the bipolar side.
Greater clinical weight needs to be attributed to subthreshold and atypical manic
features during the lifetime course of unipolar depression, with a reevaluation of
subthreshold bipolar manic components both in treatment and in research perspec-
tives.This process will not lead to a continuous erosion of the unipolar categorical
subtypes, because of the progressive widening of bipolar symptoms, but not of the
depressive dimension ‘per se’, which, conversely, will result in being better defined.

The mood-spectrum model described in this chapter is based on a dimensional
approach to mood disorders and permits a unitarian assessment of the global mood
phenomenology, thoughmaintaining most of the traditional categorical nomencla-
ture.The SCI-MOODSTM, that we are proposing, has turned out to be suitable for
such purposes. In fact, this instrument could provide clinical and experimental
foundations with a conceptual operational frame of reference to a model ^ the
mood spectrum ^ whose borders should be continuously subject to dynamic revi-
sion.
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_________________________ 6
Suicidal Behaviour

Diego De Leo and Kym Spathonis
Australian Institute for Suicide Research and Prevention, Griffith University, Queensland, Australia

Between1950 and1995 suicide rates have increasedby 60%worldwide, and in1998
represented1.8% of the total global burden of disease (WHO,1999). Suicidal beha-
viour constitutes a significant public health problem, and in many countries, suicide
rates, particularly those among younger age groups, equal or exceed the number of
deaths causedby roadaccidents (WHO,1999). Suicide currently stands as one of the
three leading causes of death among individuals aged 15^34 years in all countries
that report mortality data on suicide to the World Health Organization (WHO,
1999).

Premature death through suicide results not only in the direct loss of life, but also
places a burden upon national economic productivity and resources in both
primary and secondary health care settings (Schmidtke, 1997).Those bereaved by
suicide (e.g., family, friends andwork colleagues) may also endure emotional, social
and economic turmoil, and in some cases the impact of suicide on survivors may
manifest itself in suicidal behaviour.

Attempted suicide is 10^20 times more frequent than completed suicide, and in
many cases results in the need for medical attention (Moscicki, 1985). However,
suicidal behaviours, which extend from feelings that ‘life is not worth living’ to
suicide attempts and completed suicide, are provoked by a multiplicity of factors
that, to date, have hindered efforts to predict and obstruct their occurrence.

ON DEFINITIONS OF SUICIDAL BEHAVIOUR

Originally, the term suicide was devised by Sir Thomas Browne and first
published in Religio Medici in 1643. Albeit little used at first, the term was
founded on Latin sui (of oneself ) caedes (killing), and had become an established
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noun and verb by the mid-eighteenth century. Over time, there has been much
disagreement about the appropriate conditions which satisfy the classification of
suicide. Since Religio Medici, the gamut of clauses that exist to define suicide
synonymously acknowledge that death is both self-inflicted and intentional. For
example, Emile Durkheim (1897) suggested that suicide constitutes ‘all those
death cases directly or indirectly resulting from a positive or negative act of the
victim, who is aware of the consequences of its behaviour’. In 1973, Edwin
Shneidman defined suicide as ‘the act of intentionally self-inflicting one’s own
life cessation’ (Shneidman, 1985) ^ a definition that has been quoted extensively
over time. More recently, theWorld Health Organization adopted ‘fatal suicidal
behaviour’ as the result of an act deliberately initiated and performed by a
person in the full knowledge or expectation of its fatal outcome.Yet, not all indi-
viduals who die by suicide may have intended to die and not all individuals who
survive a suicide attempt may have intended to live.

‘Passive suicidal behaviours’ such as the refusal to eat or drink, or comply with
medication regime, which may result in death, may not necessarily be synonymous
with the intent to die. The complexities associated with determining deaths as
suicides are also heightened in the absence of clear verbal indications before death,
or suicide notes found after death.

Attempted suicide (non-fatal suicidal behaviour) hasbeen definedas apotentially
self-injurious action with a non-fatal outcome for which there is evidence, either
explicit or implicit, that the individual intended to kill him/herself. The action
may or may not result in injuries (O’Carroll et al., 1996).The outcome of non-fatal
suicidal behaviour varies depending on intention, preparation, knowledge of the
lethality of the chosen method and coincidental factors (e.g. rescue or intervention)
(Kerkhof, 2000). Other terms such as parasuicide, self-injury or deliberate self-harm are
not implicitly associatedwith the intent to die, nor are theyconceivedas suicidal acts
or gestures in the patient’s perception of the event, the proposed function of the
behaviour, and the associated features (Firestone and Seiden,1990).

Suicidal ideation may be associated with suicidal thoughts and feelings ranging
from a dissatisfactionwith life, thoughts of death and killing oneself, feeling that life
is not worth living, being tiredof life, andwishing to die. Suicidal ideation is thought
to constitute part of a continuum ranging from death wishes, suicidal ideation and
planning, to suicide attempts and completed suicide.

THE RELIABILITYOF SUICIDE STATISTICS

On a worldwide scale, there is an absence of standardized criteria for the
classification of deaths by suicide. In the absence of routine, scientific procedures
which can provide ‘objective’evidence to classify a death as a suicide (e.g. autopsies),
officials are not likely to recorda‘borderline’suspicious death as a suicide. Stigmaon
the family, legal sanctions against suicide, political pressures, or practical considera-
tions of insurance compensationmay predispose coroners andmedical examiners to
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avoid the classification of suicide (Pescosolido and Mendelsohn, 1986). Hence,
suicide is often under-reported (Tsuang and Simpson, 1985) and many actual
suicides are recorded by coroners as accidental death (Brooke and Atkinson, 1974)
or open verdicts, that is, verdicts indicating possible but not proven suicide (Shaw
and Sims,1984).

Suicide statistics are reported by many nations to theWorld Health Organization
(WHO); however, several countries, particularly from Africa, the Middle East,
and Central and South America, do not have available epidemiological data. For
countries that do report mortality statistics to the WHO, the validity of official
suicide data is wide-ranging.

Variability in defining and reporting cases has called into question the reliability
of official rates in some countries (Sainsbury and Jenkins, 1982; Farmer, 1988). In
particular, countries like Austria and the Netherlands generate suicide data of high
quality, whereas other countries, most notably Finland, Greece, Israel, Ireland, and
the United Kingdom, provide data of a nature that is subject to misclassification
within certain sub-populations, especially the 15^24 and 75 years and older age
groups (Rockett andThomas,1999).

Social implications of suicide may reduce the likelihood of the reporting of
suicidal behaviour in some regions, particularly where religious and cultural
sanctions condemn suicidal behaviour and stigmatize relatives of individuals who
die by suicide or make a suicide attempt. In other cases, suicide may be deliberately
masked as an accident, particularly in the case of one-occupant motor vehicle
crashes and drug overdoses. In such circumstances the death may often be
misclassified as ‘accidental’.

Studies conducted on populations undifferentiated by age, however, suggest that
official suicide data are spatially and temporally reliable enough for comparative
scientific research (Sainsbury and Jenkins, 1982). Nonetheless, taking these
aforementioned factors into consideration, the interpretation of available suicide
statistics, in anycontext, mustbe construedwith extreme cautionanda discernment
of the reliability and sensitivity of suicide certification.

EPIDEMIOLOGYOF SUICIDAL BEHAVIOURS

Suicide

International rates of suicide differ significantly; however, epidemiological studies
have observed elevated rates of suicide in some Asian andWestern Pacific regions,
and highest rates in Eastern European nations.Table 6.1presents the rates of suicide
by year and gender for countries reporting suicide statistics to theWorld Health
Organization, for the most recent year available (WHO, 2003).

Suicide rates in Eastern Europe have increased in recent years and are in general
substantially higher than countries inWestern Europe (Sartorius, 1995). However,
the rank ordering of suicide rates in European countries has remained remarkably
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TABLE 6.1 Suicide rates (per 100 000), by country, year and gender for the most recent year
available (WHO, 2003)

Country Year Total Males Females

African countries
Mauritius 1999 15.3 21.1 9.5
Sa‹ oTome¤ and Principe 1987 0.9 0.0 1.8
Seychelles 1987 13.2 9.1 0.0
Zimbabwe 1990 7.9 10.6 5.2

American countries
Argentina 1996 6.4 9.9 3.0
Bahamas 1995 1.1 2.2 0.0
Barbados 1995 6.5 9.6 3.7
Belize 1995 6.5 12.1 0.9
Brazil 1995 4.1 6.6 1.8
Canada 1997 12.3 19.6 5.1
Chile 1994 5.7 10.2 1.4
Colombia 1994 3.5 5.5 1.5
Costa Rica 1995 5.9 9.7 2.1
Cuba 1996 18.3 24.5 12.0
Ecuador 1995 4.8 6.4 3.2
El Salvador 1993 7.9 10.4 5.5
Guatemala 1984 0.5 0.9 0.1
Guyana 1994 10.5 14.6 6.5
Jamaica 1985 0.3 0.5 0.2
Mexico 1995 3.1 5.4 1.0
Nicaragua 1994 3.4 4.7 2.2
Panama 1987 3.8 5.6 1.9
Paraguay 1994 2.3 3.4 1.2
Peru 1989 0.5 0.6 0.4
Puerto Rico 1992 8.7 16.0 1.9
Saint Lucia 1988 7.5 9.3 5.8
Surinam 1992 11.9 16.6 7.2
Trinidad andTobago 1994 11.6 17.4 5.0
United States of America 1998 11.3 18.6 4.4
Uruguay 1990 10.3 16.6 4.2
Venezuela 1994 5.1 8.3 1.9

Southeast Asian countries
India 1998 10.7 12.2 9.1
Republic of Korea 2000 13.6 18.8 8.3
Sri Lanka 1991 31.0 44.6 16.8
Thailand 1994 4.0 5.6 2.4

European countries
Albania 1998 4.9 6.3 3.6
Armenia 2000 1.6 2.5 0.7
Austria 2000 19.6 29.3 10.4
Azerbaijan 2000 0.8 1.2 0.4
Belarus 1999 34.0 61.1 10.0
Belgium 1995 21.3 31.3 11.7
Bulgaria 1999 15.9 24.1 8.1
Croatia 2000 21.1 32.9 10.3
Czech Republic 2000 16.1 26.0 6.7
Denmark 1998 14.4 20.9 8.1
Estonia 1999 32.5 56.0 12.1
Finland 1999 23.4 37.9 9.6
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TABLE 6.1 (Continued)

Country Year Total Males Females

European Countries (continued)
France 1998 17.9 27.1 9.2
Georgia 2000 2.9 4.8 1.2
Germany 1999 13.6 20.2 7.3
Greece 1998 3.8 6.1 1.7
Hungary 2000 32.6 51.5 15.4
Iceland 1997 12.2 19.1 5.2
Ireland 1998 13.4 23.1 3.9
Israel 1997 6.5 10.5 2.6
Italy 1998 7.8 12.3 3.6
Kazakhstan 1999 26.8 46.4 8.6
Kyrgyzstan 1999 11.6 19.3 4.0
Latvia 2000 32.4 56.6 11.9
Lithuania 2000 44.1 75.6 16.1
Luxembourg 2000 14.4 22.2 6.7
Macedonia FYR 2000 7.4 10.3 4.5
Malta 1999 7.1 11.7 2.6
Netherlands 1999 9.6 13.0 6.3
Norway 1998 12.4 18.2 6.7
Poland 1999 15.0 26.1 4.5
Portugal 2000 5.1 8.5 2.0
Republic of Moldova 2000 14.9 26.7 4.1
Romania 2000 12.6 21.2 4.5
Russian Federation 1998 35.5 62.6 11.6
Slovakia 2000 13.5 22.6 4.9
Slovenia 1999 29.9 47.3 13.4
Spain 1998 8.3 13.0 3.8
Sweden 1998 13.9 20.1 7.8
Switzerland 1996 20.2 29.2 11.6
Tajikistan 1995 3.5 5.1 1.8
Turkmenistan 1998 8.6 13.8 3.5
Ukraine 2000 29.6 52.1 10.0
United Kingdom 1999 7.5 11.8 3.3
Uzbekistan 1998 6.8 10.5 3.1
Yugoslavia 1990 15.3 21.6 9.2

EasternMediterranean Countries
Bahrain 1988 3.1 4.9 0.5
Egypt 1987 0.0 0.1 0.0
Iran 1991 0.2 0.3 0.1
Kuwait 2000 1.6 1.6 1.6
Syrian Arab Republic 1985 0.1 0.2 0.0

Western Pacific Countries
Australia 1999 13.1 21.2 5.1
China (selected rural and urban areas) 1998 14.1 13.4 14.8
China (Hong Kong SAR) 1999 13.2 16.7 9.8
China (mainland, selected rural areas) 1998 23.3 21.9 24.8
China (mainland, selected urban areas) 1998 6.8 6.8 6.8
Japan 1999 25.1 36.5 14.1
New Zealand 1998 15.1 23.7 6.9
Philippines 1993 2.1 2.5 1.7
Singapore 2000 9.5 12.5 6.4



stable over time (Makinen andWasserman, 1997). The highest rates of suicide in
Eastern Europe have been observed in Lithuania (44.1 per 100 000), Russian
Federation (35.5 per 100 000), Belarus (34.0 per 100 000), Hungary (32.6 per
100 000), Estonia (32.5 per 100 000), Slovenia (29.9 per 100 000) and Ukraine
(29.6 per 100 000).

In Southeast Asia, Sri Lanka also report high levels of completed suicide (31.0 per
100 000), as doWestern Pacific countries China (mainland) (23.3 per 100 000) and
Japan (25.1per 100 000). Overall, the lowest rates of suicide observable are located
among the general population in Eastern Mediterranean, American and African
regions. For the most recent year available, Egypt (0.0 per 100 000), Syrian Arab
Republic (0.1 per 100 000) and Iran (0.2 per 100 000) reported the lowest rates of
suicide, followedby Sa‹ oTome¤ and Principe (combined) (0.9 per100 000). American
nations reporting low rates of suicide includeJamaica (0.3 per 100 000), Guatemala
(0.5 per100 000) and Peru (0.5 per100 000) (WHO, 2003).

Male rates of suicide are highest in European countries Lithuania (75.6 per
100 000), Russian Federation (62.6 per 100 000), Belarus (61.1per 100 000), Latvia
(56.6 per 100 000), and Hungary (51.5 per 100 000). Lowest rates are reported in
Africa: Sa‹ o Tome¤ and Principe (0.0 per 100 000); the Eastern Mediterranean:
Egypt (0.0 per 100 000), Syrian Arab Republic (0.1 per 100 000) and Iran (0.2 per
100 000); and America: Jamaica (0.5 per 100 000), Peru (0.6 per 100 000) and
Guatemala (0.9 per 100 000).

China reports the highest rates of suicide among females across all age bands
(24.8 per 100 000) followed by Sri Lanka (16.8 per 100 000), Lithuania (16.1 per
100 000) andHungary (15.4 per100 000). Currently China is the only world nation
where female rates exceed the rates of suicide for males, particularly in rural
regions. Over the period 1987^1996, rural Beijing reported higher rates of suicide
among women aged 15^24, 25^34, and 35^44 years compared to men (Yip, 2001),
and female rates in urban areas exceeded those of males in the 45^54 and 55^64
year age brackets (Yip, 2001). Recent evidence also shows a disproportionate
number of women aged 75 years and older in rural China at a heightened risk of
completing suicide compared to women in English-speaking countries (Qin and
Mortensen, 2001; Pritchard and Baldwin, 2002). Lowest rates of suicide among
women are reported in Eastern Mediterranean countries Egypt (0.0 per 100 000),
Syrian Arab Republic (0.0 per 100 000) and Iran (0.1 per 100 000); in Seychelles,
Africa (0.0 per 100 000); and in American nations Guatemala (0.1 per 100 000)
and Peru (0.4 per 100 000).

The most striking epidemiological feature of suicidal behaviour in many nations
is the increasing rate of suicide with age; however, this pattern is not found in every
nation (see Figure 6.1). Until recently, suicide was a phenomenon with rates
ubiquitously peaking in the elderly, and mainly among men. However, current
rates of suicide among young people are the highest in a third of all countries, both
developed and developing (WHO, 1999). In recent time, an increase in suicide
among individuals aged15^24 years and a subsequent decline in the rates of suicide
among the elderly has been observed, particularly in Anglo-Saxon nations such as
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Australia, New Zealand, Canada and the USA (Gulbinat, 1995). Contrary to this,
suicide rates over the last 30 years have observed a relevant increase in suicide in old
age in a number of Asian and Latin nations, with an almost parallel decrease in
suicide rates in Anglo-Saxon countries.

Despite the high rates of suicide reported in older age, the absolute numbers of
suicides reported are highest among those aged 25^44 years, a trend which is
currently observable worldwide (De Leo et al., 2002a). This observation has
changed remarkably over the last half-century, when also the absolute number of
cases of suicide roughly increased with age (De Leo et al., 2002a).

In general, the male female ratio of suicide increases with age, from approxi-
mately 3:1 in young people up to 12:1 among those over the age of 85 (De Leo,
1997). However, the gender ratio differs somewhat between countries. In Anglo-
Saxon nations (e.g. New Zealand, Canada, Australia, and also Scotland and
Ireland), the male^female ratio is typically 4^5 times higher in men in both young
and old age groups. On the contrary, Latin nations have experienced a lower male^
female ratio of suicide in younger age (approximately 3:1), which increases to a
higher ratio in older age (e.g. 6:1 in Portugal, 4:1 in Italy and Spain and 5:1 in
Belgium and France) (De Leo, 1997).This phenomenon, however, does not extend
to every Latin orAnglo-Saxon nation.

Attempted Suicide

Attempted suicide may occur 10^20 times more frequently than completed suicide
(Moscicki, 1985), with rates more elevated among females compared to males. In
the general population, several studies have investigated the lifetime prevalence of
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Figure 6.1 Global suicide rates (per 100 000) by gender and age, selected countries, 1995
(WHO,1999)



attempted suicide. Paykel and colleagues (1974) observed a1.1% lifetime prevalence
of suicide attempts in the general population of New Haven, USA. The NIMH
Epidemiologic Catchment Area Study (Moscicki et al., 1988), Maryland, USA,
found a 2.9% lifetime prevalence of attempted suicide among the general popula-
tion of adults aged18 years and older. Other studies indicate a lifetime prevalence of
4.6%among individuals aged15^54 years in Boston,USA (Kessler et al.,1999), and
5.1% among individuals aged18 years and older in Latvia (Rancans et al., 2003).

Significantly higher rates of attempted suicide have been reported in hospital
settings, with some regions reporting rates of 124.7 per 100 000 (USA) (Birkhead
et al., 1993), 149 per 100 000 (Latvia) (Rancans et al., 2001), and 335 per 100 000
(Re¤ union Island, France) (Duval et al.,1997).TheWHO-EUROMulticentre Study
on Suicidal Behaviour (Schmidtke et al., 1996) investigated the epidemiology of
suicide attempts in 16 centres in 13 European countries during the period 1989^92.
The average age-standardized rates of attempted suicide amongmales were highest
in Helsinki, Finland (314 per100 000), and the lowest rates in Guipuzcoa, Spain (45
per 100 000), representing a seven-fold difference.The highest average female age-
standardized rates were found in Cergy-Pontoise, France (462 per100 000), and the
lowest also in Guipuzcoa, Spain (69 per 100 000).

Attempted and completed suicide incidence rates exhibit opposing tendencies
with respect to age: whilst the incidence of suicide rises as age increases, attempted
suicide tends to decrease reaching lowest levels among the elderly (De Leo et al.,
2001). Suicide attempts are four times more frequent among women aged 15^34
years compared to women 65 years and older, and the young/elderly ratio in males
is approximately 3 to1 (Schmidtke et al., 1996).

Suicide attempt methods employed by women of all ages most frequently involve
drug overdose, particularly benzodiazepines and hypnotics in older age (De Leo et
al., 2001), and analgesics among youth (Michel et al., 2000). In general, men
employ ‘harder’ suicide attempt methods such as hanging, jumping from a height
and firearms (De Leo et al., 2001). Few studies have investigated the cross-cultural
variation of methods employed in suicide attempts.

Internationally, suicide attempt rates may be grossly underestimated. A measure
of the true prevalence or incidence of suicide attempts may be difficult to gauge due
to the fact thatmanycalculations are derived frompopulations of suicide attempters
who are admitted to hospital or present to a health care facility. Moreover, the
lethality of a suicide attempt may not necessitate immediate medical attention, nor
may the individual wish to seek mental health services in the time subsequent to a
suicide attempt. Aswell as this, reporting of suicide attemptsmay also be affectedby
the age of the attempter, access to health care, and a cultural condemnation of
suicidal behaviour; factors, which may both mask suicidal behaviour and lessen
the likelihood of health care service utilization.
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Suicidal Ideation

Epidemiological studies indicate that lifetime experience of lifeweariness anddeath
wishes may be prevalent among12.5% of the general population (Renberg, 2001),
and between 4.8% (Paykel et al., 1974) and 15.9% (Schwab et al., 1972) may
experience suicidal ideation in a lifetime. Higher rates of suicidal ideation have
been observed among younger and older age groups in the community compared
to the general population. For example,Wunderlich and colleagues (2001) found
that of a total sample of 4263 subjects aged15^24 years, 22.6% had thoughts about
suicide, and 15% had the wish to die for a period of two weeks or more, with
significantly higher rates observed among females in both realms. Overall, studies
have found that the lifetime prevalence of suicidal ideation among adolescents
ranges from 15% to 53% (Diekstra and Gulbinat, 1993). Death thoughts and
suicidal ideation among the elderly aged 65 years and older in the general
community population reportedly range from 2.3% to 15.9% (Jorm et al., 1995;
Skoog et al., 1996).

RISK FACTORS FOR SUICIDE

Demographic and Sociocultural Factors

Gender

Between genders, the risk of suicide is greater among males.With the sole exception
of China, male suicide rates in all nations outnumber rates for females. InWestern
nations such as Greece, Mexico and the United States, male suicides outnumber
female suicides three- to five-fold (WHO, 2001). In Asia, the gender gap is
narrower, where the difference tends to be less than twofold (WHO, 2001).

The gender difference in suicide risk may be attributed to a range of factors,
which, on the one hand, render males at a higher risk, and on the other, operate to
protect women. Compared to females, a higher rate of alcoholism (Rich et al.,1988)
and comorbid depression, alcohol and/or substance abuse disorder (Rihmer et al.,
1995) has been observed among males. In accord, men are also more likely to use
alcohol during suicide completion, and alcohol intoxication has been associated
with the increased likelihood of the use of a gun in suicides completed by males,
but not for females (Brent et al., 1999). A greater likelihood of men employing
irreversible methods of suicide (e.g. firearm) compared to common methods used
by women (e.g. drug overdose) may also significantly increase suicide risk (Stengel,
1964).

In a study conducted by Murphy (1998), women were more likely to experience
episodes of major depression, but were 25% less likely thanmen to complete suicide.
This may be explained by a greater tendency for women to verbally express
psychological pain, seek help for psychiatric symptoms and receive treatment as a
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result (Murphy,1998). A lesser tendency for men to verbalize feelings of depression,
hopelessness and suicidality, particularly in older age, may be related to social
norms which foster the internal harbouring of psychological pain, and perceive
help-seeking as an act of weakness (Murphy, 1998) and a declaration of
incompetence (Tannen,1990).

Ethnicity

Suicide rates vary between countries and across various racial andethnic groups. In
manycountries, the prevalence of suicide amongCaucasians is approximately twice
that observed in other races (Moscicki, 1985). For example, a higher prevalence of
completed suicide has been documented among Caucasians in South Africa and
Zimbabwe (Lester, 1998) and among African Americans recently in the United
States (NCIPC, 2003).This pattern, however, is not observed in nations such as the
former Soviet republics of Armenia, Azerbaijan and Georgia (Wasserman et al.,
1998).

Within countries, suicide rates may also differ between ethnic groups. In the
United States the rate of suicide among Indians and Alaska Natives exceeds the
rate observed among the general population (Indian Health Service, 1999). In
Singapore, different ethnicities, although living in the same place, have nonetheless
very different rates, with the Chinese and Indian having much higher rates than
Malayan (Yip and Tan, 1998). In Kuala Lumpur, Malaysia, suicide rates are
remarkably higher in Chinese people than in Indian and Malay, mirroring the
report from Singapore (Yip andTan,1998).

Socioeconomic Status

A review of studies in the last 30 years on socioeconomic status and suicide
concluded that the lower the socioeconomic status, the higher the suicide risk
(Boxer et al.,1995). Several other studies have also shown that regions characterized
by high levels of socioeconomic deprivation have increased rates of suicide (Gunnell
et al.,1995; Congdon,1996). Of relevance,Whitley andcolleagues (1999) found that
higher rates of suicide in parliamentary constituencies of Great Britain were
associated with higher levels of social fragmentation, and that over a succession of
years (1981^1991), areas experiencing the greatest absolute increase in social
fragmentation also had the greatest increase in suicide. Sustained unemployment
may damage social relations and reinforce the effect of social isolation (Burnley,
1995). In rural regions, economic distress and family discord may contribute to
higher levels of suicide (Burnley, 1995). Moreover job loss may also weaken social
integration and deprive an individual of his/her status and social role that may, in
turn, elevate the risk of suicide (Durkheim,1897).
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Political Factors

Evidence suggests that women’s access to social, economic and political power may
contribute to suicide.This was demonstrated through findings from Portugal where
the rise of the female independence movement correlated with a significantly
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TABLE 6.2 Risk factors for suicide

Category of risk Risk factor

Demographic and sociocultural factors Male
Caucasian
Unemployment
Low socioeconomic status
Social isolation
Lack/loss of social support
Immigration
Type of religion, atheism
Economic recession
Political coercion and violence

Psychopathological and personological factors Major depressive disorder
Bipolar disorder
Schizophrenia
Alcohol abuse disorder
Substance abuse disorder
Personality disorder
Post-traumatic stress disorder
Comorbid psychiatric conditions
Previous suicide attempts
Suicidal ideation
Hospital inpatient or recently discharged
Hopelessness, helplessness
Impulsivity, aggression
Cognitive rigidity
Shame

Biological andmedical factors Genetic predisposition to suicide
Family history of suicide
Abnormal serotonergic functioning
Severe, painful and disabling physical illness;
fear of illness

Comorbid physical illness/psychiatric disorder

Life events Separation/divorce, widowed
Family discord
Interpersonal relationship problems
Violent, physical and mental trauma
Physical and sexual abuse in childhood
Early parental loss
Problems with sexual orientation

Environmental factors Access to, and availability of, lethal means
of suicide

Rural residential location
Media portrayal of suicidal behaviour



increased risk in female suicide rates, particularly among professionalwomen living
in urban areas.This change in the ratemayhave beenmediated through an increase
in alcohol use among professional women subsequent to achieving greater
independence (De Castro et al., 1988).

Stronger social integration during political activity and presidential elections
may also correlate with decreased suicide rates (Boor, 1981); however, this finding
is not supported by all studies (Wasserman, 1983). During time of war, suicide
among the population is generally reduced (Lester, 1993) but political coercion or
violence can increase suicide. For example, the Singhalese majority of Sri Lanka’s
population have generally experienced a low rate of suicide until the start of the
civil war two decades ago, when its rate increased greatly (Marecek, 1998).
Altruistic suicides during war also increases suicide rates. For example, in ancient
times in China, those soldiers thought to be particularly brave stepped forward in
front of battle lines to complete suicide as a demonstration of the fierceness of their
loyalty and determination against invading armies from Central Asia (Lin,1990).

Economic recession may significantly elevate suicide rates in many regions. For
example, high suicide rates during economic recession in Japan were documented
during the post World War II period 1975^90 (Goto et al., 1994). During the
economic upswing in Finland between 1985 and 1990, Hintikka and colleagues
(1999) observed a significant increase in suicide among both males and females,
followed by a subsequent decline in rates during economic recession from 1990 to
1995.With economic recession, unemployment might result in loss of identity and
self-respect with suicide a possible outcome (Platt,1984).

Unemployment

Aggregate-level longitudinal studies have found that unemployment is positively
correlated with suicide rates in many Western countries (Brenner and Mooney,
1982). A number of case^control analyses have also found significantly greater
‘unemployment, job instability or occupational problems’ among people who had
committed or attempted suicide than among those who had not (Durkheim, 1897;
Platt, 1984). In a longitudinal survey conducted in Britain, Lewis and Sloggett
(1998) found that, compared to employed counterparts, those who were
unemployed were over 2.5 times more likely to kill themselves than their employed
counterparts (OR¼ 2.58,95%CI¼1.97^3.38). Inyounger generations suicide risk
is also elevated through unemployment, and studies conducted in Denmark
(Agerbo et al., 2002), Puerto Rico (McQuillan and Rodriguez, 2000), the United
Kingdom (Hawton et al., 1999) and Australia (Morrell et al., 1998) support this
premise. However, future research is needed to determine whether unemployment
per se provokes suicide in unemployed individuals or whether additional factors, for
example psychiatric illness, contribute a more profound impact.

156 ____________________________________________________________ D. De LEO AND K. SPATHONIS



Social Integration, Support and Isolation

According to Durkheim (1897), suicide varies inversely with the degree of social
integration of the social groups of which the individual forms a part. Hence, when
social integration fails, the suicide rate usually rises (Maris, 1997b). Completed
suicide occurs more often in those who are more socially isolated and lack
supportive family and friendships (Appleby et al., 1999a). In a study conducted by
Maris (1981), individuals who completed suicide tended to be the most inter-
personally isolated, and experienced the highest degree of non-participation in
organizations and social groups. Individuals who live alone may also be at an
increased risk for suicide (Maris et al., 1997b). Earlier studies have found a higher
correlationbetween suicide and living alone in the old than in the young population
(Sainsbury, 1955) and in the general community (Waern et al., 2002). Moreover,
suicide rates may be associated with the percentage of persons who live alone, live
alone in just one room, or live in hotel rooms (Sainsbury,1955).

The absence (Nisbet, 1996) or loss of social support may increase the risk of
suicide (Maris et al., 1997a). In a comparative study conducted among individuals
who died from natural causes andby suicide,Maris (1981) observed that onaverage,
those who died natural deaths had about twice as many close friends as suicide
completers despite the fact that the former sample of deaths were on average 20
years older. Studies of youth at risk for adverse outcomes, including suicide, have
demonstrated that social support potently buffers the effects of negative life events
(Carbonell et al., 1998;Vance et al., 1998).The benefits of social support have also
been documented in an enhanced ability to cope with stresses, including bereave-
ment, rape, job loss, physical illness, and overall enhanced psychological and
physical health (IOM, 2001; Sarason et al.,1990). Social supportmay also attenuate
severity of depression andcan speed remission of depression in at-risk groups such as
immigrants and the physically ill (Barefoot et al., 2000; Shen andTakeuchi, 2001).

Immigration

In some countries, higher rates of suicide have been reported for immigrants and, in
general, such rates tend to reflect that of the country of origin, with convergence
toward that of the host country over time (Singh and Siahpush, 2001).This phenom-
enon has been observed among immigrants from Finland to Sweden (Ferrada-Noli
et al.,1995), andamong immigrants to theUnited States (Sorenson and Shen,1996),
Britain and Australia (Lester, 1972).

In a study of suicide rates among ethnic-immigrant groups to Canada (English/
Welsh, American Scottish, Irish, German, Italian, Portuguese and foreign-born),
Trovato (1986) observed a higher suicide rate among ethnic-immigrant groups
who experienced a greater degree of social assimilation anda lower level of commu-
nity cohesiveness (Trovato, 1986). Other factors that may be associated with
suicidality among immigrant groups include disagreement with the decision to
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migrate and poor expectations for the future (Hovey, 2000a,b), social isolation, low
social class (Ferrada-Noli et al., 1995) and language barriers (Hovey, 2000a,b).
Additional acculturative stressors may impact upon psychological health such as
disrupted social and family support networks, pre-migration variables such as
adaptive functioning (self-esteem, coping ability, psychiatric status), spiritual
beliefs, and tolerance and acceptance of the host country towards immigrants
(Berry and Kim,1988;Williams and Berry,1991).

Religion

In some cultures where major religious beliefs assert theological sanctions against
suicide, correspondingly low rates of suicide have been reported. For example, a
number of studies suggest lower suicide rates in countries with less social or religious
tolerance of suicide (Pescosolido and Georgianna, 1989). Church membership
(Breault, 1986) may protect against suicide, and regular church attendance may
reduce the riskof suicide (Stack,1992) by up to four times (Comstock and Partridge,
1972). Aswell as this, religionmaydecrease suicide risk inproportion to the extent to
which it facilitates friendship networks among coreligionists (Pescosolido andGeor-
gianna,1989).

Among individuals aged 50 years and older, participation in religious activities
may reduce the odds of suicide (Nisbet et al., 2000). Of relevance, older personswho
practise their faith have frequently lower rates of depression, alcoholism, and hope-
lessness (Koenig, 1994), all prominent risk factors for suicidal behaviour (Rifai et
al., 1994). However, older-age women tend to be more religious than men, attend
church more, and have lower suicide rates (Weaver and Koenig, 1996). Hence, the
propensity for religious affiliations to benefit suicide rates in old age may be differ-
entiated by gender.

Fewer studies have investigated the impact of religion on suicide among younger
age samples. Some studies have found that church attendance among youths of
various ethnic/racial backgrounds reduces suicide risk, including suicide attempts
(Conrad, 1991; Kirmayer et al., 1996, 1998). In a large meta-analysis of studies
undertaken on religion and suicidality among youth in the United States, Donahue
(1995) found that religiousness decreases risk of suicide ideation and attempts in
youth.

Psychopathological Factors

Psychiatric Conditions

Retrospective research shows that close to 90% of individuals who complete suicide
have diagnosable psychiatric disorders at the time of death (Appleby et al., 1999a;
Cavanagh et al., 1999a; Henriksson et al., 1993). However, only a small proportion
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of individuals with major psychopathology take their own life (Hendin, 1991;
Moscicki, 1995), and psychiatric disorders alone are not sufficient predictors of
suicide.

Depressive disorders are found in 30^90% of completed suicides (with bipolar
disorders representing 5% of depressive disorders) (L˛nnqvist, 2000).The lifetime
risk of suicide in individuals with major and bipolar depression is approximately
12^15% (Guze and Robins, 1970; Harris and Barraclough, 1997). An elevated
prevalence of suicide among affective disorder patients with a history of hospitaliza-
tion, particularly when suicidal, has also been documented (Bostwick and
Pankratz, 2000). As well as this, suicide may occur at different points in the natural
course of affective illness (Pokorny, 1983; Goldacre et al., 1993) and the risk of
suicide decreases as the time from the most recent hospitalization, or treatment,
increases (Davies et al., 1998; Simon and VonKorff, 1998). Suicide risk is highest
during the years immediately following the onset of affective disorders (Amaddeo
et al., 1995).

In patients with schizophrenia, suicide is the major cause of premature death
(Allebeck, 1989; Tsuang et al., 1990). It has been estimated that 10^15% of
individuals with schizophrenia die by suicide (Caldwell and Gottesman, 1992;
Westermeyer et al., 1991). The relative risk for suicide appears to be highest at the
time when schizophrenia is first diagnosed (Rossau andMortensen,1997).The risk
of dying by suicide in patients with psychosis is also increased by the presence of
depression (Axelsson and Lagerkvist-Briggs, 1992; Westermeyer et al., 1991), and
alcohol abuse disorder (Meltzer, 1998).

The riskof suicide among patientswith anxiety disorders, regardless of diagnostic
type, is higher than in the general populationbya factor of ten ormore (Khan et al.,
2002). Among individuals with a diagnosis of panic disorder (Schmidt et al., 2000)
or post-traumatic stress disorder (Kessler, 2000), the risk for suicide is greater when
compared to other diagnosable anxiety disorders. As well as this, the presence of
anxiety may further increase suicide risk among patients with other psychiatric
illness such as bipolar mood disorder or cyclothymia (Young et al., 1993).

Approximately 2^4% of individuals with an alcohol use disorder will complete
suicide and approximately 25% of individuals who complete suicide are alcohol-
dependent (Murphy et al., 1992). Comorbid psychiatric conditions, particularly
depressive (Murphy et al., 1992) and anxiety disorders (Arikan et al., 1999)
significantly increase the risk of suicide among alcoholic individuals (Murphy et
al., 1992). Abuse of illicit substances may significantly increase the risk of suicide;
even more when comorbid Axis I and II disorders are present (Flavin et al., 1990).
For example, heroin users are 14 times more likely than peers to die by suicide and
deaths among heroin users attributed to suicide range from 3% to 35% (Darke and
Ross, 2002).The relationship of substance abuse disorders andcomorbidpsychiatric
diagnoses to suicidal behaviour is complex, since it is often unclear inwhat order the
conditions arose, what causal links exist, and whether other characteristics may
mediate the relationship (IOM, 2002).
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Psychological autopsy studies have reported that approximately one-third of
suicide victims meet the criteria for a diagnosis of personality disorder (Henriksson
et al., 1993). In particular, borderline personality disorders (BPD), and to a lesser
extent antisocial personality disorders (ASPD), present a significant risk of suicide.
A diagnosis of personality disorder is found in 9^28% of completed suicides and
follows depression, schizophrenia, and alcoholism in order of importance as a
major risk factor (Hirschfeld and Davidson, 1988). Longitudinal investigations
report suicide rates in BPD ranging from 3% to 9%, comparable to affective and
schizophrenic disorders (Mehlum et al., 1994). A diagnosis of antisocial personality
disorders has been reported in 5% of completed suicides (Frances et al., 1988).

Hospitalization and Recent Discharge

Suicide risk is especially high during hospitalization (Mortensen et al., 2000), with
the majority of inpatients who suicide suffering from schizophrenia or affective
disorders (Proulx et al., 1997;Wolfersdorf, 1996; Roy and Draper, 1995).The risk of
suicide in hospital also increases with higher cumulative length of stay, previous
suicide attempts (Spie�l et al., 2002), previous hospital admissions, suicidal ideation
at the time of admission and during the admission, suicide attempts during the
admission, and a greater number of ward transfers (Shah and Ganesvaran,1997).

After discharge frompsychiatric hospital the risk of suicide is very highwithin the
first weeks (Axelsson and Lagerkvist-Briggs, 1992; Lawrence et al., 1999) and
remains elevated for up to six months (Appleby et al., 1999b). The risk of suicide
after discharge from hospital may be associated with drug and alcohol abuse, loss
of contact with the primary mental health professional, living alone, hopelessness,
relationship difficulties, lack/loss of a job, history of attempted suicide, and a
diagnosis of depression (King et al., 2001; McKenzie andWurr, 2001).

Previous Suicidal Behaviour

A previous history of non-fatal suicidal behaviour ranks with discharge from
inpatient psychiatric care as the major risk factor for suicide (Gunnell and Frankel,
1994).The highest risk of completed suicide occurs during the six months following
a suicide attempt (Suokas et al., 2001); however, risk also remains high in the years
following. Approximately one-quarter of suicides are precededby non-fatal suicidal
behaviour in the previous year (Owens andHouse,1994) and approximately1% of
individuals who attempt suicide end their own life during the12 months subsequent
to the index event (Hawton and Fagg,1988; Kreitman,1977). In the years following
an initial suicide attempt, studies indicate a suicide risk that ranges from 3.2%
(Suokas and L˛nnqvist, 1991) to 11.6% (Nielsen et al., 1990) within 5 years, 4.8%
(Beck and Steer,1989) to12.1% (Nielsen et al.,1995) within10 years, 6.7%within18
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years (DeMoore and Robertson,1996), and10^15%within a lifetime (Fremouw et
al., 1990).

Long-term risk factors for suicide mortality after attempted suicide include
multiple episodes of deliberate self-harm, male sex, somatic disease, self-reported
‘wish to die’motive for the index suicide attempt (Suokas et al., 2001), alcoholism,
high suicidal intent and taking more precautions against discovery at the time of
their index attempt (Beck and Steer, 1989). As well as this, social class, unemploy-
ment, previous inpatient psychiatric treatment, substance misuse, and personality
disorder may predict suicide among individuals aged between 15^24 years who
have a previous history of non-fatal suicidal behaviour (Hawton et al., 1993).

Psychological Constructs

Several psychological vulnerabilities are found to distinguish suicide completers
from controls; however, other variables frequently moderate the relationship.
Despite this difficulty, the importance of psychological vulnerabilities lies in the
likelihood that they engender or exacerbate other psychiatric and social risk factors
to establish an individual’s unique riskprofile (Conner et al., 2001).Hopelessness is a
significant risk factor for suicide and may arise separately from mood disorders,
occur across psychiatric diagnoses (Bonner and Rich, 1991; Joiner et al., 2001a), be
experienced continuously and chronically over the course of mental illness, and
remain even after remission of major depression (Brent et al., 1998; Minkoff et al.,
1973; Rifai et al.,1994). Hopelessness may predict as many as 91^94% of suicides in
both inpatient andoutpatient samples (Becket al.,1974). A high level of hopelessness
during one psychiatric episode may also predict high hopelessness in later episodes
(Beck et al.,1985). Feelings of hopelessnessmayderive froma low level of self-esteem
combined with interpersonal losses and a lack of confidence in one’s ability to regu-
latemoodor solve personal problems (Catanzaro, 2000; Dieserudet al., 2001).

Other psychological vulnerabilities associated with completed suicide may
include impulsivity and aggression, depression, cognitive rigidity (dichotomous
thinking), anxiety, and self-consciousness/social disengagement (Conner et al.,
2001). ‘Psychache’ or a state of psychic pain (Shneidman, 1993), which has been
likened to feelings of anxiety, depression and agitation (IOM, 2002), may also
present a particular risk for suicide.

Biological and Medical Factors

Genetic Influences

Only a limited number of studies have investigated the genetic influence in the
realm of suicide, and many studies have lacked adequate control for psychiatric
disorders. However, since the psychiatric disorders associated with increased risk
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for suicidal behaviour are heritable, the genetic influences on these psychiatric diag-
noses and suicidal behaviour may also be transmitted within families (Fu et al.,
2002). This has been confirmed by studies that have found that a family history of
suicide increases suicide risk irrespective of psychiatric illness and for people with
andwithout apsychiatric history (Qin et al., 2002; Fu et al., 2002). Hence, apositive
family history of suicide is considered to be an important risk factor for completed
suicide (Roy et al., 1999), and attempted suicide (Brent et al., 1994, 1996; Mann et
al.,1999). Some research findings also suggest a positive associationbetweenviolent
suicide methods such as hanging and a familial predisposition (Linkowski et al.,
1985; Roy,1993).

Twin and adoption studies of the genetic contribution to completed suicide have
been conducted. Roy and colleagues (1991) combined their own results with
published data from other studies to find a significantly higher concordance:
11.5%, in monozygotic twins (who have 100% of their genes in common) versus
2% in dizygotic or non-identical twins (who share 50% of their genes). In another
review of genetic studies of suicide, Roy and colleagues (1997) examined data from
399 twin pairs (129 monozygotic, 270 dizygotic) from different countries. A higher
concordance for suicide was reported in monozygotic (13.2%) than in dizygotic
twins (0.7%). Amore recent study (Fu et al., 2002) also found that once controlling
for the effects of psychiatric disorders, the genetic effects specific to suicidal
behaviour are not mediated by common psychiatric risk factors such as major
depression, childhood conduct disorder, ASPD, panic disorder, PTSD, and alcohol
and drug dependence.

Schulsinger et al. (1979) found that 4.5% of the biological relatives of adopted
away suicides also diedby suicide comparedwith just 0.7%of thebiological relatives
of controlled adoptees. Half of all suicides were not associated with major
depression. In another study of suicide among adopted patients, it was found that
biological relatives of adoptees with affective disorder who had made an impulsive
suicide attempt had significantly higher rates of suicide than those of matched
control adoptees without affective disorders (Wender et al., 1986).

Neurobiological Processes

Evidence suggests that serotoninmediates inhibitionof impulsive actionto the extent
that deficient functioning may predispose individuals to suicidal and other poten-
tially harmful impulsive acts. Low serotonin metabolite (5-hydroxy-indoleacetic
acid 5-HIAA) levels in cerebrospinal fluid (CSF) havebeen significantly associated
with suicide (Duetal., 2000; Bondyetal., 2000), violent suicideattempts (Bankiand
Arato, 1983; Lester, 1995), and aggression and/or impulsivity (Virkkunen et al.,
1994; Zalsman et al., 2001). A blunted prolactin response to fenfluramine may be a
second index of serotonergic dysfunction that is related to both a history of suicidal
behaviour in proportion to its seriousness and to impulsive aggression (Coccaro et
al.,1989;Mann et al.,1992;Mann andMalone,1997).
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Physical Illness

The prevalence of medical illness among suicides ranges from 30% to 40%
(Mackenzie and Popkin, 1987;Whitlock, 1986), and escalates to as high as 88% in
elderly suicide victims (Henriksson et al., 1995). A number of studies have
documented a significantly higher rate of suicide among individuals suffering from
somatic illnesses including cancer, human immunodeficiency virus (HIV) infection
andAIDS, stroke, juvenile diabetesmellitus, delirium, epilepsy, Parkinson’s disease,
traumatic brain injury, spinal cord injury, multiple sclerosis, Huntington’s disease,
and amyotrophic lateral sclerosis (Harris and Barraclough, 1994; Stenager and
Stenager, 2000). Somatic conditions that are chronic, disabling, and painful, and
have negative prognoses, are also correlated with suicide (L˛nnqvist, 2001). A
hypochondrial syndrome or intense fear related to severe illnesses such as blindness
(De Leo et al., 1999), cancer or HIV/AIDS may also contribute to increased
psychiatric disorders and completed suicide (L˛nnqvist, 2001).

Much speculation surrounds the impact of physical illness upon completed
suicide, and whether or not physical illness contributes to suicide independently or
is mediated by other (risk) factors. In particular, individuals with somatic
conditions encounter comorbid psychiatric illnesses, usually depression or anxiety,
or both. Various studies have found that the risk of suicide is high with physical
illness, especially when symptoms of depression are also present (Fawcett, 1972;
Farberow et al., 1963; Whitlock, 1978; Stensman and Sundqvist-Stensman, 1989).
As well as this, the rates of major depression rise when serious medical illness is
present (Cassem, 1995) which may in turn, lead to an increased risk of suicide.
Moreover, the additional failure of physicians to detect depression in the medically
ill, or perceiving depressive symptoms as ‘appropriate’ to the patient’s condition can
also heighten the risk of suicide (Cassem,1995).

Precipitating Life Events

Singlehood,Widowhood and Divorce

In general, married persons experience lower suicide rates compared to single and
never-married persons, with the highest rates observed among divorced, separated
and widowed persons (Smith et al., 1988). Individuals who are divorced and
separated may be twice as likely to commit suicide compared to married persons,
with a pronounced risk observed among men (Kposowa, 2000). An elevated risk of
suicide among men aged 25^39 years who have never been married or divorced has
also been observed (Burnley,1995).Widowhood in the first half of life may present a
particularly high risk for suicide (Kreitman,1988; Buda andTsuang, 1990), and an
8^50% (Kreitman, 1988; Buda and Tsuang, 1990) increase in mortality among
young widows and widowers compared to the general population has also been
observed (Stroebe and Stroebe,1993).
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Marriage may serve as a protective factor against suicide, particularly for men,
by providing social andemotional stability (Durkheim,1897; Kposowa et al.,1995),
enhancing social and community integration, and reducing social isolation
(Durkheim,1897; Kposowa et al., 1995; Breault, 1986). On the other hand, divorce
may render the loss of social support and family integration as an inherently
stressful life crisis that may lead to severe psychological distress, which could
culminate in suicide (Verbrugge,1979).

Loss of a Significant Other

After the death of aparent or spouse, suicide risk risesmore amongmen thanwomen
and remains elevated for 4^5 years (Wasserman, 2001). Bereavement is very
frequently represented as a stressful life event for elderly persons, and particularly
for men, especially when the death of a spouse is sudden (McIntosh et al., 1994).
After suicide of a close family member, the risk of suicide is elevated for other family
members during the grief process (Wasserman, 2001).

It has been suggested that what differentiates a suicidal reaction to a loss from a
non-suicidal one is the frequency and timing of these experiences (Slater and
Depue, 1981). That is, some individuals may be unable to resolve grief prior to the
experience of another loss. Unresolved grief has been identified in 13^44% of cases
of attempted suicide, chiefly owing to death of the spouse (Schmid et al., 1994).

Interpersonal Relationships

Often, suicide is immediately preceded by various types of relationships problems
involving close family members, friends and colleagues (Freud, 1957). Suicide
among children and adolescents may also be related to family discord, through
findings where adolescents living in single-parent families or who were exposed to
parent^child discord were more likely to complete suicide than matched controls
(Brent et al., 1994; Trovato, 1992). Family discord has also been found to increase
the risk of suicide in patients with mental disorders approximately ninefold
(Cavanagh et al.,1999b). School andworkplace bullying, victimization and harass-
ment may also heighten suicidality, particularly when threats or acts of violence are
implicated (Wasserman, 2001).

Violent, Physical andMentalTrauma

A significant risk of suicide is represented by traumatic events such as sexual moles-
tation and assault, rape, and physical and mental abuse. Moreover, incest, torture,
andany occurrence thatbrings to the forememories thereof, maybe associatedwith
suicide (Ferrada-Noli et al.,1998). A significant body of evidence suggests that of the
many types of childhood trauma, child sexual abuse is a strong risk factor for
attempted suicide (Santa Mina and Gallop, 1998; Fergusson et al., 2000; Molnar et
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al., 2001; Paolucci et al., 2001) and completed suicide (Brent et al.,1999). Child sexual
abuse accounts for 9^20% of suicide attempts in adults (Brown et al.,1999; Fergusson
et al.,1996;Molnar et al., 2001), and is a risk factor for attempted suicide independent
of psychopathology (Molnar et al., 2001). Sexual abuse also carries an extremely high
risk (OR¼ 30.3) for repeated suicide attempts in adolescents (Brown et al., 1999).
Early childhood adversity may also increase the likelihood of developing mental
illnesses associated with suicide risk, such as substance use, posttraumatic stress
disorder and depression (Fergusson et al., 2000; Molnar et al., 2001).

Sexual Orientation

While there is no clear evidence that homosexualitymay increase at any age the risk
of completing suicide, many studies have demonstrated a higher risk of attempted
suicide among bisexual and homosexual youth, particularly males (DuRant et al.,
1998; Garofalo et al., 1999). A somewhat less pronounced yet significantly elevated
risk of attempted suicide has also been observed among young adult and middle-
aged homosexuals compared to controls (Cochran and Mays, 2000; Herrell et al.,
1999). Among homosexual and bisexual males aged between 18 and 40 years, the
risk of a suicide attemptmay be up to 5^14 times higher than for heterosexual males
of the same age (Bagley andTremblay,1997; Cochran andMays, 2000).

Environmental Factors

Geographical Location

Suicide rates in anumber of rural regions, such asAustralia (BaumeandClinton,1997;
Yip et al., 2000), Beijing, China (Yip et al., 2000), Finland (Pesonen et al., 2001), Scot-
land (Crombie, 1991), the USA (American Association of Suicidology, 1999) and the
United Kingdom (Gregoire, 2002) have been found to be significantly higher than in
urbanareas.The increased riskof suicide in rural regionsmaybeattributable toa range
of factors. Comparedwith high-density populations, rural areas often receive a lackof
publichealth services,havehigher ratesofunemployment, lower levelsofeducationand
limited social support networks (Pesonen, 2001). Among young rural people, suicide
risk may be increased via media representations of suicides (Hassan, 1995), greater
availabilityof lethal suicidemethods such as firearms or herbicides/pesticides (Brent et
al.,1991; Cantor and Slater,1995), and problems in accessing and using mental health
services (Baume,1994).Aswellasthis, limited skillsof ruralprimaryhealthcareprofes-
sionals in detecting and managing depression may increase the risk of suicide in these
areas (Rutz et al.,1992).

SuicideMethod

Methods chosen for suicide vary considerably in terms of ‘lethality’, that is, the
probability of death (McIntosh, 1992). Firearms, hanging and carbon monoxide
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poisoning are considered to be the most lethal methods of suicide as they are more
likely to be immediately fatal, are associated with a high level of impulsivity, are
absolutely or relatively equal in their degree of accessibility, and are difficult to
reverse. Drug overdose, poisoning with other gases, and drowning are less immedi-
ately fatal, leave time for someone to intervene, and vary in degree of accessibility
(Marzuk et al., 1992). In part, the greater propensity for males to employ more
violent and lethal means of suicide compared to females may account for a higher
suicide rate. In older age, the lethality of the suicide method chosen may also reflect
a greater determination and intent to die (De Leo and Ormskerk,1991).

Fluctuations in suicides within and between countries at any single point in time
may reflect changes or differences in the cultural acceptability of suicide methods
(Cantor and Baume, 1998). For example, the declining use of particular methods
of suicide in Australia (e.g. drug overdose) and a rise in others (e.g. hanging) may
reflect sociocultural acceptability, since hanging has always remained a highly
accessible method of suicide (Cantor and Baume,1998; De Leo et al., 2002b).

Method availabilitymaybe considerably associatedwithmethod-specific rates of
suicide. In a study conducted in the United States, firearm ownership was
significantly correlated with suicide rates among individuals aged 15^24 years and
65^84 years (Birckmayer andHemenway, 2001). In a comparison of five counties in
the United States, Marzuk and colleagues (1992) found that counties had similar
suicide rates for those methods that were equally accessible to the populations, but
significantly different rates for methods that were differentially accessible. In
England andWales, deaths from paracetamol overdose has also largely paralleled
sales figures (Gunnell et al., 1997), indicating that the extent of self-poisoning with
paracetamol largely reflects its availability.However, evidence suggests that suicidal
persons may use alternative methods that are more widely available if one or more
means are restricted or unavailable in that community (Marzuk et al., 1992). For
example, Rich and colleagues (1990) found that in Toronto, stricter gun control
laws led to a decrease in suicide using guns, but led to amatching increase in suicide
using other methods (e.g. jumping).

Media Coverage of Suicide

Media portrayal of lethal means of suicide may contribute significantly to increase
both the rate of suicide and the incidence of suicides that adopt the samemethod. For
example, during1984 and 1985, the number of deaths that resulted from drinking
the poison paraquat inJapan increased dramatically from 594 to 1021. Among the
1021deaths in1985, 96.5% were suicides (National Police Agency,1986).The sharp
increase in suicide by paraquat was attributed to the extensivemediapresentation of
a criminal act in which 17 innocent victims consumed soft drinks, from vending
machines, contaminated by paraquat.

Media-based coverage of suicides may also trigger copycat suicides in the mass
public. For example, during the12 months following the publication of Final Exit, a
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guide to suicide by asphyxiation for terminally ill persons, the number of suicides by
asphyxiation in NewYork rose by 313% from 8 to 33. In 27% of suicide cases, a copy
of the guidewas found at the place of abode (Stack, 2000).Media reports of suicides
in newspapers may also impact upon the rate of suicide. The propensity for
newspaper stories to be saved, reread, displayed, and studiedmay result in a greater
risk of copycat suicides compared to stories that are televised (Stack, 2002). It has
also been found that studies based on real suicide stories are approximately four
times more likely to report copycat effects than studies based on fictional suicides
(Stack, 2002). Other evidence from a recent meta-analysis has found that the
suicide of celebrity entertainers may have the greatest impact upon copycat suicides
in themass public, presenting a14.3 times higher riskof copycat effect (Stack, 2002).

SUICIDE PREVENTION

As suicide is considered to be amulti-determined behaviour, it would be unrealistic
to expect that any single preventive effort may reduce the risk of suicide and overall
suicide mortality rates. In general, the array of preventive efforts that have been
initiated in a number of multidisciplinary settings operate to target risk factors for
suicide. However, to date there has been no significant decline in the overall rates of
suicide as a direct outcome of preventive initiatives (De Leo, 2002). Nonetheless,
initiatives to prevent suicide fall into three major realms, namely prevention,
intervention, and aftercare, which are summarized inTable 6.3.

Prevention

Public Policy

The potential for applying comprehensive general population strategies to suicide
prevention has been apparent for more than 100 years, since Durkheim observed
that the frequency of suicide varied inversely with social integration (Durkheim,
1897). Socioeconomic determinants of psychiatric illness and suicide, such as unem-
ployment and low levels of formal education, poverty and poor social welfare and
housing systems, decreased social support, legal sanctions, drug and alcohol use,
and community attitudes including stigma need also to be addressed by large-scale
governmental initiatives. In1989, theWorld Health Organization recommended that
member states should develop national preventive programmes, where possible linked
to other public health policies, and establish national coordinating committees. Its
approach was based on the identification of groups at risk and restricting access to
means of suicide (WHO, 1990). According to the United Nations (1996), only a
minority of world nations have implemented nationally based suicide prevention
initiatives with easily identifiable intervention targets. The formulation of official
guidelines for national suicide prevention strategies by the United Nations in 1996
resulted in the development of suicide prevention programmes in several European
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and American countries. In 1992, Finland was the first country to establish a nation-
ally implemented, research-based comprehensive suicide prevention programme.
Since then, national suicide prevention programmes have been implemented in many
countries including Australia, New Zealand, Norway, Sweden, Denmark and
England.

Mental Health Promotion and Public Education

The promotion of optimal mental health through the learning and development of
personal resources necessary to cope with the stressors presented in everyday life
may be an effective way in which to facilitate a sense of mental well-being.
Specifically, mental health promotion efforts endeavour to develop coping,
problem-solving, decision-making and communication skills, which may enable
individuals to overcome situational life difficulties, and control and even improve
health status. Mental health promotion may form part of a comprehensive suicide
prevention strategy and may be incorporated through government (e.g. school
health curriculum) and/or non-government (e.g. religious organizations)
education systems, as well as through the mass media.

Education of the public is an important suicide prevention strategy that is
incorporated into all existing national suicide prevention strategies. In general,
public education strategies operate to curtail the impact of social stigma relating
not only to suicidal behaviour, but also to psychiatric illnesses. Community stigma
surrounding suicide and psychiatric illness may reduce the likelihood that
individuals will seek help when they are suicidal, and discourage the accurate
reporting of actual suicides. Moreover, social stigma may limit the attention focused
on suicide preventionat local, regional andnational government levels. Some evidence
suggests, however, that the social stigma of suicide may in fact reduce the ease with
which people will actually contemplate suicide when under duress (Shaffer et al.,
1998).The accessibility and availability of pertinent information regarding suicide is
relevant for large-scale community awareness campaigns, school-based programmes,
clinical treatment settings, research endeavours, programme administration and
service delivery, as well as for members of the general community.

Media Guidelines for the Coverage and Reporting of Suicides

Media sources such as television, radio and newspapers play a critical role in
influencing community attitudes and perceptions of social norms. In recent
times, specific guidelines for media sources have been released in order to sanction
the portrayal of mental health issues, including psychiatric illnesses and suicide, in
conjunction with efforts to educate and raise awareness of such issues among
media personnel. Many countries including Australia, Austria, Canada,
Germany, Japan, New Zealand, Switzerland, and the United States, and organi-
zations including the World Health Organization (United Nations, 1996; WHO,
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2000) have formulated guidelines for media coverage of suicides.Various stipula-
tions of media guidelines indicate that accounts of suicide should neither
romanticize nor normalize suicide, particularly in the case of celebrity death by
suicide; should include factual information on suicide contagion and mental
illness; should avoid terminology such as ‘successful suicide’ which may down-
play the dire loss of life; and should address suicide as an issue in its own right,
reporting on stigma, treatment, and trends in suicide rates, rather than only in
response to a tragedy.

Intervention

Pharmacotherapy

Theearlydetectionof psychiatric illnesses thatcontribute toaheightened suicide risk
(i.e. major depression, schizophrenia, alcohol and substance abuse and personality
disorders) is considered to be a vital measure in preventing suicide. However, the
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TABLE 6.3 Overview of suicide prevention realms and initiatives

Realm Description Initiatives

Prevention Preventive efforts taken to . Public policy initiatives
minimize the possible future
development of suicidal

. Media guidelines for the coverage and
reporting of suicides

tendencies and behaviour
among members of the general

. Mental health promotion and education

populationwho are not
currently experiencing suicidality

. School-based education campaigns

Intervention Preventive efforts targeted to
assist individuals whomanifest

. Detection and treatment of psychiatric
disorders

suicidal tendencies or
conditions that carry an

. Psychotherapeutic and psychosocial
interventions

associated high suicide risk . Improved assessment of non-fatal suicidal
behaviour

. Crisis intervention and telephone hotlines

. Suicide prevention centres

. Suicide prevention training for professional
and lay-workers

. Restriction of access to, and availability of
lethal means

. School-based programmes

Aftercare Prevention efforts taken to
minimize the risk of further

. Monitoring of hospitalized suicide
attempters

suicidal behaviour among
suicide attempters, and/or to

. Aftercare programmes for hospital-treated
suicide attempters

reduce the impact of suicide and
suicidal behaviour among
surivivors

. Bereavement services for survivors of
suicide

. Media guidelines for the coverage and
reporting of suicides



validityof assessment tools utilized in clinical settings to determine acute suicide risk
or to predict when a person will attempt or complete suicide are inadequate. None-
theless, pharmacological agents are predominantly utilized in the treatment of
suicidal patients and include those which are diagnosis-specific and aim to regulate
thebiochemistryassociatedwithpredisposing, potentially suicidogenic pathologies.
Newer generation pharmacological agents may also indirectly affect suicidality
through the tendency to produce fewer side effects and more specific therapeutic
profiles, resulting in increased compliance with treatment regimes and enhanced
symptomatological outcomes. The use of lithium to treat bipolar disorder patients
may reduce rates of suicide and attempted suicide. However, such findings are only
observed among fully compliant patients treated for a minimum of two years
(Baldessarini and Tondo, 1999). The efficacy of clozapine in reducing the risk of
suicidality among patients with schizophrenia and schizoaffective disorder hasbeen
put forth by recent internationally based findings (Meltzer et al., 2002). However,
through a lack of randomized controlled studies, the efficacy of anti-anxiety agents
or electroconvulsive therapy in preventing sucidality has not yetbeen determined.

Despite the fact that the vast majority of individuals who commit suicide suffer
from an underlying psychopathology, new developments in psychiatry, medicine
and pharmacology have not yet resulted in a significant decline in suicide rates (De
Leo, 2002). Several variables, however, have hindered the confirmation of the effec-
tiveness of pharmacological treatments in reducing suicidality. Pharmacological
treatments may require a minimum of six weeks to exert maximal efficacy (Fenton,
2000), and individuals during that time may be discharged into the community
while symptoms are still quite intense. As well as this, unpleasant side effects may
occur during the initial treatment period. As a result, individuals who become non-
compliantwithtreatment regimes shortlyafter dischargemaynotbemedicated fora
long enough period of time to experience symptom relief. Another issue to consider
relates to the reductionof psychiatrichospitalbedswhich has led to shorterandmore
frequent hospital admissions, and thus to an increased riskof suicide, corresponding
to the duplication of high-risk illness phases (Rossau andMortensen,1997).

Psychosocial Interventions

Risk factors for suicide indicate that necessary attention must be paid to factors
outside the realm of psychiatric illnesses. Hence, desirable approaches to suicide
prevention tend to acknowledge and utilize psychosocial interventions in order to
reduce the risk of suicide through the enhancement of social, cognitive, and beha-
vioural skills and functioning. Often, short-term psychosocial interventions in
combination with psychiatric medication are incorporated in the treatment of
suicidal patients. However, evaluations of long-term therapeutic interventions are
rare, and not all investigations utilize randomized procedures. Linehan and collea-
gues (1991) conducted one of the only randomized trials investigating the long-term
impact of therapeutic interventions on suicidality. In the study it was found that
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dialecticbehavioural therapy (DBT) consisting of weekly individual therapy, group
skills training, and as-needed phone calls led to a greater reduction in the rate of
suicide attempts and the number of hospitalized days for suicidal behaviours. In
addition, a greater treatment adherence over a 12-month follow-up, as compared
to a group who received a referral to other outpatient treatment, was observed.

Although numerous studies document the efficacy of therapeutic interventions,
especially cognitive-behavioural therapy (CBT), in treating high-risk psychiatric
disorders such as depression and post-traumatic stress disorder, far fewer studies
document the direct effects of therapy on suicidal behaviour and intent (IOM,
2002). Nonetheless, four controlled studies of suicidal adolescents and young adults
suggest that CBTwith problem-solving components and general problem-solving
therapy reduces suicidal ideation and symptomatology such as depressive symp-
toms, hopelessness, and loneliness for at least two years (Harrington et al., 1998;
Joiner et al., 2001b; Lerner andClum,1990; Ruddet al.,1996).However, such inter-
ventions may not have a long-term impact upon the rate of future suicide attempts
or completed suicide.

Crisis Intervention Services and Suicide Prevention Centres

During the early1960s, the establishment of the Samaritans in London and the first
Suicide Prevention Centre in Los Angeles stimulated the growth of a number of
crisis services and suicide prevention centres. Currently, over 350 Befrienders Inter-
national Centres, associated with the Samaritans, exist in over 40 countries (Scott,
2000). Crisis services for suicidal individuals comprise a broad scope of 24-hour
suicide and crisis telephone services that are directly linked to mental health care
facilities, medical andpsychiatricback-up (inpatient andoutpatient), crisis counsel-
ling, mobile outreach, and short-term stay facilities. Evidence suggests some
efficacy of such services in reducing suicide rates (Bagley, 1986). However, due to
the fact that consumers of such services actively seek out assistance, question has
been raised as to whether or not centres attract individuals with an elevated risk
for suicidal behaviour, andwhether they prevent these individuals’suicide or suicide
attempt (Lester, 1974; Bridge et al., 1977).

Suicide PreventionTraining for Professional and Lay-workers

Rutz and colleagues (1992) conducted a study in Gotland, Sweden, between 1984
and1986, to determine whether education of primary care physicians can improve
treatment of depression and reduce suicide rates. After completing the training
programme, primary care physicians were more likely to prescribe antidepressants
and less likely to prescribe anxiolytics. Accordingly, the rate of hospital admission
for depression and the suicide rate decreased during the study. However, the
decrease in suicides was reflected mostly by a decrease in suicides among women
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with depression (Rihmer et al., 1995). The suicide rate rose two years after the
completion of the study, but due to the small number of suicides observed, it was
difficult to distinguish whether or not the rise and fall was spontaneous or occurred
as a response to the intervention per se (Szanto et al., 2002).

Accurate clinical assessment of attempted suicide is also important in the emer-
gency care setting, particularly in light of the increasing proportion of patients who
are directly discharged home from such departments. Although the management of
individuals admitted to hospital places a considerable strain on services, particu-
larly those afforded by psychiatrists, other disciplines in emergency departments,
including nurses, medical teams (junior doctors and nurses), and social workers,
should be confidently equipped to manage suicidal patients.

EnvironmentalMeasures

Stengel (1964) was the first to acclaim that efforts to control the environment may
impact upon decreasing the incidence of suicide. According to a previous report
produced by the World Health Organization (1998) regarding the prevention of
suicide, the majority of the basic principles recommended incorporated measures
to control the environment.These included the control of gun possession, the detox-
ification of domestic gas, the detoxification of car exhaust emissions, the control of
toxic substance availability (e.g. appropriate dosage units and packages for medica-
tions) and toning down media reports of suicide. Moreover, other measures
prescribed to prevent suicide included the fencing of high buildings and bridges.To
date, controlling the environment has been shown to be an effective strategy in
preventing suicide.

School-based Interventions

The need for suicide prevention initiatives to be developed in school settings has
sprung from an increasing trend in youth suicide (particularly during the 1990s),
which has placed a consequent strain upon the resources of the mental health care
system. School settings provide a unique environment for the implementation of
suicide prevention strategies featured by the potential to access a large proportion
of the youth population. However, the ability of school-based initiatives to reach the
most socially disadvantaged youth, who are perhaps the most at risk of suicide, is
limiteddue to the fact that such individuals are not likely tobe in regular attendance
of formal education. Nevertheless, school-based suicide prevention policies must be
developed in collaboration with schools and staff, students and parents, the local
community and the professional community (e.g. psychiatrists, psychologists,
researchers). Training and education of such stakeholders and predefined links to
community mental health care services are essential to efficient suicide risk identifi-
cation and the concurrent referral of students whomay be at risk. A comprehensive
postvention suicide plan coordinated by a mental health expert is also essential.
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Aftercare

Monitoring and Aftercare of Hospitalized SuicideAttempters

The efficacy of psychosocial interventions (e.g., psychotherapy, case management,
community-based interventions), particularly during the first three to six months
after discharge from hospital may critically determine the outcomes of sympto-
matology, compliance with medication and suicidality. Follow-up of suicidal
patients admitted to the emergency room three months after discharge from
hospital has been shown to reduce suicide attempt and treatment adherence rates
(Termansen and Bywater, 1975). Motto and Bostrum (2001) found that among
suicidal patients who refused ongoing treatment after discharge from hospital,
those who were sent regular follow-up letters from hospital staff, compared to
patients who were not, were less likely to suicide during the first two years after
discharge. Other findings supported the benefit of a suicide intervention counsellor
working with patients from within 48 hours of admission until six weeks post-
discharge (Aoun, 1999). In this study, patients who received treatment from the
suicide intervention counsellor had significantly lower rates of hospital readmission
for suicide attempts over a 22-month follow-up period, compared to readmission
rates among patients who received treatment as usual and patients admitted prior
to the start of the intervention.

Postvention for Survivors of Suicide

The increased risk of suicide among survivors during the aftermath of suicide
draws particular attention to the need for therapeutic interventions that ulti-
mately aspire to develop the means to assist suicide survivors to return to a
level of functioning comparable to that before the attempt. Elements of a post-
vention intervention may incorporate education about grief, demystifying
suicide, and eliminating excessive guilt, shame and blaming, as well as assessing
and responding to potential suicide risk in the survivors. Postvention strategies
should operate to identify those affected, and assist survivors by offering a conti-
nuum of immediate and follow-up services specifically designed to assist them in
adjusting to the loss (Paul, 1995). Monitoring of grieving processes in the months
following a suicide, particularly in relation to the onset of depressive symptoms
among survivors, is particularly pertinent. Generally, it is considered that if
depressive symptomatology persists for longer than six months after bereave-
ment, then that depression should be treated in its own right rather than
simply being considered part of a grief and mourning process that will resolve
spontaneously (I.A.S.P. Executive Committee, 1999). In the long-term follow-
up of survivors of suicide, particular attention should also be attended to death
anniversaries, which may provoke suicidal impulses in survivors.
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RECOMMENDATIONS IN RESPONSE TO SUICIDE
PREVENTION ISSUES

National and international data that exist on suicide and non-fatal suicidal behaviour may be

grossly underestimated.

. Enhanced monitoring and recording of suicide mortality statistics should be
encouraged through the development of death classification criteria and defini-
tions of suicide and suicidal behaviour that are comparable within and across
nations. Improved training of coroners and medical examiners is also required.

. Registries of non-fatal suicidal behaviour for clinical surveillance and research
purposes need also to be developed. National registries documenting non-fatal
suicidal behaviour may enable the regional, national and international compar-
ison of data.

. Increased detection, referral and monitoring of suicidal persons in a diversity of
settings (e.g. medical and health, school, police, community and welfare) may
improve data related to suicide and attempted suicide.

. Efforts to link suicide data across avariety of realms including hospitals, psychia-
tric andmedical institutions, coroners andpolicemay improve data accessibility.

Further research efforts are required to clarify risk and protective factors for suicide.

. Clinical trials are required to determine the specific effects on suicide of reducing
hopelessness.

. Biological predictors of suicidal behaviour should be sought through prospective
studies examining changes in brain functioning over time.

. Genetic studies are required to examine the relationship between genetic predis-
position and family history of suicide. Studies searching for genes associatedwith
suicidal behaviour, aggression and impulsivity should also be undertaken.

Many countries lack comprehensive nationally based suicide prevention strategies.

. Suicide prevention programmes should be adopted at a national level and
supported by public policies that address the social determinants of suicidal
behaviour.

. Overthrowing legal sanctions against suicide and suicidal behaviour in some
cultures may reduce social stigma associated with psychiatric illness and suicide
and consequently benefit suicide rates.

. Prevention and intervention initiatives should be based on research, carefully
designed with appropriate controls, and rigorously evaluated with long-term
follow-up.

. National suicide prevention programmes should provide direction for the devel-
opment and implementation of regional and local level services and
programmes.
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. Suicide prevention and intervention initiativesmustbe assessed in order to deter-
mine whether or not particular programmes may be applicable to other
population groups.

The primary health care and mental health care professions are in a particularly relevant

position to prevent suicide.

. Funding should be directed toward the clinical development and evaluation of
screening tools that assess risk factors for suicide.

. Evidence-based guidelines for suicide risk identification, assessment and referral
should be implemented in the primary health care setting.

. Improved training of health care professionals in suicide risk assessment may
impact significantly upon suicide rates.

. Physicians should refer patients with multiple risk factors for suicide to consulta-
tionwith a mental health professional.

. Mental health services should be easily accessible, affordable, and culturally
appropriate for all members of the community, particularly in under-serviced,
at-risk populations.

The efficiency of pharmacological treatment interventions in preventing suicidality is largely

unknown.

. Randomized controlled trials standas the best form of methodological investiga-
tion that may determine the impact of pharmacological interventions upon
suicide.

. Future clinical trials are needed to investigate the long-term effects of a range of
pharmacological agents that are used in the treatment of suicidal individuals.
Particular focus should be placed upon the effect of psychiatric medications on
suicide and non-fatal suicidal behaviour, as well as on factors related to
symptomatology, side effects, relapse rates and compliance with medications
prescribed.

The efficiency of psychosocial treatment interventions in preventing suicidality is largely

unknown.

. Psychosocial interventions are essential in the treatment and rehabilitation of
suicidal individuals. Such interventions may reduce the impact of psychological
and social risk factors for suicide and inadvertently reduce suicidality, particu-
larly when treatment is combined with psychiatric medication.

. Randomized controlled trials are necessary to determine the direct impact of
psychosocial interventions on suicide rates.

. Clinical trials of future suicidal behaviour among hospital-treated suicide
attempters in relation to treatment effectiveness are required.
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Measures to alter the environment may contribute significantly to reduce suicide rates.

. Access to lethal means of suicide should be addressed through legislative efforts
and national suicide prevention guidelines. Such efforts should attend to the
availability of firearms, domestic gases, gun possession, the detoxification of
domestic gas, the detoxification of car exhaust emissions, the control of toxic
substance availability and the media portrayal of suicide events.

Community-based efforts comprise a significant component in the suicide prevention agenda.

. Community-based suicide prevention initiatives shouldbe developedand imple-
mented in association with nationally defined suicide prevention targets and
outcomes.

. Appropriate government funding is essential for the development, implementa-
tion and evaluation of community-based programmes and services.

. Community-based suicide prevention efforts should engender educational
campaigns, support groups for survivors of suicide, and suicide prevention
centres, as well as crisis intervention services.

. The training of lay-workers such as police officers, ambulance and emergency
personnel, teachers, youth workers, clergy, and other community members is
also an important suicide prevention initiative.
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Neurobiology of Depression

PhilJ. Cowen
University Department of Psychiatry,Warneford Hospital, Oxford, UK

INTRODUCTION

The aetiology of major depression is multifactorial and incompletely understood.
Epidemiological research has identified several interacting risk factors for depres-
sion, including genetic inheritance, childhood adversity, neuroticism and past
history of mood disorder. In people predisposed to mood disorder depression is
often precipitated by stressful life events (see Kendler et al., 1992). The intimate
psychological relationship between stress and depression is reflected by the involve-
ment of common neurobiological mechanisms. In this sense depressive episodes can
be seen as an idiosyncratic reaction to stress. This kind of thinking has informed
much research on the pathophysiology of depression particularly with regard to
the role of the hypothalamic^pituitary^adrenal (HPA) axis (see below).

There is general agreement that the clinical syndrome of major depression must
be associated with characteristic neurobiological changes within the brain.
However, we do not know if differing aetiologies will be associated with distinct
pathophysiologies. In addition, it is unclear how far specific clinical syndromes
will correlate with particular neurobiological changes.

The fact that people with depression can often make complete clinical recoveries
(often without specific treatment) led to the idea that the relevant patho-
physiological abnormalities might consist largely of reversible neurochemical
changes. However, depression often has a poor prognosis and may become more
treatment-resistant as the number of episodes increases (Greden, 2001). This has
given rise to new investigations which have sought to discover whether depression
may be associated with a distinct cellular and structural pathology. There is also
more interest in whether some biochemical abnormalities seen in acutely depressed
patients may persist into remission and recovery and may therefore represent trait
markers of vulnerability to mood disorder.
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Pathophysiological studies in depression cover a very wide range of disciplines
and methodologies. Hence any review must be selective. The present discussion
will focus on areas where there is reasonable level of consensus on the presence of
relevant abnormalities and where new developments have produced fresh insights.
The idea thatmonoamine neurotransmission is abnormal in depression is anoldone
but supported by recent brain imaging and pharmacological challenge studies
(Table 7.1 and Table 7.2). Monoamine neurotransmitters and the HPA axis play a
key role in adaptation to the effects of stress and abnormal HPA activity continues
to be a focus for studies of pathophysiology as well as new drug development.
Finally, recent work on functional and structural brain imaging throws light on the
specific brain regions that mediate key symptoms of depressive disorders. These
brain regions appear to possess abnormalities in cellular architecture making it
possible that depression is, in fact, associated with morphological brain
abnormalities that represent a long-term risk factor for the development of
recurrent illness.

MONOAMINE NEUROTRANSMITTERS

The monoamine hypothesis suggests that depressive disorder is due to an abnorm-
ality in amonoamine neurotransmitter systematone ormore sites in thebrain. In its
early form, the hypothesis suggested a changed provision of the monoamine; more
recent elaborations postulate alterations in receptors aswell as in the concentrations
or the turnover of the amines. Three monoamine transmitters have been impli-
cated: serotonin (5-hydroxytryptamine; 5-HT), noradrenaline, and dopamine. To
a great extent this hypothesis was derived from knowledge of the effects of
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TABLE 7.1 Some 5-HTabnormalities in major depression

; Plasma tryptophan
; Prolactin response to 5-HTreuptake inhibitors
; Hypothermic response to 5-HT1A receptor agonists
; Growth hormone response to 5-HT1D agonists
; Corticol and raphe 5-HT1A receptor binding (PET)
; Corticol 5-HT2A receptor binding (PET)
; Brain stem 5-HT transport binding (SPET)

?Relapse of depressive symptoms following tryptophan depletion

TABLE 7.2 Some catecholaminergic abnormalities in major depression

; Growth hormone response to a2-adrenoceptor agonist
; Growth hormone response to D2 receptor agonist
; Levels of HVA in CSF

Relapse of depressive symptoms afterAMPT



antidepressant drugs onmonoaminemechanisms in animals. However, the fact that
increasingNAand 5-HTfunction canproduce antidepressant effects does notmean
that impaired NA and 5-HT function is necessarily involved in causing depression.
Nevertheless, recent investigations in unmedicated depressed patients suggest that
there are indeed changes in NA and 5-HT function in depression.

5-HT Function

PlasmaTryptophan

The synthesis of 5-HTin thebrain depends on the availability of its precursor amino
acid, L-tryptophan. Plasma tryptophan levels are decreased in untreated depressed
patients, particularly in those withmelancholic depression (Anderson et al.,1990a).
Studies in healthy subjects have shown that weight loss through dieting can lower
plasma tryptophan (Anderson et al., 1990b), and this factor appears to explain
some, but not all, of the reduction in plasma tryptophan seen in depression.
Decreases in plasma tryptophan may contribute to the impairments seen in brain
5-HTfunction in depressed patientsbut are probably not an important causal factor
(Anderson et al., 1990a).

Studies of Cerebrospinal Fluid

Indirect evidence about 5-HT function in the brains of depressed patients has been
sought by examining cerebrospinal fluid (CSF). Numerous studies have been
carried out, but overall the data do not suggest that drug-free patients with major
depression have a consistent reduction in CSF concentrations of 5-hydroxyindo-
leacetic acid (5-HIAA), the main metabolite of 5-HT formed in the brain.
However, there is more consistent evidence that depressed patients who have made
suicide attempts have low CSF 5-HIAA levels (Asberg et al., 1976).

This finding is not restricted to patientswith depression. It has also been reported
in, for example, patients with schizophrenia and personality disorder who have
histories of aggressive behaviour directed towards themselves or other people. It
has been proposed that low levels of CSF 5-HIAA, while not related specifically to
depression, may be associated with a tendency of individuals to respond in an
impulsive and hostile way to life difficulties (see Brown and Linnoila,1990).

Studies of Post-mortem Brain

Measurements of 5-HTand 5-HIAA have been made in the brains of depressed
patients who have died, usually by suicide. Although this is a more direct test of the
monoamine hypothesis, the results are difficult to interpret for two reasons. First,
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the observed changes may have taken place after death. Second, the changes may
have been caused before death but by factors other than the depressive disorder, for
example by anoxia or by drugs used in treatment or taken to commit suicide.
Overall there is little consistent evidence that depressed patients dying from natural
causes or suicide have lowered brain concentrations of 5-HTor 5-HIAA (Horton,
1992).

Recently, multiple 5-HT receptors have been described in mammalian brain.
There have been a number of reports that the density of brain 5-HT2A receptors in
certain cortical regions is increased in patients dying by suicide, particularly if
violent means were used. However, there are some negative studies (Horton,1992).
Similarly there are inconsistent reports of changes in 5-HT1A receptors (Matsubara
et al., 1991; Lowther et al., 1997).There is rather more consensus that the density of
serotonin transporters may be decreased in suicide victims (Stanley et al., 1982;
Leake et al., 1991).

Neurochemical Brain Imaging Studies

Recent developments in brain imaging with selective labelled ligands has
allowed assessment of certain brain 5-HT receptor subtypes in vivo. In contrast
to the post-mortem studies in suicide victims, the density of 5-HT2A receptor
binding tends if anything to be decreased in unmedicated depressed patients
(Meyer et al., 1999; Yatham et al., 2000). There is also evidence of a widespread
modest decrease in 5-HT1A receptor binding throughout cortical and subcortical
regions, and in the raphe nuclei (Drevets et al., 1999; Sargent et al., 2000). These
changes do not appear to reflect an effect of treatment and treatment with selective
serotonin re-uptake inhibitors produces remarkably little effect on 5-HT1A receptor
binding in depressed patients. (Sargent et al., 2000). Finally there are probably
reductions in brain stem 5-HT transporter sites in depressed subjects, consistent
with a decrease in the density of 5-HTcell bodies (Malison et al., 1998; Willeit
et al., 2000).

NeuroendocrineTests

The functional activity of 5-HTsystems in the brain has been assessed by giving a
substance that stimulates 5-HT function and by measuring an endocrine response
that is controlled by 5-HT pathways ^ usually the release of prolactin, growth
hormone or cortisol. Neuroendocrine challenge tests have the advantage that they
measure an aspect of brain 5-HT function. However, the 5-HTsynapses involved
presumably reside in the hypothalamus, which means that important changes in
5-HT pathways in other brain regions could be missed (see Cowen, 1998). A
number of drugs have been used to increase brain 5-HT function for the purposes
of neuroendocrine challenge.
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Studies in unmedicated depressed patients have shown consistent evidence that
5-HT-mediated endocrine responses are blunted in depressed patients. The
evidence is most consistent for drug challenges that increase 5-HT function via
pre-synaptic mechanisms (Cowen, 1998). Thus the prolactin response to acute
administration of 5-HTreuptake inhibitors is reliably blunted in depressed patients
(Anderson et al., 1992; Golden et al., 1992; Kapitany et al., 1999; Bhagwagar et al.,
2002). However, there is also evidence from endocrine studies that post-synaptic
5-HT1A and 5-HT1D receptor sensitivity may be decreased, particularly in patients
with melancholic symptoms (Lesch et al., 1992; Whale et al., 2001). Certain
abnormalities in 5-HT neuroendocrine responses, for example, blunted prolactin
release to 5-HT reuptake inhibitor challenge, appear to persist upon clinical
recovery suggesting that they are trait markers of vulnerability to depression
(Bhagwagar et al., 2002) (Figure 7.1).

Hypothermic responses to 5-HT1A receptor agonist challenge probably represent
activation of 5-HT1A autoreceptors in the raphe nuclei and these responses are
blunted in melancholic depressed patients (Lesch, 1992; Cowen et al., 1994). This
suggests an impaired sensitivity of 5-HT1A autoreceptors. This would be expected
to free 5-HT neurons from feedback control and therefore would not explain
decreased presynaptic 5-HT function. It could represent an adaptive change
attempting to facilitate 5-HT neurotransmission and amodulatory effect of cortisol
hasbeen suggested (Young et al.,1994). Certainly treatment with selective serotonin
reuptake inhibitors decreases the sensitivity of 5-HT1A autoreceptors in both
animals and humans, supporting proposals that desensitization of raphe 5-HT1A
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Figure 7.1 Mean (+SEM) prolactin response to intravenous citaloprammeasured as area
under the curve (AUC) in unmedicated acutely depressed patients, recovered depressed
patients and healthy controls. Responses in both patient groups are significantly less than
the controls (reproduced from Bhagwagar et al., 2002 State and trait abnormalities in
serotonin function in major depression. BritishJournal of Psychiatry 180: 24^28)



autoreceptors plays an important role in antidepressant action (Blier and de
Montigny,1994).

Tryptophan Depletion

While the findings outlined above provide strong evidence that aspects of brain
5-HT neurotransmission are abnormal in depression, they do not reveal whether
these changes are central to pathophysiology or might instead represent some form
of epiphenomenon. To assess this it is necessary to study the psychological
consequences of lowering brain 5-HT function in healthy subjects and those at risk
of mood disorder.

As mentioned above, the synthesis of brain 5-HT is dependent on the brain
availability of its amino-acid precursor, L-tryptophan. It is possible to produce a
transient lowering of plasma tryptophan and brain 5-HT function over a few hours
by administering a mixture of amino acids that lack tryptophan.This procedure is
called tryptophan depletion.Tryptophan depletion in subjects with no personal or
family history of mood disorder has little measurable effect on mood and certainly
does not produce significant clinical depressive symptomatology (Smith et al.,
1997a). In contrast, unmedicated euthymic patients with a personal history of
mood disorder undergo a rapid but temporary depressive relapse when exposed to
tryptophan depletion (Smith et al., 1997b). A recent meta-analysis suggests that a
number of factors predict relapse to tryptophan depletion in those at risk of mood
disorder. These factors include female gender, a history of suicide attempts and
recurrent illness (Booij et al., 2002).

Overall the studies withTRP depletion suggest that low brain 5-HT function is
not sufficient to cause depressionbecause tryptophan depletion fails to altermood in
those not vulnerable to mood disorder. However, in people vulnerable to
mood disorder, lowering brain 5-HT function can result in clinical depressive
symptomatology.

Noradrenaline Function

Metabolism and Receptors

There is no consistent evidence that brain or CSFconcentrations of noradrenaline
or its major metabolite 3-methoxy-4-hydroxy-phenylethylene glycol (MHPG) are
altered in depressed patients (see Anand and Charney, 2000). As with 5-HT
receptors, noradrenaline receptors in the brain can be divided into a number of
subclasses. There is some evidence that depressed patients dying of natural causes
and those who commit suicide have lowered a1-adrenoceptor binding in some
brain regions, though different studies have implicated different brain regions
(Horton,1992).
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NeuroendocrineTests

Increasing brain noradrenaline function elevates plasma concentrations of ACTH,
cortisol, and growth hormone. There is fairly consistent evidence that the
growth hormone response to both the noradrenaline re-uptake inhibitor
desipramine and the noradrenaline receptor agonist clonidine is blunted in patients
with melancholic depression (Checkley, 1992). Clonidine acts directly on post-
synaptic a2-adrenoceptors in the hypothalamus to increase plasma growth
hormone, and therefore the blunted response in depressed patients suggests a
decreased responsivity of these postsynaptic a2-adrenoceptors or of mechanisms
linked to them.These responses may persist after clinical recovery, suggesting that
they could represent trait markers of vulnerability to depression (Mitchell et al.,
1988). Other biochemical and behavioural responses to clonidine, including
changes in plasma MHPG and sedation, are not altered in depressed patients,
suggesting that any deficit in a2-adrenoceptor function is fairly localized, probably
to the hypothalamus (Anand and Charney, 2000).

Catecholamine Depletion

It is possible to lower the synthesis of catecholamines by inhibiting the enzyme
tyrosine hydroxylase, which catalyses the conversion of the amino acid, tyrosine to
L-dopa, a precursor of both noradrenaline and dopamine.The drug used to achieve
this effect is a-methyl-para-tyrosine (AMPT). In healthy subjects AMPT produces
sedation but no significant depressive symptoms. As with tryptophan depletion,
however, when administered to recovered depressed patients off drug treatment it
causes a striking clinical relapse in depressive symptomatology (Berman et al.,
1999). This could be mediated either by diminished dopamine or noradrenaline
function, or by combined inhibition of both these neurotransmitters.

These findings suggest that subjects at risk of mood disorder are vulnerable to
decreases in both 5-HTand catecholamine neurotransmission. This is consistent
with the clinical evidence that drugs acting selectively on noradrenaline or 5-HT
pathways are effective antidepressant treatments.

Dopamine Function

The function of dopamine in depression has been less studied than that of 5-HTor
noradrenaline but there are a number of reasons for thinking that dopamine
neuronsmaybe involved in the pathophysiologyof the depressed state. For example,
dopamine neurons in the mesolimbic system play a key role in incentive behaviour
and reward, processes that are disrupted in depression, particularly melancholic
states. Also antidepressant treatments in animals increase the expression of
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dopamine receptors in part of the mesolimbic system called the nucleus accumbens
(Ainsworth et al., 1998).

As yet, there is little direct evidence that dopamine function is abnormal in
depression. Nevertheless, lowered CSF levels of the dopamine metabolite homova-
nillic acid are found rather consistently in patients with depression. However, this
has usually been associated with the clinical syndrome of motor retardation rather
than depression per se (Anand and Charney, 2000). In addition, the growth
hormone response to the dopamine D2 receptor agonist, apomorphine, is probably
blunted in depression, suggesting a subsensitivity of hypothalamic D2 receptors
(Ansseau et al., 1988). Finally, some brain imaging studies in depressed patients
have found increased binding of dopamine D2/D3 receptors in striatal regions; this
has been attributed to lowered presynaptic release of dopamine (seeVerhoeff,1999).
It is now becoming possible to measure the binding of extra-striatal dopamine
receptors in PET paradigms. Findings from such studies in depressed patients will
be of great interest.

Overall these findings, taken with the effect of AMPT to cause relapse in
recovered depression, suggest that impaired dopamine function may play a role in
the manifestation of the depressive syndrome. Dopamine pathways might be
particularly involved in the expression of symptoms such as motor retardation and
anhedonia and their resolution by antidepressant drug treatment.

Monoamines and Depression

There is now good evidence that unmedicated depressed patients have abnormal-
ities in several monoamine mechanisms. However, these abnormalities vary in
extent from case to case, the changes are not large and are not sufficiently sensitive
to be diagnostic.

The most convincing studies that show a key role for monoamines in the patho-
physiology of depression are the tryptophan and catecholamine depletion
paradigms. It is now established that in vulnerable individuals lowering of 5-HT
and noradrenaline and dopamine function is sufficient to cause clinical depression.
Twomajor questions emerge from this work.

(1) What mechanisms produce low monoamine function in depressed patients?
(2) What are the other factors that make those at risk of depression psychologically

vulnerable to manipulations of monoamine function?

A likely explanation is that monoamine pathways innervate neuronal regions
subserving mood regulation and that this mood-related circuitry has pre-existing
abnormalities which are functionally ‘revealed’ by impairment of monoamine
function. It is also possible that monoamine neurons themselves have trait
abnormalities which compromise the regulation of neurotransmitter function

198 _____________________________________________________________________________________ P. J. COWEN



under stressful conditions. There is, in fact, evidence for both these possibilities
(Smith et al., 1999, 2000).

THE HPA AXIS

Plasma and Salivary Cortisol

Much research effort has been concerned with abnormalities in the control of
cortisol in depressive disorders (Table 7.3). It is frequently stated that about half of
patients whose depressive disorder is at least moderately severe, hypersecrete
cortisol. However, this frequency of basal HPA axis hyperactivity may be apparent
only in hospitalized patients (Maes et al., 1994). Increasing evidence from commu-
nity samples suggests that increases in basal levels of plasma and salivary cortisol
may, in fact, be rather unusual in patients with moderate depression (Strickland
et al., 2002). It is, however, possible that the ratio of cortisol toDHEAmight provide
a better discrimination of such patients from controls (Young et al., 2002).

Dexamethasone SuppressionTest

In studying depressed patients, much use has been made of the dexamethasone
suppression test which suppresses cortisol levels via inhibition of corticotrophin
(ACTH) release at pituitary level. This action is believed to be mediated via
activation of glucocorticoid corticosteroid receptors. Again it is often stated that
about 50% of depressed inpatients do not show the normal suppression of cortisol
secretion inducedby giving a1mgdose of the synthetic corticosteroid dexamethasone.
However, not all cortisol hypersecretors are dexamethasone resistant and in outpa-
tient samples rates of dexamethasone non-suppression are considerably lower.

Dexamethasone non-suppression is more common in depressed patients with
melancholia, but it has notbeen reliably linkedwith anymore specific psychopatho-
logical feature (Holsboer, 1992). However, abnormalities in the dexamethasone
suppression test are not confined to mood disorders; they have also been reported
in mania, chronic schizophrenia and dementia. This lack of diagnostic specificity
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TABLE 7.3 HPA axis abnormalities in depression

: Basal secretion of cortisol (severe depression)

Resistance to cortisol suppressing action of dexamethasone

; ACTH response to CRH
: ACTH/cortisol response to dexamethasone/CRH test
: Cortisol response toACTH
: CRH level in CSF



diminished early hopes that dexamethasone non-suppression could be used as a
diagnostic marker of melancholic depression. Nevertheless, dexamethasone non-
suppression does predict a poorer response to placebo treatment in drug trials and
a high risk of relapse in apparently recovered depressed patients (Ribeiro et al.,
1993).

A number of studies have examined the effects of corticotrophin-releasing
hormone (CRH) on ACTH and cortisol release in depressed patients. In general
ACTH responses are blunted while cortisol responses are normal (see Dinan,
2001).The decrease in ACTH responses has been attributed to down-regulation of
CRH receptors in the pituitary, presumably as a result of excessive CRH release.
The preservation of cortisol responses may stem from the fact that the adrenal
gland has a heightened response toACTH in depression (see below). More recently
the dexamethasone test has been combined with administration of CRH. In
depressed patients, unlike controls, CRH continues to produce increases in ACTH
and cortisol despite the presence of dexamethasone. This has been attributed to
impaired dexamethasone feedback, perhaps due to abnormal corticosteroid
receptor function (Modell et al., 1997). The combined dexamethasone/CRH test
appears to have a higher rate of abnormality than the simple dexamethasone test
in acutely depressed patients (Heuser et al., 1994). Moreover, subjects at genetic
risk of depression who have not been ill themselves also have exaggerated ACTH
and cortisol responses following CRHand dexamethasone (Holsboer et al., 1995).

Causes of HPAAxis Activity in Depression

The cause of cortisol hypersecretion in depressed patients is not clearly established.
As described above, there seem to be abnormalities at various points in the
regulation of the HPA axis. In addition, the adrenal gland itself appears to be
enlarged and more responsive to the effect of ACTH (Dinan, 2001). Cortisol is a
tropic hormone and therefore persistent hypersecretion of cortisol might explain
this phenomenon.

It has been suggested that, taken together, abnormalities in cortisol regulation in
depression can best be explained by hypersecretion of CRH in the hypothalamus
with a resultant increase in ACTH and cortisol release (Dinan, 2001).This in turn
might be attributable to impaired feedback due to decreased sensitivity of corticos-
teroid receptors and it is therefore of interest that many classes of antidepressant
medication up-regulate corticosteroid receptors (see McQuade andYoung, 2000).
Another contributory factor might be increased production of arginine vasopressin
(AVP) which often occurs in situations of CRH overdrive. AVP also contributes to
ACTH release and would potentiate the effects of CRH in this respect (Holsboer,
1999; Dinan, 2001).
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Role in Pathophysiology

In general HPA axis changes in depressed patients have been regarded as state
abnormalities, that is they remit when the patient recovers.There is some evidence,
however, that subtle changes in HPA axis function, for example in ACTH and
cortisol responses to the dexamethasone/CRH test, may persist in recovered
depressed subjects. This suggests that some vulnerable individuals may have fairly
enduring abnormalities in HPA axis regulation (Modell et al., 1998). Interestingly,
in experimental animals early adverse experiences produce longstanding changes
in HPA axis regulation, indicating a possible neurobiological mechanism whereby
childhood traumacouldbe translated into increased vulnerability tomooddisorder
(Plotsky andMeaney,1993). Recent studies confirm that adults whowere abused as
children have heightened HPA axis responses to stress (Heim and Nemeroff, 2000).
In addition the CRH/dexamethasone studies referred to above suggest that genetic
factors might also predispose to HPA axis abnormalities (Holsboer,1999).

In addition to its effects on cortisol secretion, CRHmay play amore direct role in
the aetiology of depression. It is well established that CRH has a neurotransmitter
role in limbic regions of the brainwhere it is involved in regulating biochemical and
behavioural responses to stress. Administration of CRH to animals produces
changes in neuroendocrine regulation, sleep, and appetite that parallel those
found in depressed patients. Furthermore, CRF levels may be increased in the CSF
of depressed patients.Therefore it is possible that hypersecretion of CRH could be
involved in the pathophysiology of the depressed state and non-peptide antagonists
of CRHreceptorsmayhave value as antidepressant agents (seeHeimandNemeroff,
2000 ). Other possible approaches to the treatment of depression include glucocorti-
coid receptor antagonists and AVP receptor antagonists (McQuade and Young,
2000).

Taken together the data indicate that in some patients stressful life experiences
may interact with a predisposition to abnormal HPA axis regulation to produce
sustained HPAoveractivity. In some subjects this could lead to a depressive disorder
either through a direct effect of cortisol and CRH on relevant brain circuits or via
impairment of monoamine function (see below). It is worth noting, however, that
increased secretion of cortisol per se does not necessarily lead to depressive
symptoms. For example, non-depressed carers of patients with Alzheimer’s disease
have increased basal levels of salivary cortisol (Da Roza Davis and Cowen, 2001)
which presumably may represent an adaptive response to the stress of caring.

Cortisol,Monoamine Function and NeuronalToxicity

Recent work has shown that corticosteroids regulate the genomic expression and
function of a number of monoamine receptors in the brain. For example, it has been
shown that corticosteroids can decrease the expression of postsynaptic 5-HT1A
receptors in the hippocampus; this finding has led to the suggestion that excessive
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cortisol secretionmay precipitate depressive states through decreasing 5-HTneuro-
transmission (Dinan et al., 1994). Experimental studies of animals have also linked
excessive cortisol secretion in depression to damage to neurons in the hippocampus
(see McEwen et al., 1997; McQuade and Young, 2000). Subsequently, it has been
suggested that chronic cortisol hypersecretion could be associated with the
cognitive impairment which may be a particular feature of chronic depression (for
a review of this area see McAllister-Williams et al., 1998).

BRAIN STRUCTURE IN DEPRESSION

Changes in BrainVolume

Computerized tomography (CT) and magnetic resonance imaging (MRI) have
identified a number of abnormalities in patients withmajor depression, particularly
in those with more severe and chronic disorders (see Steffens and Krishnan, 1998).
The most consistent findings are enlarged lateral ventricles, volume loss in frontal
and temporal lobes, decreased hippocampal volume and decreased volume of basal
ganglia structures. Although it is has been generally believed that changes in brain
volume may represent long-term consequences of depression, perhaps associated
with cortisol hypersecretion, more recent work indicates that decreases in
hippocampal volume may, in fact, be present early in the course of the illness
(Frodl et al., 2002). Such changes could therefore represent a vulnerability factor
to depression and play a role in pathophysiology. The hippocampus also plays an
important role in HPA axis regulation which provides an intriguing link between
hippocampal dysfunction and abnormal HPA activity.

Another finding that has aroused particular interest is a decrease in grey matter
volume of subgenual prefrontal cortex because this abnormality has been linked to
lowered prefrontal perfusion in PET investigations and reduced glial cell numbers
in post-mortem studies (Drevets et al., 1998; Ongu« r et al., 1998) (see below).
Changes in this brain area could also represent a long-term vulnerability factor for
the development of mood disorders. A general theme from imaging studies is that
patients with structural abnormalities are less likely to respond to treatment.

White and Grey Matter Hyperintensities

Hyperintense MRI signals can be detected in a number of regions in both normal
ageing and patients with major depression. The usual sites are in the deep white
matter and subcortical grey matter. In major depression, increased deep white
matter hyperintensities are associated with late onset of depressive disorder, greater
illness severity and poorer treatment response, apathy, psychomotor slowness and
retardation. It has been proposed that major depression with these clinical and
radiological features is more likely to be of vascular origin (Steffens and Krishnan,
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1998). In this situation, therefore, vascular abnormalities in brain regions relevant
to mood regulation are likely to play a direct role in pathophysiology.

REGIONALCEREBRAL BLOODFLOWANDMETABOLISM

Cerebral blood flow canbemeasured in a number of wayswith, for example, single-
photon emission tomography (SPET) or positron emission tomography (PET); the
latter can also measure cerebral metabolism. Cerebral blood flow and metabolism
are normally highly correlated.

Numerous studies have examined both cerebral metabolism and blood flow in
groups of depressed patients.The findings have often been contradictory, and there
aremanymethodological factors such as patient selection, drug status, and imaging
techniques thatmay account for the discrepant findings. Nevertheless, there is some
consensus that depressed patients have evidence of altered cerebral blood flow and
metabolism in several regions including prefrontal cortex, anterior cingulate
cortex, amygdala and thalamus and caudate nucleus (see Goodwin,1996).

Taken together, the abnormalities in functional brain imaging in depression
support a circuitry model in which mood disorders are associated with abnormal
interactions between several brain regions rather than a major abnormality in a
single structure.The circuits implicated involve regions of the frontal and temporal
lobe as well as related areas of basal ganglia and thalamus (Drevets, 1998). Some
tentative correlations between these brain regions and clinical depressive features
are shown inTable 7.4.

NEUROPATHOLOGYOF DEPRESSION

There are a growing number of post-mortem neuropathological investigations of
patients with bipolar disorder and major depression. Much of the focus of this work
hasbeen in prefrontal cortex and hippocampusbecause of structural and functional
imaging studies implicating these brain regions in the pathophysiology of
depression.The work is at preliminary stage but taken together the data suggest a
decrease in density of glia as well the density and size of some neurons in frontal
brain regions. In anterior cingulate cortex Benes et al. (2001) found a decreased
density of interneurons as well as a trend towards a lower density of pyramidal
neurons.

The data implicating abnormalities in GABA-ergic interneurons and gluta-
matergic pyramidal cells are of interest given preliminary MRS findings of
lowered cortical GABA and glutamate levels in patients with acute major
depression (Sanacora et al., 2000; Auer et al., 2000). However, loss of glia could
also contribute to decreased synthesis of GABA. In addition, glial cells possess
several different neurotransmitter receptors and it is conceivable that lowered
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cortical 5-HT1A receptor binding, for example, could reflect decreased glial cell
density (see Harrison, 2002).

There is less evidence of consistent pathological abnormalities in other brain
regions in depressed patients including the hippocampus. In bipolar disorder
however, some studies have found synaptic and dendritic pathology in hippo-
campus. For example, Rosoklija et al. (2000) found decreased arborization of
apical dendrites and reduced density of spines on subicular pyramidal neurons.
Neuropathological studies of the raphe nuclei are clearly of great interest but the
current data are contradictory (see Harrison, 2002).

NEUROTROPIC FACTORS IN DEPRESSION

There is growing interest in the possible role of neurotropic factors in the pathophy-
siology of depression and the actions of antidepressant drugs.Within the family of
neurotrophic factors, brain-derived neurotropic factor (BDNF) is the most widely
distributed and abundant in the brain. Neurotropic factors play a key role in
neuronal differentiation and development but in addition are required for the
survival and function of neurons in the adult brain (see Duman et al., 2000).

Stress and corticosteroid treatment both result in decreased expression of BDNF
in hippocampus in granular cells and pyramidal cells in CA1 and CA3 regions.
Down-regulation of BDNFcould contribute to the stress-induced atrophy of CA3
apical dendrites seen in rodents and non-human primates and possibly in patients
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TABLE 7.4 Some neuropsychological correlates of altered central perfusion in depressed
patients

Dorsolateral and dorsomedial prefrontal cortex

. Cognitive dysfunction (particularly executive dysfunction) and cognitive slowness

Orbital and lateral prefrontal cortex

. Abnormal emotional processing

. Ruminative thinking

Anterior cingulate

. Impaired attentional processes

. Abnormal emotional processing

Amygdala

. Abnormal emotional processing

. Anxiety symptoms

Basal ganglia

. Impaired incentive behaviour

. Psychomotor disturbances



with mood disorders (see above). Interestingly treatment with antidepressant
medications increases BDNF expression in hippocampus and also blocks stress-
induced BDNFdown-regulation (Duman et al., 1997).

These findings have given rise to a neurotropic hypothesis of depression in which
stress leads to decreased production of neurotrophins which in turn results in
depressive symptomatology, particularly in those with pre-existing impairment of
hippocampal function. Impaired hippocampal function could lead to some of the
cognitive impairments seen in depression as well as contributing to abnormal HPA
axis activity (Duman et al., 1997, 2000).

CONCLUSIONS

The predisposition to depressive disorders has important genetic determinants.The
pathophysiological level atwhichgenetic factors operate is not known. Itcouldbevia
effects on the regulation of monoamine neurotransmitters or through more remote
factors suchas temperament, the liability to experience life events andthepsychobio-
logical response to them. Adverse early experience such as parental discordor abuse
of various kindsmayalso play apart in shaping features of personality which in turn
determinewhether, in adult life, certain events are experienced as stressful. In addi-
tion early experiences could programme the HPA axis to respond to stress in a way
thatmight predispose to the development of mooddisorder.

Major depression is commonly precipitated by stressful life events. Various
biochemical theories can be used to explain how life stress and difficulty could be
translated into the neurochemical changes that characterize depressive disorders.
An abnormal HPA axis response to stress, particularly in more severe depressive
states, seems likely to be involved in the pathophysiology of depression.Monoamine
neurotransmitters are also involved in regulating responses to stress and in
modifying behaviours known to be altered in mood disorders. It seems likely that
both external events and a genetic predisposition bring about the changes in HPA
axis activity and brain monoamine function that are seen in depressed patients. In
predisposed subjects reduction in monoamine neurotransmission can bring about
clinical symptomatology. Depressive states are associated with altered cerebral
activity particularly in frontal cortex. In some patients, particularly those with
recurrent illness, there is evidence for underlying neuropathological changes
which probably act as a further predisposing factor (for a simplified model see
Figure 7.2).

Major depression is a disorder with complex, environmental, and interpersonal
determinants.These factors do not interact in a simple additive manner but modify
each other in direct and indirect ways (Kendler et al., 1993). This formulation
suggests that depressive states may involve a number of different pathophysiologies
which could account for the commonclinical experience that several different kinds
of treatment are necessary to treat the broad range of patients whomeet operational
criteria for major depression.
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Stress and Depression:

the Inflammatory Hypothesis
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INTRODUCTION

Currentmodels concerning thebiological pathophysiology of depression emphasize
the role of brain monoaminergic neurotransmitters, such as serotonin (5-HT) and
catecholamines, and the hypothalamic^pituitary^adrenal (HPA)-axis. However,
over the last number of years a largebodyof evidence suggests thatmajor depression
is associated with activation of the inflammatory response system (IRS) (Connor
and Leonard 1998; Holden et al., 1997; Maes 1993, 1995, 1997; Maes and Smith
1997; Maier and Watkins 1995). The hallmarks are in vivo stimulation of some
aspects of cell-mediated immunity, the presence of an acute phase (AP) response
and increased production of proinflammatory cytokines.

CYTOKINES ANDTHE IMMUNE RESPONSE

Cells of the Immune System

In this chapter, several lines of evidence for an activation of the IRS in major
depression are discussed. A brief review of the most important cells and signalling
molecules of the immune system is therefore appropriate.

The major part of the immune system comprises circulating leucocytes (white
blood cells). The most important are monocytes, T- and B-lymphocytes (T- and
B-cells), neutrophils, and natural killer (NK) cells. Monocytes recognize
invading microorganisms and take them up via phagocytosis. Monocytes
degrade the microorganisms in small peptides that bind with endogenous major

_________________________________________________________________________________________________ CHAPTER

Mood Disorders: Clinical Management and Research Issues.
Edited by Eric J. L. Griez, Carlo Faravelli, David J. Nutt and Joseph Zohar

Copyright  2005 John Wiley & Sons, Ltd. ISBN: 0-470-09426-5



histocompatibility class II (MHC-II) proteins. This complex is expressed at the
cell membrane in such a way that the peptides from the microorganism are
presented to T- and B-lymphocytes. Besides monocytes, also macrophages
(which are derived from blood-borne monocytes and reside in tissue) and
dendritic cells (present in lymph nodes, but not derived from monocytes) express
foreign peptide complexes and collectively they are termed antigen presenting
cells (APCs). Neutrophils are highly phagocytic cells that are attracted to the
site of infection, where they phagocytose present microbes and/or apoptotic or
necrotic cells. NK cells primarily destroy infected and malignant cells. Since
the abovementioned cell types form the first line of defence against invading
organisms, they are part of the innate immune system.

On the other hand, lymphocytes are the cells of the acquired immune system.
Whereas monocytes, macrophages and neutrophils recognize conserved molecules
on microbes, lymphocytes express specialized receptors that interact with the
peptide/MHC-II complex on APCs. This interaction activates only those
lymphocytes that bear the respective receptor that recognizes this complex. For
B-lymphocytes this recognition is established through a membrane-bound anti-
body of the IgD type. Upon interaction with the APC, the B-cell is stimulated to
proliferate and differentiate into an antibody-producing plasma cell. These anti-
bodies then opsonize the respective microbes, which facilitates phagocytosis by
phagocytic cells. Two major sets of T-lymphocytes can be distinguished: T-helper
(Th-) and cytotoxic T (Tc-) cells. Both have aT-cell receptor that (as antibodies
from B-cells) recognize specific peptide sequences in conjunction with MHC-II.
Activated Th-cells secrete certain molecules (cytokines) that regulate the activity
of other immunocompetent cells. Accordingly they are very important regulators
of the immune response. Tc-cells mainly destroy cells infected with viruses or
intracellular bacteria.

Lymphocyte subsets canbe characterized ex vivo by specific molecules at the cell
surface. Th-cells express CD4, Tc-cells CD8, B-cells CD19, and activated T-cells
express CD25. In this way, percentage and number of Th-, Tc-, B- and activated
T-cells can be determined. For more detailed information concerning the different
cell types of the immune system, see Delves and Roitt (2000).

Cytokines

The concerted action of all the immune cells requires tight regulation and commu-
nication.This is establishedby twomeans: cell^cell contact and the production and
secretion of soluble signalling molecules called cytokines. Although both are
mutually important, the latter are of great interest for depression research, since
cytokines can be measured in blood and are indicative for the actual activity of the
immune response. Cytokines are small (15 to 44 kD) glycoproteins, primarily
secreted by immune cells, but also endothelial, epithelial, and neuronal cells can
produce them. They interact with a specific membrane-bound receptor on target
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cells. Given the large number of known cytokines (there are probably manymore to
be discovered) and the diverse functions attributed to each of them, classification of
cytokines is still obscure. Nevertheless, when examining systemic activity of the
immune system in depressed patients, differentiation into two major groups is
justified, namely proinflammatory and antiinflammatory cytokines. Proinflam-
matory cytokines are mainly produced by activated immune cells and stimulate
others, and, thereby, enhance inflammatory reactions. Antiinflammatory cyto-
kines, on the other hand, tend to inhibit activated cells and temper inflammatory
responses.

Monocytes andmacrophages, activatedby the recognitionof pathogens, produce
a diverse array of proinflammatory cytokines such as interleukin-1 (IL-1), tumour
necrosis factor-a (TNFa), IL-6 and IL-12. IL-1andTNFa promote inflammatory
reactions, i.e. they stimulate other monocytes/macrophages and neutrophils to
migrate to the site of infection and to phagocytosis. IL-6 activates lymphocytes
and induces B-cells to differentiate to antibody producing plasma cells. After the
initial activation, monocytes/macrophages also produce antiinflammatory cyto-
kines or proteins such as IL-10 and IL-1 receptor antagonist (IL-1RA). IL-10 is a
major deactivator of activated monocytes/macrophages, lymphocytes and neutro-
phils, anddirectly inhibits proinflammatory cytokine production. IL-1RAbinds the
IL-1receptor and blocks the action of IL-1.

Thus, themajormonocytic proinflammatorycytokines are IL-1,TNFa and IL-6
and are as such indicative for an activation of the monocytic arm of the immune
system.

ActivatedT-lymphocytes can be divided into two major groups according to the
cytokines they produce, namelyT-helper-1 (Th1-) andTh2-cells. Th1-cells mainly
produce interferon-g (IFNg), IL-2 andTNFb; Th2-cells produce IL-4, IL-5, and
IL-10.These cytokines have differential functions, i.e.Th1cytokines stimulate cell-
mediated immunity (CMI) whereas Th2 cytokines promote humoral immunity.
CMI is characterized by the activation of monocytes/macrophages, neutrophils,
Tc-cells and the stimulation of B-cells to produce opsonizing antibodies (thus
facilitating phagocytic activity). For example, IFNg (produced byTh1-cells) stimu-
lates macrophages to phagocytosis; IL-2 further stimulates Th1-cells and induces
Tc-cells to cytotoxic activity. On the other hand, IL-4 and IL-5 from Th2-cells
mainly stimulate B-cells to produce nonopsonizing antibodies like IgE, and activate
eosinophils, basophils and mast cells, which release several allergic mediators. In
addition, Th1- and Th2- responses are mutually exclusive, i.e. IFNg inhibits
Th2-cells, whereas IL-4 and IL-10 inhibit Th1-cells. This results in a polarization
of the phenotype of the immune response.This phenotype is determinedby the kind
of microbial antigen and the micro-environment at the time of immune activation.
For more information onTh1/Th2-responses and the accompanying cytokines, see
Abbas et al. (1996).

It is clear that the concepts pro/antiinflammatory and Th1/Th2-cytokines are
more or less overlapping. Proinflammatory cytokines induce the production of Th1
cytokines which themselves have proinflammatory capacities; Th2 cytokines are
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antiinflammatory and inhibit Th1- and/or proinflammatory cytokine production.
One exception in this respect is IL-6. It has many proinflammatory properties, but
is, besides monocytes/macrophages, produced byTh2-cells. Nevertheless, IL-6 is
an important activator of the inflammatory response system. A major aspect of
IRS is the acute phase response, which is predominantly induced by IL-6.

As mentioned before, cytokines act through specific membrane-bound receptors.
Some of these receptors canbe released in a soluble form in the circulation. In most
cases, they are shed from the cell membrane of activated leucocytes. For example,
the soluble IL-2 receptor (sIL-2R) is shed from activated T-cells. So, increased
levels of sIL-2R indicate ongoing T-cell activation. Soluble cytokine receptors
usually act as antagonists, since they prevent the respective cytokine from binding
with its receptor on the target cell. Again, IL-6 is an exception to this rule.The IL-6/
sIL-6R complex in serum can bind to gp130, a membrane-bound molecule that
mediates IL-6 signalling.Therefore, sIL-6R can enhance the biological activity of
circulating IL-6.

Direct Indicators of IRS Activation in Depression

Indicators of IRSactivation inmajor depression are confirmed findings of increased
numbers of leucocytes, monocytes, neutrophils and activated T-lymphocytes, and
increased secretion of neopterin and prostaglandins. Flow-cytometry shows an
increased CD4+/CD8+ Tcell ratio and increased numbers of activatedTcells, such
as CD25+ andHLA-DR+Tcells, in depression (Maes1997; Deger et al.,1996;Maes
et al.,1992a,1993a; Seidel et al.,1996). Increasedconcentrations of the soluble inter-
leukin-2-receptor (sIL-2R) also point towardT-cell activation (Maes et al., 1995a).
Other reports include increased concentrations of prostaglandin E2 (PGE2) in
serum, cerebrospinal fluid (CSF) and mitogen-stimulated culture supernatant
(Calabrese et al., 1986; Lieb and Karmali 1983; Linnoila et al., 1983; Song et al.,
1998), and increased serum or urine secretion of neopterin (Bonaccorso et al.,
1998; Duch et al., 1984; Dunbar et al., 1992; Maes et al., 1994a).

Indicators of an acute phase response in major depression are the confirmed
findings on changes in serum concentrations of positive and negative acute phase
proteins (APPs). For example, major depression is characterized by increased
serum levels of positive APPs, such as haptoglobin (Hp), a1-antitrypsin,
caeruloplasmin, a1-acid glycoprotein, C-reactive protein, haemopexin and
a1-antichymotrypsin; and by a downregulation of the synthesis of negative AP
(visceral proteins), such as albumin (Alb), retinol-binding protein (RBP) and
transferrin (Tf ) (Maes et al., 1992b, 1992c, 1994b, 1995b, 1997a; Song et al., 1994;
Swartz 1990; Sluzewska et al., 1996) (Table 8.1).

In depression, there are also confirmed findings of increased in vivo secretion of
proinflammatory cytokines, such as IL-6 and IL-8 (Song et al., 1998; Berk et al.,
1997; Frommberger et al., 1997; Sluzewska et al., 1995) and increased mitogen-
induced production of proinflammatory cytokines, such as IL-1b, IL-6 and IFNg

214 _________________________________________________ D. VAN WEST, G. KENIS AND M. MAES



(Maes et al., 1994a; Sluzewska et al., 1995; Maes et al., 1991, 1993b, 1993c; Seidel
et al., 1995). Since proinflammatory cytokines induce an immune and acute phase
response and since we have found significant and positive correlations between
cytokine production, e.g. IL-6, and indicators of immune activation, e.g. increased
numbers of peripheral blood mononuclear cells (PBMC) and acute phase proteins,
we have suggested that IRS activation in depression is caused by an increased
production of the proinflammatory cytokines, IL-1b, IL-6 and IFNg (Maes 1993,
1995,1997; Maes et al., 1992a,1993a).

INDIRECT INDICATORS OF IRS ACTIVATION IN MAJOR
DEPRESSION

Zinc and Depression

There are two factors which can explain lower serum zinc in depression. First,
because IRS activation results in decreased serum Alb concentrations and Alb is
the major zinc-binding protein, there is potentially less zinc-binding protein
available, which could in part explain lower serum zinc (Goldblum et al., 1987).
However, we found that serumAlb anddiagnostic classification had additive effects
and independently of each other explained an important part of the variance in
serum zinc. Second, lowered serum zinc during IRS activation may be secondary
to sequestration of the intracellular heavy metal binding protein metallothionein in
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TABLE 8.1 The acute phase response in major depressed patients: serum protein
concentrations. This table shows the increase and/or decrease in serum protein
concentrations of depressed patients compared with normal control values

Increase positive APP Decrease negative APP

Maes et al. (1992c) transferrin
albumin

Maes et al. (1997a) a1-antitrypsin retinol-binding protein
haptoglobin
caeruloplasmin

Maes et al. (1992b) albumin
transferrin

Swartz (1990) albumin

Song et al. (1994) haptoglobin albumin
a1-antitrypsin

Sluzewska et al. (1996) a1-acid glycoprotein



the liver, which, in turn,maybe related to an increasedproduction of the proinflam-
matory cytokines, IL-1and IL-6 (Cousins andLeinart1998;VanMiert et al.,1990).

Alterations in the Erythrocyte and Depression

It has been shown that patients with major depression have significantly lower
serum iron (Fe) and transferrin (Tf ), and a significantly lower number of red
blood cells (RBC), lower haematocrit (Htc) and haemoglobin (Hb), and a
significantly increased number of reticulocytes than normal controls (Maes et al.,
1996a; Vandoolaeghe et al., 1999). We observed that serum Fe and Tf were
significantly related to other well-established inflammatory markers of major
depression, e.g. serumFewas significantly related to serumAlb and zinc (positively)
and to the a1-globulin fraction (negatively); and serumTf was significantly related
to serum Alb and zinc. Significant relationships were reported between erythron
variables and indicators of IRS activation. For example, there are significant and
positive correlations between serum zinc and number of RBC, Htc and Hb (all
positive), and between serum Alb and RBC, Htc and Hb (all positive). There are
also significant correlations between serum zinc and Fe and serumTf (positive),
serum Alb and Fe (positive), serum Alb and Tf (positive) and the a1-globulin
fraction and Fe (negative). Finally, there were significant and positive correlations
between the number of reticulocytes and number of leucocytes and neutrophils and
the a1-globulin fraction (Maes et al., 1996a;Vandoolaeghe et al., 1999).

FattyAcids and Depression

Other hallmarks of IRS activation are lower serum total cholesterol, high-density-
lipoprotein cholesterol (HDL-C), a lower esterified cholesterol : total cholesterol
ratio, decreased activity of lecithin : cholesterol acyltransferase (LCAT) and
specific changes in polyunsaturated fatty acids (PUFAs). There is now evidence
that alterations in fatty acid metabolism and the composition of phospholipids in
serum and membranes are involved in the pathophysiology of major depression
(Horrobin 1990; Smith 1991; Maes et al., 1994c, 1996b, 1997b; Hibbeln and
Salem 1995; Maes and Smith 1998; Peet et al., 1998). Some authors (Morgan
et al., 1993; Glueck et al., 1994), but not all authors (Swartz 1990; McCallum
et al., 1994) reported an association between lower serum total cholesterol and
major depression. Prevention trials designed to lower serum cholesterol levels by
diet, drugs or both were shown to increase the number of deaths due to suicide
(Maes et al., 1997b). It was shown that men with low cholesterol or serum HDL-
C were more likely to have ever made a medically serious suicide attempt (Maes
et al., 1997b). Depressed patients exhibit significantly reduced esterified choles-
terol and lowered HDL-C and HDL-C/total cholesterol ratios (Maes et al.,
1994c, 1997b). These results suggest an abnormal intake and/or metabolism of
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fatty acids and a decreased formation of cholesteryl esters in major depression
(Maes et al., 1997b). The latter phenomenon may point toward decreased activity
of LCAT, since most of the cholesteryl esters in man are formed in serum under
the activity of LCAT, which reacts preferentially with free cholesterol of the HDL
particles. Since in depression, lower serum HDL-C is related to indicators of IRS
activation, such as CD4+/CD8+ T cell ratio (negative), and serum Zn and Alb
(both positively), we have hypothesized that the changes in HDL-C may be
secondary to IRS activation.

PUFAs have important effects on inflammatory processes since they are
precursors of eicosanoids (Figure 8.1) (C20:4o6 or arachidonic acid is the most
abundant eicosanoid precursor in people consuming aWestern diet) and can affect
eicosanoid and cytokine formation. It has been shown that an imbalance of o6 to
o3 PUFAs may lead to an overproduction of cytokines (Endres 1993).
Supplements of linoleic (C18:2o6) oil increase IL-1 and TNFa secretion
(Meydani et al., 1991; Soyland et al., 1994). Recently, it has been shown that
depressed patients show alterations in the o6/o3 ratio. Our laboratory was the
first to report that depressed patients show an increased C20:4o6/C20:4o3 ratio
in serum phospholipids and cholesteryl esters and significantly decreased total o3,
C18:3o3 and C20:5o3 fractions in serum cholesteryl esters (Maes et al., 1996b).
Adams et al. (1996) detected a significant positive relationship between severity of
illness and the C20:4o6/C20:5o3 ratio and the imbalance in o6/o3 PUFAs in
major depression may be related to the increased production of proinflammatory
cytokines and eicosanoids in that illness (Maes et al., 1996b; Maes and Smith
(1998). Most importantly, there were significant and positive correlations between
serum Zn and C20:5o3 and C22:6o3 fractions in phospholipids; and significant
inverse correlations between serum Zn and the o6/ o3, C20:4o6/C20:5o3, and
C22:5o6/C22.6o3 ratios in phospholipids (Maes et al., 2000). In the rodent,
lowered intake of Zn does not affect food intake or weight gain but reduces whole-
body accumulation of desaturated and elongated products of linoleic acid (C18:2o6)
and a-linolenic acid (C18:3o3) (Cunnane et al., 1993). Desaturase enzymes require
Zn as cofactor (Russo et al., 1997). Thus, depletion of long-chain o3 PUFAs in
depression could be related to lower serum Zn, which, in turn is an indicator of IRS
activation in that illness. The results suggest that (i) there is a metabolic disorder in
the elongation and desaturation of fatty acids; and (ii) the fatty acid alterations in
depression are related to IRS activation in that illness.

NEUROENDOCRINE DISORDERS IN MAJOR
DEPRESSIONAND IRS ACTIVATION

Major depression is accompanied by hypothalamic^pituitary^adrenal (HPA) axis
hyperactivity, hypothalamic^pituitary^thyroid (HPT) axis alterations, such as
lower basal TSH concentrations, and serotonergic disturbances. The most consis-
tently reported signs of HPA-axis hyperactivity in major depression are
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endogenous hypercortisolaemia and the failure to suppress plasma cortisol with the
1-mg dexamethasone suppression test (DST) (Maes et al.,1993b).Themost consis-
tent sign ofHPTaxis dysfunction in depression is lowerbasalTSH.There is evidence
that disorders in the central and peripheral neurotransmission of serotonin (5-HT)
are implicated in the pathogenesis or pathophysiology of major depression (Maes
and Meltzer 1995). Therefore, we have hypothesized that, if major depression is
indeed characterized by IRS activation, the glucocorticoid resistance in depression,
lower serum basal TSH concentrations and lower availability of tryptophan to the
brain may be related to indicators of IRS activation. In accordance with this
hypothesis we found the following. (i) In depressed patients, there is a significant
positive correlation between IL-1bproduction and post-DSTcortisol values, and a
significant positive correlation between baseline plasma cortisol and IL-6 concentra-
tions (Maes et al., 1993b,c). (ii) In depression, basal TSH was significantly and
negatively related to haptoglobin values, whereas in normal controls a trend toward a
positive correlation betweenboth factors was found. (iii) Lower availability of plasma
tryptophanto thebrainwas significantlycorrelatedto serum IL-6, serumhaptoglobin,
the a2 globulin fractions, neopterin and theCD4+/CD8+Tcell ratio (inversely) andto
serum Alb, Fe,Tf and zinc (all positively) (Maes et al.,1994d,1997c).

CYTOKINES ANDTHE AETIOLOGYOF MAJOR
DEPRESSION

Proinflammatory Cytokines Induce Depression-like Effects

Another question is whether ^ besides the possible role of proinflammatory
cytokines in generating the IRS response and neuroendocrine changes in major

218 _________________________________________________ D. VAN WEST, G. KENIS AND M. MAES

o6 series o3 series

18 : 2o6 Linolenic acid (LA) Alpha linolenic
acid (a-LNA)

18 : 3o3

#
Delta-6-desaturation

#

18 : 3o6 Gamma-linolenic acid (GLA) Stearidonic acid 18 : 4o3
#

Elongation 20 : 3o6
#

20 : 3o6 Dihomogammalinolenic Eicosatetraenoic acid 20 : 4o3

# Delta-5-desaturation #
20 : 4o6 Arachidonic acid (AA) Eicosapentaenoic

acid (EPA)
120 : 5o3

#
Elongation

#

20 : 4o6 Adrenic acid Docosapentaenoic acid 22 : 5o3

# Delta- 4-desaturation #
22 : 5o6 Docosapentaenoic

acid (DPA)
Docosahexaenoic

acid (DHA)
22 : 6o3

Figure 8.1 An outline of the metabolism of o3 and o6 essential fatty acids



depression ^ hypersecretion of these cytokines may contribute to the aetiology of
major depression. It has been suggested that increased production of pro-
inflammatory cytokines may play a role in the aetiopathology and
symptomatology of depression (Maes 1997; Smith 1991). Acute or repeated
administration of LPS, IL-1and IL-6 to the rodentmay induce‘sickness behaviour’,
a symptom complex characterized by anorexia, weight loss, sleep disorders,
suppression of social, locomotor and exploratory behaviour and anhedonia, all key
symptoms of major depression (Maier andWatkins 1995). Both IL-1b and tumour
necrosis factor-alpha (TNFa) induced ‘anxiogenic-like’effects on the elevated plus
maze, whereas interleukin-2 and interleukin-6 did not (Connor andLeonard1998).
Administration of interferons, including IFNg, results in behavioural effects and
mood alterations, similar to those observed in major depression, such as anhedonia,
anorexia, weight loss, anxiety, social withdrawal, psychomotor retardation, anergy,
irritability, sleep disturbances and malaise (Smith1991; Gutterman et al., 1982).

Inmajor depression, we found significant relationshipsbetween indicators of IRS
activation and the vegetative symptoms of depression. (i) SerumAlb (negatively) or
the a1 and a2 globulin fractions (positively) were significantly related to psycho-
motor retardation, anorexia and middle insomnia. (ii) Serum zinc was
significantly and inversely related to psychomotor retardation. (iii) Plasma hapto-
globin concentrations were significantly and positively related to psychomotor
retardation, anorexia, weight loss, anergy, loss of interest and middle insomnia
(Maes et al., 1993d). It should be underscored that no significant correlations were
found between the affective (e.g. depressed mood, a distinct quality of mood,
nonreactivity) and cognitive (e.g. feelings of guilt, suicidal ideation) symptoms of
depression and any of the IRS activation indicators in depression. Therefore, we
have hypothesized that the somatic dimension of major depression may, in fact, be
related to IRS activation, through hypersecretion of proinflammatory cytokines
(Maes et al., 1993d).

External Stress, Cytokines and the Aetiology of Depression

External Stressors and Cytokines in Animals

Rats exposed to electric footshock, physical restraint or a conditioned, aversive
stimulus have increasedconcentrations of plasma IL-6 (Zhouet al.,1993). Restraint
stress significantly enhances the expression of IL-6 mRNA and reduces that of the
IL-6R mRNA in the midbrain (Shizuya et al., 1997). Immobilization stress
increases plasma IL-6 levels, while the peak levels of stress-induced plasma IL-6
in the animals immobilized for 120 min are significantly higher than those in the
animals subjected to 30min stress (Takaki et al., 1994). In the rodent, immobiliza-
tion stress increases IL-1mRNA expression in the hypothalamus only (Minami et
al., 1991). In Wistar rats, an eight-week exposure to mild, unpredictable stress
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induces a depression-like state with an increased capacity of splenocytes to produce
IL-1and IL-2 (Kubera et al., 1996).

It has been hypothesized that IRS activation with increased production of
proinflammatory cytokines, such as IL-1, may have a central role in the stress
responses (Shintani et al.,1995). In conclusion, there is strong evidence that external
stressors increase the production rate of the proinflammatory cytokines IL-1 and
IL-6 in animals.

External Stressors and Cytokines in Humans

Dobbin et al. (1991) found that academic stress reduces the mitogen-induced
lymphoproliferative responses and the production of IFNg in students, but at the
same time significantly increases IL-b production. These authors concluded that
psychological stress in humans may have different effects on different cell popula-
tions by enhancing responses of monocytes and depressing those of lymphocytes
(Dobbin et al., 1991). In another study, the induction of mild negative emotional
changes caused an increase inTNFa, a decrease in IL-2 and IL-3, with no changes
in IL-1band IL-6 (Mittwoch-Jaffe et al., 1995). Recently, we found that academic
examination stress in university students significantly increases the stimulated
production of proinflammatory cytokines, such as IL-6, TNFaand IFNg, and of
the negative immunoregulatory cytokine IL-10 (Maes et al., 1998a). Most
importantly, students with a high stress perception (as measured by the Perceived
Stress Scale) during the examination period have a significantly higher production
of TNFa, IFNg and IL-6 than students with lower stress perception. The stress-
induced changes in perceived stress are significantly and positively related to the
stress-induced production of TNFa, IFNg and IL-6, suggesting that the stress-
induced production of these cytokines is sensitive to graded differences in the
perception of stressor severity.

It has been shown that the ratio of IFNg production to IL-10 production in
culture supernatant is of critical importance in determining the capacity of super-
natants to activate or inhibit monocytic andT-lymphocytic functions (Maes et al.,
1999). We found that the response to external (psychological) stress in humans
consists of two different profiles of cytokine production, i.e. a first characterized by
an increased IFNg/IL-10 ratio, attributable to a higher IFNg than IL-10 response
(labelled IFNgreactors) anda secondcharacterizedbya lowered IFNg/IL-10 ratio,
attributable to a higher IL-10 than IFNg response (labelled IL-10 reactors). IFNg
reactors, but not IL-10 reactors, show a significantly increased stimulated
production of other proinflammatory cytokines, i.e.TNFaand IL-6, and of serum
IL-1RA, sCD8 and IgA, IgG and IgM concentrations. Thus, the external stress
responsivity entails either a predominant proinflammatory cytokine response or a
negative immunoregulatory cytokine response. IFNg reactors, but not IL-10
reactors, show significant stress-induced increases in anxiety and depression
ratings, suggesting that a proinflammatory response and a lower stress-induced
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production of the negative immunoregulatory cytokine IL-10 appears to be accom-
panied by increased stress-induced anxiety and depression.

The above findings in animals and humans may suggest that proinflammatory
cytokines are involved in the stress response and that external stressors are
perceived by the immune system and, through secretion of proinflammatory and
negative immunoregulatory, take part in an integrated psychoneuroendocrine
homeostatic response. The discovery that psychological stress in humans can alter
the equilibrium between proinflammatory and negative immunoregulatory
cytokines has important implications for human psychopathology. Indeed, since
major depression may be induced by external stressors (negative life events and
early life stressors) and since external stressors induce an inflammatory response in
some subjects (i.e. those with increased anxiety and depression ratings), we have
hypothesized that psychological stress-induced hyperproduction of proinflamma-
tory cytokines may play a role in the aetiopathology of major depression (Maes et
al., 1999).

Internal Stress, Cytokines and the Aetiology of Depression

Important epidemiological features of major depression are the higher incidence of
major depression in the medically ill or in ‘organic’ conditions (i.e. mood disorders
due to a general medical condition) and in women, and the increasing rates of
depression this century.The IRS activation model is consistent with each feature.

The high occurrence of major depression in the medically ill is clearly consistent
with the IRS activation model of depression (Maes 1997; Maes et al., 1997b).
Indeed, medical illnesses involving IRS activation, such as infectious (e.g. herpes
virus, HIV, Borna virus, influenza) and non-infectious disorders (e.g. autoimmune
disorders, multiple sclerosis, Alzheimer’s disease), exhibit an increased incidence of
depression.Moreover, conditions that are accompaniedby an enhanced production
of cytokines, e.g. postpartum period, stroke and myocardial infarction are often
accompanied by depressive symptoms or major depression. Thus, autoimmune-,
postnatal-, inflammation- and stroke-induced cytokine hyperproduction provides
a reasonable mechanism to account for the higher rates of depression linked with
these conditions.

The elevated rate of depression in women is consistent with the greater immune
responsivity in females and the immune activating effects of sex hormones (Ahmed
et al., 1985; Knapp et al., 1992). Indeed, it is known that immune responsiveness is
greater in women than in men and that sex hormones can alter immune responses
(Ahmed et al., 1985). For example, female sex hormones modulate maturation of
lymphocytes in the lymphoid tissues, regulate leucocyte entry into peripheral
tissues, alter immune cell membrane composition, augment leucocyte adhesion,
enhance proliferation of lymphocytes in response to mitogenic stimuli and increase
IL-1 production by mononuclear cells (Athreya et al., 1993).We found that female
students who are taking monophasic contraceptive drugs had significantly greater
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stress-induced response in the number of leucocytes, neutrophils, and B cells than
females not taking contraceptives and than male students, suggesting that ethinyl-
oestradiol and/or derivates of progesterone may increase the immune
responsiveness to psychological stress (Maes and Smith1998).

Also the increased rate of major depression since 1913 may be explained by the
IRS model of depression.This increased incidence parallels the increasing ratio of
o6 too3 fatty acids inWestern diets during the twentieth century (Smith1991).This
results in high levels of o6 PUFAs in tissues and low levels of long-chain o3 PUFAs
in serum and membranes of theWestern population. As explained above, a high
dietary o6/o3 fatty acid ratio may increase the secretion of proinflammatory cyto-
kines (Maes et al., 1996b). It has also been suggested that the increased o6/o3
PUFA ratio may have contributed to an increased incidence of cardiovascular and
inflammatory disorders (Smith1991).

ANTIDEPRESSANT TREATMENTS, CYTOKINES AND
DEPRESSION

InVivo Effects of Antidepressants

If increased production of proinflammatory cytokines is at all involved in the
aetiology of depression one would expect that the various antidepressive treatments
had negative immunoregulatory effects. It is generally believed that tricyclic anti-
depressants have immunosuppressive effects ex vivo as well as in vivo (Miller and
Lackner 1989). Subchronic treatment with fluoxetine, a selective 5-HTre-uptake
inhibitor (SSRI), normalizes the initially increased serum IL-6 concentrations in
depressedpatients (Sluzewska et al.,1995). Subchronic treatment with tricyclic anti-
depressants and fluoxetine is able to suppress the acute phase response in major
depression (Maes et al.,1997a).The above results show that, in vivo, antidepressants
have antiinflammatory effects through down-regulation of proinflammatory cyto-
kines and up-regulation of the negative immunoregulatory cytokines/receptor
antagonists, IL-10 and the IL-1RA.

InVitro Effects of Antidepressants

In vitro it has been shown that antidepressants, such as clomipramine, imipramine
and citalopram significantly suppress the secretion of IL-1b and TNFa by stimu-
lated monocytes (Xia et al., 1996). Our laboratory found that clomipramine,
sertraline and trazodone, at concentrations in the range of the therapeutic plasma
concentrations achieved during clinical treatment, had a significant suppressive
effect on the IFNg/IL-10 ratio, whichwas attributable to a suppression of the stimu-
lated production of IFNg and a significant stimulatory effect on IL-10 production
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(Maes et al., 1998b). The exact mechanism by which antidepressive agents from
such different classes exert their activity on cytokine production are still unknown.
These effects might be mediated by serotonergic mechanisms. T-lymphocytes
express 5-HTreceptors, such as 5-HT1A and 5-HT2A/2C receptors, as well as a
high-affinity 5-HT transporter. Macrophages have a specific active 5-HTuptake
system similar in affinity to that of platelets (Jackson et al., 1988). There are now
some reports that depletion of intracellular 5-HTstores, increased extracellular 5-
HTand/or 5-HT2A/2C receptor blockade may result in negative immunoregula-
tory effects (Young and Mathews 1995).Thus, part of the immune effects of SSRIs,
tricyclic and heterocyclic antidepressants may be explained by their serotonergic
activities, such as depletion of intracellular 5-HTstores, increased extracellular 5-
HTand/or 5-HT2A/2C receptor blockade (Maes et al., 1998b).

CONCLUSIONS

Major depression is accompanied by various direct and indirect indicators of a
moderate activation of the IRS. Increased production of proinflammatory
cytokines, such as IL-1, IL-6 and IFNg, may play a crucial role in the immune and
acute phase response in depression. Lower serum Zn, changes in the erythron,
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lower serum HDL-C, and depletion of o3 PUFAs are indirect indicators of IRS
activation of depression. The reciprocal relationships between IRS activation and
HPA-axis hyperactivity, alterations in HPT-axis function and the availability
of 5-HT and the HPA axis is an integral component of depression. The IRS
activation model of depression provides an explanation for the psychosocial
(external stress) as well as organic (internal stress) aetiology of major depression
(Figure 8.2). Antidepressive treatments with various antidepressive agents, such as
SSRIs and tricyclic and heterocyclic antidepressants, have in vivo and in vitro nega-
tive immunoregulatory effects, suggesting that their antidepressant efficacy may be
attributable, in part, to their immune effects.
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_________________________ 9
Brain Imaging in Affective Disorders

Andrea L. Malizia
University of Bristol, UK

INTRODUCTION

Invivo neuroimaging inman hasbeen increasingly used as a research tool to help us
understand the neurochemistry and brain circuits of psychiatric conditions.This is
predicated on the notion that the final commonpathway of the expression of psychic
phenomena is dictatedby the summedoutput of specific and separate regional brain
activity at the time that these phenomena are experienced.Thus tools that allow the
description of brain circuits and chemistry associated with the expression of symp-
toms and emotions could be considered to be themost valid and appropriate type of
investigation to unravel the anatomy, pharmacology and physiology of anxiety
disorders.

This strategy has been used for many years in experimental animals with exqui-
site detail and has generated a considerable body of knowledge related to, for
instance, the neuroanatomical and neurochemical changes that map anxiety condi-
tioning and innate fear (LeDoux, 2000; Davis et al., 1994, 1999). Such knowledge,
derived from animal experiments has provided a basis for the understanding of
human emotions and its disorders. However, it is probably unreasonable to assume
that the neural substrate of emotion and its disorders varies little between mammal
species. Thus, it is unlikely that animal experimental paradigms alone would ever
provide a robust understanding of emotion and its disorders in man.This is due to
three principal factors:

. Species difference ^ while 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
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such as the dorso-lateral prefrontal cortex and the orbito-frontal 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.

. Individual differences ^ it is quite clear from animal experimentation that indivi-
dual diversity such as genetic differences in colonies bred for contrasting
characteristics (e.g. Maudsley reactive and non-reactive rats), variations in indi-
vidual housing, disparity in early life events (such as repeated brief maternal
separation) and insults during the intrauterine period, lead to unequal affective
responses and to dissimilarities in pharmacological sensitivity. Similar factors
also apply to humans and are probably not easily mapped between animals
and man because of the influence of genetic heterogeneity, species specific appe-
titive behaviours and untranslatable human events such as child abuse,
interpersonal and family strife and personal meaning of life events amongst
many others.

. Many of the characteristics of anxiety and affective disorders cannot be replicated in animal

models ^ for example spontaneous persistent and maladaptive mood cycling
cannot, to date, be induced in experimental animals.

Therefore it is entirely appropriate that the recently matured tools of brain
imaging such as positron emission tomography (PET) and magnetic resonance
imaging (MRI) should be used to aid us understand human brain function in
diseases that have a very high economic and personal burden worldwide. These
neuroimaging techniques can provide charts of grey and white matter distribu-
tion and tracts as well as maps of receptor, enzyme, neurotransmitter and
transporter density and metabolic activity in the human brain with a spatial
resolution of the order of 4^10 mm. This information provides a unique oppor-
tunity of linking specific brain structures, regional neuropharmacology and
observable behavioural or cognitive outputs in a manner that has not been
possible up to recently. In order to understand the challenges in interpreting
the results of these studies readers will have to be conversant with imaging
methods. Thus this chapter first reviews briefly the imaging techniques that
are available, their maturity, advantages and disadvantages. The second part
of the chapter provides a short overview of the work carried out in anxiety
and the third part an overview of imaging in affective disorders, especially
using nuclear medicine techniques. This field of scientific research evolves very
rapidly, therefore any chapter is likely to be soon out of date. However, the
student can gain more lasting knowledge by acquiring a thorough under-
standing of the methodology and of the epistemology of these experiments
and the discussions related to current data can be taken as a starting point
for future knowledge.
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PRINCIPLES OF HUMAN IMAGING

An understanding of the mechanisms of data acquisition in imaging is essential, in
order to make sense of imaging studies. This section introduces the principal
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 magnetic resonance imaging
(MRI) such as functional MRI (fMRI), MR spectroscopy and diffusion tensor
imaging (DTI). The electrical recording and electrical averaging techniques such
as electroencephalography (EEG), computed multi-array EEG and magnetoence-
phalography (MEG)will not be discussed here. EEGhasbeen in existence for 50 or
so years during which it has provided some leads; it has, however, not lived up to its
initial promise and a comparison between EEG and the imaging modalities here
discussed will be made in the concluding parts of the chapter. Dense EEGmapping
and MEG are less mature techniques, so there is, to date, 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 possiblewith the tools here described that, instead, have good spatial resolution.

Anatomical Imaging

Anatomical images of the human brain can be produced by the use CTor of MRI.
CTmaps the tomographic attenuation of X-rayswhich 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,

. thesemolecules are excitedby radiofrequency pulse protocolswhich are spatially
varied in order to provide 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 and contrast of soft tissues and, by varying the parameters of acquisition,
can reveal white matter lesions and areas of altered signal intensity which reflect
nonspecific pathology. Further, MRI does not employ ionizing radiation and its
use is therefore not restricted by radiation dose considerations. 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 employ automatic parcellation in order to avoid
observer bias and need careful matching of variables such as age, sex, handedness,

BRAIN IMAGING _______________________________________________________________________________ 231



intellectual ability and level of education in order to avoid intrinsicbiases. 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 diffusion
tensor imaging, this form of imaging usesMRIto produce pictures of watermolecule
alignment inthe three separate spatial axes, thus allowing visualization ofmyelinated
axonal direction. This will 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 below ^ fMRI).

Paradoxically, many of the techniques that were developed to investigate neuro-
receptor density can also provide information on brain shrinkage or abnormal grey
matter inbrain 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 anatomical imaging in order to control for the possibility
of this shrinkage. This is also particularly the case for structures like the hippo-
campus that are vulnerable to shrinkage secondary to variations in stress hormones.

Functional Imaging

Physiological and neurochemical images of brain processing canbe obtained by the
use of nuclear medicine techniques such PET and SPECT. These involve the
recording of signals emitted by a radiolabelled compoundwhich has been adminis-
tered 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 metabolites (if present) both in blood and the various
tissue compartments. PETand SPECTare used either to generate surrogatemaps of
brain activity associated with particular tasks or conditions or to measure neuro-
chemical parameters such as receptor, transporter or enzyme density (seeTable 9.1
for a list of commonly used PET tracers).

Neuronal populations engagedbymental processes use energy.This consumption
can usually be imaged directly by administering radiolabelled glucose or glucose
analogues 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 onwhether the location of the bulk of aerobic
metabolism is in the neuron or the surrounding glia; this debate, however, is un-
likely to influence mapping from imaging as the synapses and supporting glia are
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co-localized within the resolution of the techniques (Magistretti and Pellerin, 1999).
Blood flow maps can also be influenced globally by changes in CO2 concentrations
and regionally by neurotransmitters (noradrenaline, acetylcholine, 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 GABAergic
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 neuron synapses (Roland
and 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 different
(Peyron et al., 1994; Tagamets and Horwitz, 2001). This is despite the fact that
GABAergic uptake processes are not associated with significant metabolic costs
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TABLE 9.1 Some radioligands used for the investigation of anxiety and affective disorders

Name of ligand Label Type of ligand Measures

Raclopride C-11 Dopamine D2 receptors
antagonist

Dopamine D2 receptors

IBZM I-123 Dopamine D2 receptors
antagonist

Dopamine D2 receptors

Flumazenil C-11 Central benzodiazepine site
antagonist (alpha1,2,3,5)

Central benzodiazepine sites

Iomazenil I-123 Central benzodiazepine site
?partial antagonist (alpha1,2,3,5)

Central benzodiazepine sites

NNC13-8241 I-123 Central benzodiazepine site
?partial antagonist (alpha1,2,3,5)

Diprenorphine C-11 Opiate antagonist Opiate receptors (m, k, d)
DOPA F-18 Dopamine precursor DOPAtransport into presynaptic

terminal
WAY100635 C-11 5-HT1A antagonist Serotonin 5-HT1A receptors
PKI1195 C-11 Peripheral benzodiazepine

receptor antagonist
CNSmicroglia activation

Carfentanyl C-11 Opiate (mu) agonist Opiate receptors (mainly m)
Setoperone F-18 Cortical 5-HT2 antagonist Serotonin 5-HT2 receptors
N-methyl-spiperone C-11 D2 and 5-HT2 antagonist D2 5-HT2 receptors
RTI 55 C-11 Dopamine and serotonin

transporter substrate
Dopamine transporters

Beta-CIT I-123 Dopamine and serotonin
transporter substrate

Dopamine and serotonin
transporters

MDL100907 C-11 5-HT2A antagonist Serotonin 5-HT2A receptor
density

Ro15-4513 C-11 Central benzodiazepine site
antagonist (more selective for
alpha-5)

Alpha-5 central benzodiazepine
density (mainly)

Deprenyl C-11 Monoamine oxidase B inhibitor Monoamine B availability and
glial density

DASB C-11 Serotonin reuptake substrate Serotonin reuptake sites



(Chatton et al., 2003). 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 investiga-
tion of anxiety and anxiety disorders, the net result can be affected by other factors
such as changes in respiration, noradrenergic activity, timingandcomplexity 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 timing of scans but still
involving the same nodal brain structures.

Fluorine labelled deoxyglucose (18FDG) and [11C] labelled 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 metabolized (unlike [11C] glucose). This feature results in less
complex mathematical modelling 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 glucose transport into the cells dominated by activity
over a period of approximately 30 minutes, 20 minutes after its intravenous injec-
tion. Therefore, it provides a map of energy consumption by any particular brain
state that can be maintained for tens of minutes. Although only one or two scans
per individual can be produced, the count statistics are very favourable and robust
comparisons can be obtained with groups of 10^12 individuals per arm.

Blood flow (ormore precisely perfusion) canbemeasuredwith PETusing oxygen
[15O] labelled injectedwater or inhaled C15O2 (converted towater in the lung capil-
laries). 133Xe (an inert gas which is fully diffusible) and 99Tc-HMPAO (a ligand
which is freely diffusible across the blood^brainbarrier but gets trapped intracellu-
larly by the changes in pH) have been used with SPECT for the same purposes.
Oxygen PET maps perfusion over a period of up to two minutes post injection,
with most of the information being acquired in the first 60 seconds.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
minutes interval. Thus repeated ‘activation’ experiments can be performed where
statistically significant changes in regional radioactivity are interpreted asmapping
the cerebral regions associated 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.

133Xe is a breathed in, freely diffusible inert gas used in the original non-tomo-
graphic studies which measured brain metabolism. It has been employed
tomographically by some investigators to quantify cerebral blood flow with
SPECT. 99Tc-HMPAO produces a‘stationary’ picture of cerebral blood flow over a
period of twominutes after injectionwhich, because of the slowdecay of 99Tc, canbe
imaged for some hours.This has been particularly useful when it has been advanta-
geous to inject patients at sites (e.g. award) away from the camera in order to record
transient events such as hallucinations.The technique, however, exposes subjects to
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large amounts of radiation as SPECT is poorly sensitive. Its use in research should
therefore be restricted to the study of such transient events.

Much of the activation work, pioneered with nuclear medicine techniques, has
been expanded using functional MRI (fMRI). fMRI images changes in deoxyhae-
moglobin/oxyhaemoglobin associated with increased or decreased oxygen
consumption. As metabolic demands increase, there is an overcompensation in the
amount of oxyhaemoglobin 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 centres
have enthusiastically embarked on research protocols with this technique. MRI
scanners 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 potentially uncontrollable dimension to the experimental
procedure that needs tobe taken intoaccount.Theuse of fMRhasbeenvery successful
in generating data that examines changes in the role of specific brain structures in the
processing of particular stimuli and in observing the change in connectivity between
brain structures that is inducedby psychopathologyor pharmacological intervention.

Magnetic resonance spectroscopy (MRS) can also be used to produce spectra
associated with particular compounds in the brain. In this sense it is a form of func-
tional imaging and it produces information on the regional presence and
concentration of chemicals of interest such as lactate, glutamate and GABA.
Further, analysis of the ratio ofN-acetyl aspartate to other compounds such as crea-
tinine 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, transporters, enzymes and transmitters. Ligands appropriate
for the system under study are labelled with radiation emitting nuclei to produce
maps of their brain distribution after injection. PET is far more versatile than
SPECT for this purpose as it usually labels nuclei such as carbon that are universal
in molecules with biological activity. However, finding compounds which have the
ideal characteristics (e.g. very selective receptor/transporter binding, low non-
specific binding, easily cross the blood^brain barrier, no lipophyllic metabolites,
rapid brain^blood equilibration, no physiological action) andwhich canbe radiola-
belled is extremely expensive in terms of time and resources. In addition, with single
scan protocols Bmax and Kd cannot be separated and the pharmacokinetic para-
meters may also include tissue delivery effects and non-specific binding.Whenever
semi-quantitative methods are applied (as most often in SPECT) errors may also
arise by scanning too early after injection or by the inappropriate use of reference or
comparison regions (Olsson and Farde et al., 2001). This results in either the data
beingheavily influencedbydelivery to thebrain rather thanbinding to the receptors,
or in inappropriate conclusions based on data frombrain areas where a secular equi-
librium at the receptor site has not been reached. These methodological problems
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accompanied by unsophisticated experimental design, characteristic of new tech-
nology, have resulted in a relatively small number of adequate radioligand studies
in the current brain research literature. Indeed, so far, very few centres worldwide
have been able to meet the methodological challenges intrinsic to the techniques.
These problems are likely to subside as researchers become more experienced in
imaging methodology. An additional exciting development is that both SPETand
PET may also be used to detect the endogenous release of neurotransmitters, thus
allowing the study of functional neurochemistry in vivo in man, which would
parallel in vivo microdialysis in animals (reviewed in Laruelle and Huang, 2001).

NEUROIMAGING RESEARCH INANXIETY DISORDERS

Anxiety is an emotion that allows man to prepare for and to deal with potential or
actual threat. This is achieved by the induction of physiological and psychological
changes that help maximize available resources. However, inappropriate or exces-
sive anxiety incapacitates people, with considerable effects on their work, family
and health. Inappropriate or excessive anxiety can present itself to physicians in a
number of ways, including severe physical symptoms or comorbidity with existing
medical conditions. In psychiatry, debilitating anxiety can present in three types of
syndrome:

. anxiety disorders,

. anxiety symptoms that are commonly experienced as part of the illness in
syndromes such as major depressive disorder and drug withdrawal,

. severe anxiety experienced either as a consequence of other psychiatric
phenomena, as in reactions to the experience of hallucinations or as a possible
but not very frequent part of a syndrome as in degenerative disorders such as
the dementias.

This section of the chapter reviews findings in the anxiety disorders. The
aetiology of these disorders comprises genetic and environmental factors that
change brain chemistry and hormonal responses so as to predispose individuals to
pathological reactions to anxiety provocation. Because of the interaction between
genetic predisposition andenvironmental triggers, brain imaginghas aparticularly
important role in unravelling aetiology and therapeutic action. This is because
genetic factors on their own (e.g. a specific polymorphism) explain only a small
part of the variance and therefore measuring the effects of nature plus nurture on
current functional expression of brain proteins and circuits through functional
imaging is very pertinent to reaching an understanding of these disorders. Anxiety
disorders include generalized anxiety disorder, panic disorder, social anxiety
disorder and specific phobias, where anxiety is the defining feature of the syndrome,
and obsessive-compulsive disorder and post-traumatic stress disorder where
anxiety is an important but not unique part of the definition and presentation.
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Obsessive-Compulsive Disorder

Obsessive-compulsive disorder (OCD) is a disorder characterized by intrusive
repetitive thoughts or actions that the patient is unable to control. These thoughts
or actions are acknowledged as coming from the person themselves (unlike delu-
sions and hallucinations in psychoses). They generate distress and if the person
tries to resist them (as in trying to stop the washing of hands thought of as being
dirty even though known to be clean) there is a surge of severe anxiety. It can be
argued that at least two mechanisms are in operation here ^ one is a repetition/
checking mechanism and the other is anxiety experience. About 1% of the popula-
tion develops non-comorbidOCD; it often starts in early adulthood, although some
patients experience it later on in life, usually in the context of a depressive disorder.
Main treatments are serotonin reuptake inhibitors and behaviour therapy. These
can achieve a response in up to 60^70% of patients.

Structural Imaging

After early reports (Behar et al.,1984) of increased ventricle to brain ratio (VBR, a
non-specific 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. in 1988. This study also used X-ray CTand a rather
small sample of 10 male patients with severe OCD and 10 controls. The use of
severely affected individuals may have provided a cleaner samplewhich 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 differences (Aylward et al., 1996; Jenike et al., 1996; Stein et al., 1997a;
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 that are detectable by MRI seem to include gender (females show
fewer differences), age of onset (earlier onset is more likely to be associated with volu-
metric reductions) and presence of soft neurological signs. These papers are
complemented byMR spectroscopy studies that have demonstrated reduced NAA in
caudate nuclei (Ebert et al., 1997; Bartha et al., 1998). Taken altogether the data
suggests that synaptic integrity in the basal ganglia may be affected early on and that
measurable changes in volumemay be detectable only later in the disease.

Other reported differences include an increase in lobar white matter (Jenike et
al., 1996), decreases in orbito-frontal grey matter and amygdala volume (Szesko et
al., 1999), increasedT1 relaxation time in the orbito-frontal cortex (Garber et al.,
1989) and an abolition of amygdala-hippocampal left to right asymmetry (Szesko
et al., 1999). In addition studies in paediatric OCD have demonstrated an increase
in myelinated callosal fibres (Rosenberg et al., 1997) and a decrease in thalamic
volume (Rosenberg et al., 2000), although the latter may be indicative of the effects
of paroxetine treatment (Rosenberg et al., 2000).
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Functional Imaging

OCD is the anxiety disorder in which imaging has contributed most to an under-
standing of the circuits associated with the condition and where predictors of
treatment response are emerging. Abnormal metabolism in the orbito-frontal
cortex, in the anterior cingulate and in the basal ganglia is the most consistent
piece of evidence. Most such studies show hypermetabolism when compared with
controls in these structures, although some show significant decreases in resting
metabolism. These same areas that have abnormal glucose metabolism or blood
flow both at rest show activation on symptom provocation. Successful treatment,
whether psychological, pharmacological or neurosurgical reverses these abnormal-
ities. Little progress hasbeenmade on the pharmacological imaging of this disorder
with only two published studies that investigate serotonin transporter density,
although further investigations of the serotonergic system are in progress.

RestingMetabolism and Symptom Provocation Studies

In OCD the main resting metabolic changes have been observed in the orbito-
frontal cortex, the anterior cingulate and the caudate nucleus (see Table 9.2). The
area most often involved is the orbito-frontal cortex where the majority of studies
find an increase in resting metabolism. However, interestingly, studies that utilize
HMPAOSPECTrather than FDGPETfind a decrease in this region.This apparent
contradiction is not unique to OCD, as will become apparent later in the chapter.
This is because the significance of increases or decreases in metabolism or blood
flow is not as unambiguous as it first appears. For instance hypermetabolism, indi-
cating greater neuronal activity, may be followed by hypometabolism, indicating
subsequent neuronal damage, or difficulty in engaging a particular brain area in
processing (hypometabolism) can ultimately result in a greater recruitment of
parallel local networks (hypermetabolism) and so on. Hence, for the time being,
the observation of significant changes in a particular area, regardless of polarity,
may be more robust in helping to identify the likely networks engaged in patholo-
gical processes.

Significant differences in thalamic, caudate andother frontalmetabolism are also
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. It is of interest to note that, in comparisonwith controls,
significant increases in resting anterior cingulate activity, in OCD patients, is
always accompanied by increases in orbito-frontal activity while the same is not
true of thalamic metabolism.

Historically, these findings were the first to provide evidence for a putative invol-
vement of sub-cortical structures in the generation of psychopathology and
involvement of the basal ganglia was of particular significance as they are part of
cortico-striatal loops (Alexander et al., 1990). These loops have an influence on
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thalamic gating of peripheral sensory signals. However, sceptics pointed out that
results from resting metabolic studies may not be relevant in mapping the neural
correlates of primarily phasic rather than tonic psychopathology. This issue was
addressed by ‘activation experiments’ in which exposure of OCD patients to feared
objects generated increases in local perfusion consistent with the reported observa-
tions of abnormal resting metabolism. The changes in blood flow were compared
with rest or with an appropriate control tasks. Study design was either categorical
(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 Rauch’s group (1994)
using C15O2 PET. They found increases in the right caudate, bilaterally in the
orbito-frontal cortex and in the anterior cingulate cortex with stimulus presentation.
These findings were echoed in a correlation study of four patients using H2

15O2 PET
(McGuire et al., 1994) where symptom severity correlated with increases in cerebral
perfusion in the right inferior frontal gyrus, the caudate nuclei, putamen and globus
pallidus, the thalamus, the left hippocampus and the posterior cingulate. Since then
orbito-frontal cortical activation has been confirmed in another nuclear medicine
study (Cottraux et al., 1996). The latter controlled for some of the comparisons
and reported that the characteristics of OCD patients were:

. the activation of the caudate nuclei by neutral auditory stimulation,

. and an increased correlation between superior temporal and orbito-frontal
activity, both of which were absent in control subjects.
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TABLE 9.2 Resting metabolic studies of OCD. 0 ¼ no difference found; + ¼ increase in
metabolism compared with controls; 7¼ decrease in metabolism. OF ¼orbito-frontal
cortex; CN ¼ caudate nucleus; ACC¼ anterior cingulate cortex; Rx ¼ treatment

Author
et al. Year Method OF ACC

Other
frontal CN Other Notes

Mindus 1986 11C glucose + 0 0 7 Rx-resistant
Baxter 1987 FDG + 0 0 +
Baxter 1988 FDG + 0 0 +
Nordhal 1989 FDG + + 0 0
Swedo 1989 FDG + + + 0
Martinot 1990 FDG 0 0 7 7 Some on Rx
Machlin 1991 HMPAO 0 0 + 0
Sawle 1991 H2O + 0 + 0
Rubin 1991 Xenon 0 0 0 0
Rubin 1991 HMPAO + 0 + 7 +parietal
Perani 1995 FDG + + 0 0 +thalamus
Lucey 1995 HMPAO 7 0 7 7 7thalamus

7parietal
Busatto 2000 HMPAO 7 7 0 0 +cerebellum
Busatto 2001 HMPAO 7 7 0 0 +cerebellum Early and late onset
Alptekin 2001 HMPAO + 0 + 0 +thalamus
Kwon 2003 FDG + 0 0 0 7parietal



Other studies (Horwitz et al., 1991) have reported an increased correlation 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). This is in keeping with the pattern emerging from other treat-
ment studies (Table 9.3) where a reversal (inmost cases a decrease) in orbito-frontal
and caudate metabolism, of the baseline abnormality is associated with treatment
response. These decreases are across all treatment modalities including behaviour
therapy, pharmacotherapy and neurosurgery. Where this has been documented,
smaller magnitude of baseline abnormalities in the above areas, especially the
orbito-frontal cortex, is associated with better outcome. One study (Brody et al.,
1998) proposed that basal abnormality patterns can predict differential response
to behaviour therapy or pharmacological treatment. This study argues that good
response tomedication is, as in the other studies, associatedwith lower restingmeta-
bolism in orbito-frontal cortex; however, better response to behaviour therapy is
related to higher resting metabolism in the orbito-frontal cortex. These findings
have, to some extent, been confirmed by Rauch et al. (2002) who have reported
that lower perfusion values in the orbito-frontal cortex and higher perfusion values
in the posterior cingulate predicted better response to fluvoxamine (an SSRI)
regardless of whether the imaging data had been acquired during rest or symptom
provocation. This group has also demonstrated that good response to anterior
cingulotomy (neurosurgery) in cases of treatment-resistant OCD, is also associated
with higher posterior cingulate metabolism pretreatment (Rauch et al., 2001).
These findings are intriguing and their robustness will have to be ascertained.
However, if differential treatment efficacy can be predicted by pretreatment brain
function correlates, brain imaging will have achieved a significant milestone.

Another line of enquiry which is likely to produce useful leads on patterns of brain
processing in psychiatric disorders in general and inOCD in particular is the explora-
tion of changes in task-related activations when compared with healthy volunteers.
This approach has strong theoretical appeal as it aims to dissect the influence of illness
on the assembly of functional networks needed for the performance of disparate tasks.
As such it may inform on how individual processing modules are affected by the
disorder. Such an approach has been pioneered by Rauch and colleagues using PET
(1997).They established that OCD patients do not activate the inferior striatumwhen
performing an implicit learning task, while abnormally activating the temporal
cortices, thus speaking to a dysfunctional striatum.

InVivo Neurochemistry

Two studies have been published using [11C]McN 5652 PET (Simpson et al., 2003)
and beta-CIT SPECT (Pogarell et al., 2003) as measures of serotonin transporter
density.The US PETstudy showed no difference in transporter density in the basal
ganglia, thalamus, midbrain, hippocampus, amygdala and anterior cingulate
between OCD patients and volunteers.The European SPETstudy showed reduced
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serotonin transporter binding in the pons in patients with OCD compared with
controls. These differences could be ascribable to differences in imaging methods;
however, they are more likely to be related to clinical issues such as the fact that the
European sample had a number of patients who had developed OCD in childhood
and also had a higher prevalence of significant depression scores. Indeed if patients
with late-onset OCDwere comparedwith controls in the Pogarell study, there were
no significant differences between groups.

Panic Disorder

Panic disorder is characterized by repeated and sudden paroxysms of intense
anxiety or fear that are accompanied by cardiovascular, repiratory, vestibular,
gastrointestinal and skin somatic symptoms as well as catastrophic cognitions.
These episodes, known as panic attacks, can occur in specific situations or can be
totally unexpected, sometimes occurring during sleep. Panic attacks can lead to a
severe restriction in the ability to lead an independent life and panic disorder results
in decreased life expectancy through cardiovascular causes and suicide.The yearly
prevalence of panic disorder is about 1% with a lifetime prevalence of about 4%.
Clearly the prevalence of isolated panic attacks is much higher. Panic disorder
responds to antidepressant medication (especially serotonin reuptake inhibitors),
high potency benzodiazepines and cognitive-behavioural therapy; with these a
response rate of about 70% is achieved.

Panic attacks can be provoked in vulnerable individuals by using a variety of
probes (for example CO2 and lactate). Therefore panic attacks were one of the first
psychiatric symptoms to be studied in some detail using imaging, as experimenters
used these challenges to provoke the desired state in the confines of the scanners.
Initial results fitted with theories derived from animal studies of anxiety as they
demonstrated hippocampal and anterior temporal poles activation with the experi-
ence of anxiety in patients with panic disorder. However, this signal was re-
interpreted as a consequence of the reappraisal of the anatomical specificity of data
collected on prototypical PETscanners. In these cameras it was difficult to separate
temporal lobe activations fromextra-cranialmuscular events; the latter were respon-
sible for the large activations observed, hence discounting the original results.These
reinterpretations were quite damaging to the perception of nuclear medicine techni-
ques in the exploration of brain correlates of psychopathology because they affirmed
the concept that PETdatawere too noisy to allow adequate brain anatomical locali-
zation without co-registration with MRI images. Clearly this is not the case with
modern scanners and high specific activity; but, for a long time, anxiety researchers
had to carry out control experiments that involved teeth-clenching conditions as well
as MR structural scanning in order to avoid adverse critical appraisals.

Since then studies have confirmed hippocampalmetabolic asymmetry andparieto-
temporal hypofunction at rest as well as anterior cingulate and orbito-frontal
activation with anxiety experience as the most reproduced findings. Other major
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advances in understanding panic disorder have come from pharmacological
imaging where abnormalities in GABAA-benzodiazepine and 5-HT1A binding
have been demonstrated.

Structural Imaging

Structural imaging has been used to investigate the notion that panic disorder 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 panic
disorder in contrast to PTSD and depressive disorders.

In a study of 30 consecutive patients from their clinic with panic disorder, Onti-
veros et al. (1989) compared themwith 20 healthy volunteers using structuralMRI.
11patients and one control were thought to have significant abnormalities on their
MRI scans mainly in the right temporal lobe (mainly areas of increased signal
intensity which indicate white matter abnormalities in the medial portion of the
lobe) 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. Applying
different criteria to a similar sample of patients, the same group found that 40% of
patients with PD and 10% of healthy volunteers had medial temporal structural
abnormalities (Fontaine et al.,1990).The strength of these studies is that they inves-
tigated consecutive panic disorder patients whowere referred to a psychiatric clinic
thus avoiding some of the possible selection biases; however, the sample may not be
representative as many patients with PD do not get referred to secondary care.
These findings are echoed in a study of 20 panic disorder patients and 28 controls
by Dantendorfer et al. (1996) which also suggests that temporal lobe abnormalities
as detected with MRI are much more common in panic disorder patients than in
controls (29% vs. 4%). The prevalence of these abnormalities increased to 61% if
only PD patients with‘non-epileptic’EEG abnormalities were selected for compar-
ison, while they were present in 18% of the panic disorder patients without EEG
abnormalities. The authors commented that a high number of septo-hippocampal
abnormalities were found. Vythilingam et al. (2000) employed volumetric MRI
comparing 13 patients and 14 healthy volunteers. They found that both temporal
lobes (excluding the hippocampus) were smaller in panic disorder patients even
after controlling for the fact that patients have smaller brains than healthy controls.
Interestingly, this was not due to the larger number of women in the panic disorder
group asmales and femaleswithpanic disorder have almost identical brainvolumes.
Further, there was no difference in hippocampal volume between patients and
controls. Massana et al. (2003a, 2003b), however suggested that the posterior
medial temporal lobe as well as the amygdala are smaller in patients with panic
disorder.
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RestingMetabolism and Symptom Provocation Studies

Panic disorder was investigated early in the development of brain imaging research
because of the unambiguous definition of the disorder and because of the relative
effortlessness with which panic attacks could be brought on. However, it was soon
realized that it was very difficult to scan patients during a panic attack as patients
would find it difficult to stay in the camera.Therefore experiments were refined by
concentrating on the resting state and by separating out subgroups of patients who
were sensitive to anxiogenic challenges from patients who were not. It was thought
that this strategy would be likely to produce a sample of people who had resting
brain metabolic abnormalities.

Three initial studies (Reiman et al.,1984,1986,1989) showed temporal lobe acti-
vations, amongst others. These early results were congruent with animal data and
with activations provoked in healthy volunteersby fear conditioning (Reiman et al.,
1984). However, 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., 1992a) and so all the temporal activations reported by this group at
that time have to be considered cautiously. The use of modern scanners and of co-
registrationwith anatomical images makes this sort of error difficult to repeat.

Stewart et al. (1988) used symptom provocation and [133Xe] SPECT to investi-
gate10 patients with panic disorder and five healthy controls were compared. Scans
were carried out before and after either a lactate or a saline infusion. Six patients
had a panic attack and were compared with non-panickers and controls. Global
hemispheric blood flow was increased post lactate infusion in non-panickers and
controls.This changewas greatest on the right but it did not reach statistical signifi-
cance. People who experienced a panic attack did not show such a change; this was
interpreted by the authors to be the result of hyperventilation that would in itself
decrease blood flow. People who experienced a panic attack showed a significant
increase in the occipital lobe normalized blood flow, as well as a trend for a decrease
in left prefrontal blood flow with panic attacks.These data can be compared with a
report by Fischer and colleagues (1998) who described an experiment in which a
healthy volunteer experienced a spontaneous panic attack while within a PET
scanner. Panic in this woman was associated with activations in the right ventral
and medial orbitofrontal cortex. Activations reported in the genual anterior cingu-
late and in the right temporal cortex show stereotactic coordinates which could also
be interpreted as being in the orbito-frontal cortex. In summary there is little
convergence between these reports indicating that more investigations are needed
to understand the pattern of brain activity during a panic attack.

A consistent pattern is also difficult to establish in the five studies which have
examined basal blood flow or metabolism in panic disorder, although there is some
convergence of observed decreases in resting metabolism in the parieto-temporal
cortices and of lower left/right hippocampal ratios in some patients. Nordahl et al.
(1990) used 18FDGPET to compare12 medication-free patients with panic disorder
with 30 healthy volunteers at rest. Scanning was carried out during an auditory
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continuous performance task (CPT) in order to control the environmental condi-
tions. Panic disorder patients had lower left to right hippocampal metabolic 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 positively with medial orbito-frontal metabolism. The
same group (Nordahl et al., 1998) successively reported on nine panic disorder
patients successfully treated with imipramine and compared their resting cerebral
metabolism measured with 18FDG PET with healthy volunteers and untreated
panic disorder patients. Compared with healthy volunteers, treated patients had
lower L/R hippocampal and prefrontal metabolic ratios; this was not different
from untreated PD patients, thus speaking to a possible trait abnormality. Lower
posterior orbito-frontal metabolism was found in treated patients when compared
with healthy volunteers or untreated patients and this effect was ascribed to clomi-
pramine since it was similar to effects observed in patients treated with other
tricyclic antidepressants (Benkelfat et al., 1990). Post hoc comparisons revealed
that hypometabolism in the left parietal and left Rolandic areas in untreated panic
disorder patients was not present in the treated group.

Malizia et al. (1997) compared resting perfusion between 11patients with panic
disorder on nomedication and seven healthycontrols. Patients had significant lower
delivery in posterior temporal, inferior parietal and cerebellar cortex bilaterally. In
patients, but not controls, the Spielberger State Anxiety Inventory administered
just prior to scanning covaried positively with anterior cingulate and negatively
with middle temporal and cerebellar perfusion. 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. De Cristo-
faro et al. (1993) examined nine patients with PDand five controls at rest with 99Tc-
HMPAOSPECT. Sevenpatientswhowere lactate sensitive and treatment naive had
significantly increased asymmetry (interpreted as increased right-sided flow) in the
inferior orbitofrontal cortex, increased flow in the left occipital cortex and
decreased flow in the hippocampal/amygdala bilaterally. Bisaga et al. (1998) also
compared the resting cerebral metabolism of six lactate-sensitive, treatment-free,
female patients with panic disorder with healthy volunteers using 18FDG PET.
They reported significant decreases in metabolism in panic disorder patients in the
right inferior parietal area, and the right superior temporal gyrus, with increases in
metabolism in the left parahippocampal gyrus.

Three studies have been conducted using a pharmacological challenge. In these
studies investigators administer an agent known to be panicogenic or to significantly
affect a neurochemical system thought to be involved in the generation of anxiety.
Scanning is carried out before and after administration and changes in perfusion are
recorded. Yohimbine is an a2 noradrenergic antagonist that provokes anxiety in
patients with a variety of anxiety disorders. Its effects are probably mediated by
blockade of autoreceptors leading to larger concentrations of intrasynaptic
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noradrenaline. Woods and his group (1988) used a yohimbine challenge in panic
disorder patients that resulted in large decreases in HMPAO SPECT signal in the
frontal cortex. The study has, however, not been described in more detail elsewhere
so that conclusions are difficult to reach.

Fenfluramine increases serotonergic release and transmission. Meyer and collea-
gues used it as a challenge in female panic disorder patients and volunteers. The
scans were timed so that panic attacks, if present, would occur while the person
was not being scanned. Thus no data are available on whether fenfluramine
increased anxiety or indeed whether the anxiety increases were related to changes
in perfusion.The investigators found that, at rest, panic disorder patients had lower
blood flow in the posterior parieto-temporal area. This area of cortex also had
significant greater increases in perfusion in panic disorder patients after fenflura-
mine when compared with healthy volunteers. This area is coterminous with the
hypometabolic areas reported by other studies in panic disorder (Nordahl et al.,
1990, 1998; Malizia et al., 1997). Boshuisen et al. (2002) used pentagastrin that is
an agonist at cholecystokinin-B (CCK-B) receptors in order to provoke anxiety in
patientswithpanic disorder andcontrols. Interestingly the areas that were activated
in patients during anticipatory anxiety (i.e. before the injection of pentagastrin)
were the same areas that showed large increases and decreases in perfusion post
drug administration in patients. Patients had increases in perfusion of the parahip-
pocampal gyrus, the superior temporal lobe, the anterior cingulate gyrus, and the
midbrain and decreases in the in the precentral gyrus, the amygdala, the inferior
frontal gyrus, and the anterior insula.

In summary three findings of altered brain metabolism or perfusion in panic
disorder are consistent:

. the presence of a left to right asymmetry in hippocampal metabolism which is
mainly detected at rest, although the side which is predominant is in dispute;
this probably is the manifestation of a unilateral increase in metabolism;

. parieto-temporal hypometabolismwhich may rectify on treatment and which is
in the same location as fenfluramine activation;

. changes in anterior cingulate and orbito-frontal metabolism as in other affective
or anxiety conditions.

InVivo Neurochemistry

Receptor Binding. Psychopharmacology challenge findings (e.g. Nutt et al., 1990)
implicate GABAA receptor in the pathophysiology of panic disorder. Six iomazenil
SPECTstudies of panic disorder have thus far been published (Schlegel et al., 1994;
Kuikka et al., 1995; Kaschka et al., 1995;Tokunaga et al., 1996; Brandt et al., 1998;
Bremner et al., 2000b). Schlegel et al. (1994) were the first to report decreased
benzodiazepine receptor binding in panic disorder using iomazenil SPECT
comparing, at 90^110 minutes post injection, 10 patients with panic disorder with
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10 patients with epilepsy on carbamazepine. The decreases were significant in the
occipital and frontal lobes andmaximal in the temporal lobes. Kaschka et al. (1995)
studied nine medicated patients with PD comorbid with depression compared with
a matched group of medicated patients with dysthymia using iomazenil SPECT
scans at two hours 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 minutes post injection
reflecting changes dominated by delivery effects. All participants were on anti-
depressants. Both these studies have inappropriate control groups and one
examines patients with comorbidity. On the other hand Kuikka et al. (1995) using
two different SPECTcameras studied 17 unmedicated patients with panic disorder
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) also showed that patients
with panic disorder 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 contaminatedby signal
dependent on ligand delivery. Tokunaga (1997) followed a very rigorous scanning
methodology but did not use a standard psychiatric classification, thus limiting the
significance of his demonstration of global reduced benzodiazepine binding in
patients with anxiety disorders. Finally Bremner et al. (2000) carried out a very
careful SPECT study with robust technological methodology. Panic disorder
patients had a relative decrease in benzodiazepine receptor binding in left hippo-
campus and precuneus relative to controls. It was further observed that panic
disorder patients who had a panic attack also had a decrease in benzodiazepine
receptor binding in prefrontal cortex when compared with patients who did not
have a panic attack at the time of the scan. An increase in benzodiazepine binding
in the right caudate, in the occipital lobes, in themiddle temporal and in themiddle
frontal cortex was also reported. However, although patients were drug-free at the
time of the scan none of themwere benzodiazepine-naive and therefore changes in
receptor expression due to previous treatment cannot be excluded.

In the only fully quantitative study of benzodiazepine-naive and drug-free
subjects, Malizia et al. (1998) investigated panic disorder patients with [11C]fluma-
zenil PET and found a 20% global decrease in binding. These changes were
maximal in ventral basal ganglia, orbito-frontal and temporal cortex. 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 reference region; this
method considerably increased noise and resulted in the observed global decreases
in benzodiazepine binding not being statistically significant.

In summary, while there are not enoughmethodologically sound studies to come
to firm conclusions, the weight of evidence favours the observation that benzodiaze-
pine receptor binding is decreased in panic disorder.This seems to be the case for 5-
HT1A receptors also.
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[11C]WAY100635 has been available as a useful PETradioligand to investigate 5-
HT1A receptors and Sargent et al. (2000b) demonstrated decreases in cortical and
subcortical 5-HT1A binding in medication-free panic disorder patients when
compared with controls. These decreases were also present but to a much lesser
extent when comparing panic disorder patients on SSRI treatment with controls,
this effect being maximal in amygdala, temporal lobe and orbitofrontal cortex.The
samples were from different patients but they suggest that the decrement in 5-HT1A
binding is at least partially reversible by successful treatment in panic disorder ^ in
contrast to major depressive disorder where the deficit seems not to be reversed.
Neumeister et al. (2004) have also found decreased binding of WAY100635 in the
cingulate cortex and raphe in untreated panic disorder patients, although their
sample included patients who also had major depressive disorder. 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 man. Further, reduced binding at benzodiazepine and 5-
HT1A receptors may share a common aetiology, as demonstrated in the 5-HT1A
knockout mice (Sibille et al., 2000).

In summary two main findings emerge from the nuclear medicine receptor
imaging experiments in panic disorder although these conclusions are based on
only a few experiments:

. there is reducedbenzodiazepine binding inbenzodiazepine-naive panic disorder
patients;

. panic disorder patients also show reduced 5-HT1Abinding thatmaybe reversible
by successful pharmacological treatment.

Post-traumatic Stress Disorder

Post-traumatic stress disorder (PTSD) is a condition that emerges three to six
months after the occurrence of a threatening life event whereby the subject thought
that his life or his physical integrity was at serious risk. For many sufferers the devel-
opment of the disorder follows repeated exposure to such events.While increased
anxiety and decreases in sleep are common in the immediate aftermath of a major
trauma, these symptoms tend to subside in a few weeks in peoplewho do not develop
the disorder. Patients who develop PTSD, however, find that, rather than subsiding,
the symptoms become worse. Patients suffer with reduced sleep, nightmares, severe
irritability, changes in personality, flashbacks where the patient re-experiences the
events as if being there, occasionally having pseudo-hallucinations. Further, they
experience increased and unbearable startle responses, panic attacks, feelings of
emotional flattening, of impending doom and of life being foreshortened and not
worth living. PTSD is often accompanied by severe social maladjustment and by
alcohol and substance abuse as patients try to self-medicate to decrease arousal
and emotional turmoil.
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Anatomical Imaging

PTSD is a condition which by definition occurs after an unusually severe stressful
event. Acute stress is known to result in a physiological response which is mediated
by ascending monoaminergic systems (noradrenaline, dopamine and serotonin) in
the short term and by the hypothalamic^pituitary^adrenal axis in the longer term
whereby stress results in increased glucocorticoid (GC) concentration in plasma and
brain. Recently, much attention has been devoted to the noxious effects of increased
GC on neurons (Sapolsky,1996), particularly in the hippocampuswhere it is thought
that persistently high GC concentrations induce reversible atrophy of the dendritic
spines. This process is followed by neurotoxicity where, over the course of months,
high GC concentrations kill hippocampal neurons. These observations lead to the
conclusion that prolonged periods of stress, leading to increased GC concentration,
result in hippocampal atrophy in man, a theory supported by findings in depression
(which is accompanied by HPA-axis abnormalities 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 which causes considerable distress. 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.
FiveMRI studies of adult PTSD patients have been performed that have used volu-
metric MRI with manual segmentation of the hippocampus (Gurvits et al., 1996;
Stein et al., 1997; Bremner et al., 1995, 1997; 2003). Each study had a different
criterion for definition of the hippocampus since some investigators prefer to
measure a clearly defined portion (e.g. middle) rather than increasing noise by
including areas with poor boundary definition.

On the whole, all studies report a decrease in hippocampal volume that is small
except for Gurvits et al. (1996). However, a firm conclusion from these studies is
made difficult by the usual problem of the unlikely reporting in the literature of
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 matching and the use of multiple
linear regression; however, the direct effect of these factors cannot be categorically
excluded. Finally, imaging confounds such as cohort sequence in scanning (i.e.
patients’group and controls’group being scanned at different times) can cause arte-
fact whichwould result in the reported differences.This canbe due to scanner drift,
producing a significant bias in the grey values of the image.This potential problem
is only reported in one paper (Gurvits et al.,1996) but shouldbe explicitly excluded.
Despite the above limitations, the consistent reported picture is of reduced hippo-
campal volume in patients with PTSD which may be associated to clinically
important variables such as severity of exposure, severity of dissociation orWechsler
memory score.
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The observation of mild hippocampal atrophy is supportedby the only published
magnetic resonance spectroscopy study (Freeman et al., 1998). This study shows
significantly reduced NAA/Cr (N-acetyl aspartate/creatinine) proton MRS ratios
(an index of neuronal damage) in the right medial temporal lobe and significant
reduction in Cho/Cr (choline/creatinine) ratios (possibly an index of white matter
damage) in the left medial temporal lobe in 21veterans with PTSD compared with
eight control veterans.

What Is the Significance and Mechanism of Hippocampal Damage in PTSD?.The signifi-
cance of a decrease in hippocampal volume is difficult to interpret on its own as it
may be a predisposing factor to developing PTSD rather than a consequence of the
trauma. Mild hippocampal atrophy as a predisposing factor to PTSD is, however,
less likely than originally postulated as Bonne et al. (2001) demonstrated that
trauma victims who develop PTSD do not have smaller hippocampi than trauma
victims who do not develop PTSD. In this study trauma victims had MRI and
psychometry at one week and six months after the trauma.

So, if thehippocampal changes are secondary to the trauma, it wouldbe 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., 1996). A case can be made
that GC receptor sensitivity precipitates neuronal and in this case hippocampal
neurons in PTSD would have hypersensitive GC receptors. It is difficult, however,
to reconcile this concept with the human depression findings without invoking the
contribution of other possiblemediating factors (e.g. noradrenaline release (Petty et
al., 1994)).

Whatever the mechanism, a recent study demonstrates that pharmacological
treatment is likely to reverse the atrophy and that therefore the latter is likely to be
an index of dendritic health. Vermetten et al. (2003) have demonstrated that
after 9^12 months treatment with paroxetine, symptomatic improvement is accom-
panied by abilateral 4^5% increase in hippocampal volume and a 30% increase in
Wechsler memory scales subtest. These very exciting results, if confirmed, suggest
that treatment not only reverses symptoms but has neurotrophic effects.

Lateralization of Hippocampal Damage and PTSD.The evidence so far suggests that if
lateralization is indeed present, then patients with adult onset PTSD have smaller
right hippocampi and patients with childhood onset PTSD have smaller left hippo-
campi. It is likely that lateralization is an artefact of the small sample sizes.
However, if these data were to be robustly replicated, the implication would be
that patients with PTSD from childhood experiences or PTSD from adult
trauma have smaller hippocampi in a side by condition interaction where adult
PTSD relates to right atrophy and childhood PTSD to left atrophy. The
mechanism may be related to differences in brain connectivity between the
adults and children.

250 ____________________________________________________________________________________ A. L. MALIZIA



RestingMetabolism and Symptom Provocation Studies

Activation studies have involved the subtraction of relative regional blood flow
between a resting or control condition and an activation condition congruent with
the trauma. In many of these other controls were also included in order to estimate
whether the changes in cerebral blood flow were specific to PTSD 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 positron emission
tomography. 31patients were studied in total, one study being completely on child-
hood sexual abuse victims and one inwar veterans. In all the studies the exposure to
the trauma-related stimuli (either autobiographical memories or imagery/percep-
tion of trauma scenes) produced an increase in emotional cognitions and
physiological signs of increased arousal; these changes were far greater in magni-
tude in PTSD patients than controls. Two studies (Rauch et al., 1996; Shin et al.,
1999) employed autobiographical scripts to induce emotion. In these experiments
the resting condition is listening to a script of neutral autobiographical memories
while the activated condition consists of listening to a script of memories of the trau-
matic event. Both studies showed a similar 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. Ante-
rior cingulate and anterior insula activations were thought to be nonspecific as they
were inducedby the experience of strongly emotionally ladenmemories irrespective
of having developed PTSD.Volunteers re-experiencing traumatic events (but who
had not developed PTSD) also had similar magnitudes or larger activations than
PTSD patients in these areas. Orbito-frontal and anterior temporal activations
were larger in PTSD patients but not unique to the patient group, suggesting a
quantitative rather than qualitative difference in the circuits linked to emotional
responses to traumamemories.The left inferior frontal decreases were present only
in the PTSD patients andcould therefore represent a specific pathological response.
Another study (Shin et al., 1997) compared the activations 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 very
different loci) and of left inferior frontal decreases.

The fact that anterior cingulate increases were much more prominent in
control trauma victims lead the Boston group to postulate that PTSD patients
did not activate the anterior cingulate in response to emotional stimuli. This
notion was tested in a study by Shin et al. (2001) who demonstrated, using
fMRI, that PTSD patients did not activate the anterior cingulate when
performing an emotional Stroop task.

In this context Lanius et al. (2001) demonstrated that on recall of traumatic
events, PTSD subjects activate the anterior cingulate more than controls; however,
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the spatial extent of this activation is more limited and therefore it is possible that it
would only be picked up at higher field strengths.

One of the contemporary paradigms of choice that has evolved from previous
experiments is related to testing the functionality of particular brain areas in
response to specific tasks. In this context Rauch et al. (2000) demonstrated that on
presentation of masked faces with emotional expression, patients with PTSD acti-
vate the amygdalamore than controls suggesting a hyper-reactivity of these subjects
to novel threatening stimuli.

Other activation studies contribute to current knowledge.One studydocumented
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 groupby investigating victims of childhood sexual abuse with
and without PTSD using autobiographical scripts of trauma minus neutral scripts
(Bremner,1999).This study showed a completely different pattern of regional blood
flow change compared with 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).

Two other studies are from the same group. One study set out to test the hypoth-
esis of an increase in medial prefrontal blood flow in PTSD victims (medial
prefrontal cortex is involved in extinction and hadbeen activated inprevious studies
by the same group) when compared with healthy controls or veterans while
listening to combat sounds compared with white noise (Zubieta et al., 1999) and
indeed found such an increase. The other (Liberzon et al., 1999) described an
increase in anterior cingulate perfusion with exposure to combat sounds irrespec-
tive 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 flash-
back which occurred by chance during an HMPAO SPECTstudy (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 listened to a tape of combat sounds, the subject experienced
feeling ‘back inVietnam’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 gangliametabolismwas increased by15%.This
change in cortico-thalamic ratio could not be explained by changes due to hyper-
ventilation and the authors interpreted it as representing a dissociative change in
state of consciousness. Osuch et al. (2001) also found positive correlations between
the intensity of flashbacks and perfusion in the brainstem, lingula, bilateral insula,
right putamen and left hippocampal and perihippocampal, somatosensory and
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cerebellar regions, while negative correlations were observed in bilateral dorsolat-
eral prefrontal, right fusiform and right medial temporal cortices. On the other
hand Pissiota et al. (2002) found that the experience of symptoms was linked with
increases in the pons, amygdala, sensory motor areas and the cerebellum.

While dorsolateral and medial prefrontal decreases and limbic increases are seen
in some studies, it is difficult to subscribe to a consistent picture emerging from the
imaging studies thus far conducted in PTSD. In particular the total dissonance of
two studies which at face value are very similar (Shin et al., 1999; Bremner 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 number of subjects
it is perhaps not surprising that differences are as striking as the similarities.Thus it
can be concluded that large studies employing comparable techniques in different
laboratories are needed in order to generate robust analyses of a generalizable
nature. This conclusion may be more pertinent to PTSD than other psychiatric
groups because of the heterogeneity of the pathogenesis and comorbidity. Much of
this work will be carried out usingMRtechniques in future.

InVivo Neurochemistry

TheYale group (Bremner et al., 2000a) investigatedVietnam 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.
The authors argue that, despite the lack of human pharmacological 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 (Weizman 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. Another investigation by theYale group (Bremner et al., 1997) examined
the differences in regional metabolic rate after the administration of yohimbine to
patients with PTSD and healthy volunteers. Yohimbine is an a2 noradrenergic
antagonist which increases noradrenaline release by blocking the presynaptic auto-
receptors. The study employed 18FDG PET as the measure of metabolism. The
metabolic effects of noradrenaline are inhibitory on postsynaptic neurons; however
the overall metabolic effects for a cortical volume depend on the extent of noradre-
nergic activation. Low levels of noradrenaline release are postulated to increase
regional metabolism through an increase in local synaptic work that is responsible
for a large proportion of the local metabolic requirements. At higher levels of nor-
adrenergic activity (as seen with presynaptic blockade), however, a net decrease in
local metabolism is observed. This occurs, presumably, because the reduction in
the number of active local interneurons becomes predominant in comparison to
the increased synaptic transmission at noradrenergic synapses. Although
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noradrenergic modulation affects vascular responsivity, this can be corrected for in
18FDGPETand is therefore not a confounding factor.This study demonstrated that
yohimbine generates a global small increase in grey matter metabolism in healthy
volunteers consistent with a small increase in noradrenaline release, while patients
with PTSD responded with amoderate global decrease in grey matter metabolism,
that was maximal in the orbito-frontal cortex and significant in the prefrontal,
parietal and temporal cortices. Significant behavioural activation occurred in
PTSD patients but not in volunteers. The authors interpreted this observation as
evidence of increased sensitivity to the noradrenergic releasing properties of yohim-
bine in PTSD, which is in line with their previous pharmacological observations in
this patient group.

Social Anxiety Disorder (Social Phobia)

Social anxiety disorder has been recognized as a psychiatric disorder with impor-
tant personal consequences only in the last10 or so years. Its lifetime prevalence has
been estimated to be over10% but only 5% of patients with this disorder seek treat-
ment.The disorder is characterized by excessive fear of public scrutiny in situations
that normally do not arouse anxiety such as eating in public, entering in a public
place or even standing in a queue or filling up the car with petrol at a petrol pump.
In these situations patients experience somatic and cognitive symptoms of anxiety
and seek to escape the situation. Blushing and upper chest and facial flushing are
commonly described and these lead to panic-like feelings as patients believe that
these signs can be seen by others thus increasing the chance of being scrutinized.
This description relates to generalized social anxiety disorder. Some people experi-
ence specific or circumscribed social anxiety disorder whereby they experience
anxiety only in some situations such as public performance. This latter picture is
probably on a continuum with performance anxiety that many people experience
but can have deleterious consequences when the person depends on public perfor-
mance for his living. For many, social anxiety disorder starts in childhood and has a
chronic course; most people do not present for treatment until their late twenties or
early thirties.

Structural Imaging

Only one volumetric study using MRI has reported on the comparison of anato-
mical 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 reductionwas not corre-
lated to symptom severity but is of interest given the changes in dopaminergic
function reported below.
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Functional Imaging

The first study that compared resting metabolism between healthy volunteers and
controls used HMPAO SPECTwith a single-headed rotating gamma camera and
showed no difference between 11 patients and 11 controls (Stein and Leslie, 1996).
Since then a treatment study byVan der Linden et al. (2000) using the same tech-
nique, showed that an eight-week course of citalopram reduced metabolism in the
left temporal and frontal cortices and the left cingulum. This reduction was not
observed in non-responders who had higher baseline metabolism in these regions
whencomparedwith responders.Therewas no healthy volunteer group in this study.

Activation Studies

Two groups have examined whole brain changes in blood flow with anxiety provo-
cation in patientswith social anxiety disorder usingH2

15OPET.Tillfors et al. (2001)
compared 18 patients with social phobia with six healthy volunteers during the
private or public performance of a prepared 2.5 minutes speech about a travel
experience or a holiday. When the public performance 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 secondary visual cortex and right parietal cortex. Significant
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 autobio-
graphical scripts paradigm; there was no comparison with healthy volunteers. In
this, scans acquired during listening to different autobiographical scripts of recent
social anxiety and positive affect generating events, were compared. During the
anxiogenic scripts, self-reported and psychophysiological 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 amygdalawith 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(z¼ 2.6 in Uppsala and
z¼ 3.1in Bristol) and the lackof a comparisonwith healthy volunteers in the second
study. However, alterations in essential limbic structures such as the amygdala and
anterior insulawere present inboth studies, albeit in a reciprocal fashion in terms of
direction 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 amygdalawhen exposed to slides of neutral faces while controls do not.
The same group also demonstrated (Schneider et al., 1999) that these differences
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are exacerbatedwhen neutral faces are pairedwith a negative odour thus becoming
a conditioned negative stimulus. In this experiment, controls decreasedperfusion 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 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.

InVivo Neurochemistry

Dopaminergic underactivity and social anxiety have been postulated to be related
from animal models, human diseases such as Parkinson’s and the effects of dopa-
mine modulating agents (reviewed in Bell et al., 1999). Two studies have provided
evidence for dopaminergic dysfunction in social phobia by measuring the density of
dopamine transporters and D2 (mainly postsynaptic) receptors in the basal ganglia
of patients with this condition and controls, using SPET. The first study, using
[123I]beta-CIT, demonstrated that 11 Finnish social phobia patients had decreasd
binding potential for the dopamine transporter in the striatum. This has been
followed by a study by Schneier et al. (2000) who have 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 radioligand binding.

. Mild atrophy of the basal ganglia.

Spectroscopy

Two studies (Davidson et al., 1993; Tupler et al., 1997) have examined creatine,
NAA, choline and myoinositol spectra in patients with social anxiety disorder.The
measures have all been relative and the second study allowed separation of cortical
and subcortical grey and white matter. The authors find a number of significant
differences in spectrabetween patients and controls which they interpret as cortical
increases in myoinositol andcholine concentrations in patients that were not altered
by eight weeks’ treatment withbenzodiazepines.Thebiological significance of these
altered signals is, however, uncertain.Thus these findings do not, as yet, contribute
to a biological understanding of this disorder.
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Generalized Anxiety Disorder

Generalized anxiety disorder hasbeen little studiedwith 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 benzodiazepines in GAD (Buchs-
baum et al., 1987; Wu et al., 1991; Mathew andWilson, 1991). In all three studies
the administration of diazepam resulted in decreases in global and regional meta-
bolism which was greatest in the areas with the greatest density of benzodiazepine
binding sites. Changes in anxiety score on benzodiazepines did not correlate with
any of the regional changes, while changes in anxiety score during placebo admin-
istration 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 information available for this
disorder. Tiihonen et al. (1997b) demonstrated a significant decrease in left
temporal pole benzodiazepine binding using [123I]NNC 13-8241 SPET. This was
accompanied by a decrease in variability 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 generalized
anxiety disorder 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); however this was probably due to technical limitations as
Rauch et al. (1995) demonstrated increases in perfusion 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 SPECTreported decreased HMPAOuptake
in the occipital cortex while patients with specific phobias listened to a four-minute
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 activations 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 have been reported.
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Commonalities among Anxiety Disorders

There are three groups who have done similar anxiety provocation studies in
more than one group of volunteers. Rauch and colleagues (Rauch et al., 1993,
1995, 1996) in Boston have studied patients with obsessive-compulsive disorder,
with simple phobia and with post-traumatic stress disorder and have subsequently
reported a formal comparison (Rauch et al., 1997). Fredrikson and colleagues
(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
published a comparison between the phobic provocation and the re-experience of
the bank robbery, but without formal statistical comparison. Malizia and collea-
gues (Malizia, 2001) have examined patients with social phobia and healthy
volunteers taking part in a conditioned anticipatory anxiety paradigm and
conducted a formal comparison of these groups.

Altogether, these data have tobe interpreted in the light of comparative findings in
studies of anxiety provocation in healthy volunteers (Benkelfat et al., 1995; Malizia,
2001; Servan-Schreiber et al., 1998; Chua et al., 1999; Javanmard et al., 1999;
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 cere-
bellum, a pontine locus variously described as superior colliculi or PAG and often,
but not always, medial temporal structures (amygdala, parahippocampal gyrus)
especially on the left. All these (except the cerebellum) are areas which 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 components 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 particular aspects of the anxiety
disorder; so basal ganglia activation fits well with the theory of cortico-striatal
involvement in the obsessive-compulsive aspects of this disorder (Saxena and
Rauch, 2000), amygdala is consistently involved in studies of social anxiety 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 centres.
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Brain Imaging and Anxiety Disorders: Conclusions

The impact of the last10 years of imaging on the understanding 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 these datawere not available.

In general the main findings are:

. Anxiety experience, whether ‘healthy’or pathological, whether behaviourally or
pharmacologically induced, provokes regional brain metabolic changes that can
be mapped. Some of these regions are consistently activated across anxiety disor-
ders 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 hypo-metabolism
often correspond to areas activated by the experience of pathological emotions
as exemplified by OCD and possibly panic disorder.

. The above findings support a notion of a network inwhich some global processes
are tappedby various tasks and local regionswhich are consistentlyby particular
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 invol-
vement is likely to be common with other affective domains (including affective
decisionmaking) but not withmany other cognitive domains. Further, increased
correlations between orbito-frontal, thalamic and caudatemetabolism are likely
to be specific to OCD.These observations support the theory of amodularmodel
of brain function where individual components are responsible for particular
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).

. Hypotheses that specific processing dysfunction are associated with particular
disorders can start tobe generatedand therefore tested.These patterns of dysfunc-
tion may be predictive of treatment response as early data in OCD suggest.

. Specific neurochemical abnormalities can be detected and these may inform
future therapeutic developments and pharmacogenomic investigations. For
example investigation of GABAA a1, a2 and c2 polymorphisms (if they exist in
man) and selective agonists may lead to a better understanding of the pathophy-
siology and treatment of panic disorder.

Brain Imaging and Anxiety Disorders: the Future

The same enthusiasmnowwitnessed forMRandnuclearbrain imagingwas apparent
in the earlydays of EEG; however, this technique failed to deliver its promise.Thiswas
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due to a number of factors including poor localization and identification of the signals
and large interindividual variability in signal and signal modulation. The future of
brain imaging in the investigation of anxiety disorders will depend upon a number of
factors, some of which have already beenmentioned in the chapter:

. Standardization of technical methods, analysis techniques and experimental
protocols.

. Increased signal-to-noise to allow individual subject experiments to produce
maps of function.

. Involvement of large numbers of experimental subjects.

. Combination of naturalistic experiments and experiments designed to test
specific aspects of brain function.

. Combining techniques with good spatial resolution with techniques which have
superior temporal resolution such as magnetoencephalography (MEG).

. Production of new radioligands whichwill allow definition of the various neuro-
chemical systems in health and disease.

. Combined approaches where other information, e.g. genomics, is used to select
samples of patients or healthy volunteers.

. Synergy with preclinical science whereby human imaging results are used as
starting hypotheses for testing in animal and in vitromodels.

Many of these are being worked on at present and these efforts should result in
robust and effective investigational tools.

NEUROIMAGING RESEARCH INAFFECTIVE DISORDERS

Affective disorders are psychiatric conditions in which the main recognized distur-
bance comes from a persistent and abnormal variation in mood over prolonged
periods of time (from weeks to months). The most common affective disorder is
depression but abnormal elation leading to mania is also seen in a significant part of
the population. Affect disturbances can also occur in a variety of other brain disor-
ders such as stroke, multiple sclerosis, Parkinson’s disease and hypothyroidism to
name but a few. Up to 30% of people will experience at least one episode of affective
disorder in their lifetime; however, a smaller number (about 4%) will experience
recurrent disturbances that can lead to significant personal, economic and social
disability. Hundreds of million of people worldwide suffer with these disorders that,
like many other medical conditions, strongly affect the poor. For example, unipolar
major depressive disorder accounts for over 4%of the total burden of diseasemaking
it the fifth leading cause of disability (WHO,1999) and is the single leading cause of
disability in people aged 16^44 in many countries (Murray and Lopez, 1997). In
addition, while depressive disorders affect up to 25% of patients attending primary
care, these disorders often go unrecognized and untreated.
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Threemain types of affective disorder are recognized; their separation isbased on
the fact that treatment for these three major categories is different. Major depressive
disorder (also known as unipolar depression) is characterized by periods of
depressed mood accompanied by lack of energy, loss of pleasure, decreased or
increased sleep and appetite with accompanying variations in weight, poor concen-
tration, changes in sex drive and menstruation, cognitive changes including
worthlessness, hopelessness and helplessness. More severe cases develop notions
that life is not worth living, a desire to be dead, suicidal ideation and intent.While
many peoplewill only experience one such episode in their lifetime, somehave recur-
rent episodes. The disorder is clearly episodic. Prior to effective treatments, the
median duration of an episode would be about three months and the mean six
months; the distribution is strongly skewed with some people experiencing
profound depression for many months and perhaps years. Up to 15% of patients
with recurrent depression will be successful in eventually committing suicide.
Unipolar depression is treated with antidepressants and the current consensus is
that if three or more episodes occur in less than five years or if such episodes lead to
significant disability, thenpatients should consider taking treatment for life.There is
now considerable evidence that prolonged use of antidepressants prevents relapse in
many such cases.

If episodes of depression are accompanied by psychotic symptoms (the presence
of delusions and/or hallucinations) the condition is known as major depressive
disorder with psychotic symptoms, or psychotic depression, and antidepressants
alone are not sufficient ^ combinations of antidepressants and antipsychotics are
administered for treatment to be effective.

Finally some patients experience cyclical changes in mood that can lead to
episodes of inappropriate elation and overactivity accompanied by socially destruc-
tive behaviours (sexual promiscuity, excessive spending, aggression). Patients with
these episodes will at some time in their life also experience depressive episodes and
the balance between depression and mania depends on the individual cases. Some
people experiencemildmania occasionally but severe depression often; at the other
end of the spectrum some have transient depression but recurrent mania that leads
them to be hospitalized often.This condition, known asbipolar affective disorder, is
treated mainly with mood stabilizers such as lithium, carbamazepine and sodium
valproate, alone or in combination. Antipsychotics or antidepressants may be used
to treat residual symptoms.

Nuclear medicine techniques have been extensively used in research in these
disorders although, for obvious clinical reasons, it is very difficult to study patients
who havemania at the time of investigation.This isbecause patientswill, in general,
find it very difficult to keep focus for long enough to collaborate with an imaging
study.The episodic nature of the affective disorders makes them attractive for inves-
tigations of changes that occur with psychopathological state. However, centres that
are technologically advanced andcan, therefore perform such studiesmeaningfully,
are co-localizedwith communities where the recognition and treatment of affective
disorders is high and therefore it has at times proved difficult to study drug-naive
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patients, thus limiting some of the conclusions that can be drawn about the neuro-
chemical and metabolic changes underlying the conditions.

This chapter will describe the state of play for a number of themes that have
emerged from these studies. The themes that have emerged are neurochemical and
related to functional anatomy (brain circuits).Themajor themes are changes in dopa-
minergic and serotonergic systems, abnormal resting brain metabolism, abnormal
brain activation, metabolic predictors of response to treatment, changes in metabo-
lism related to treatment and changes in receptor density following treatment.While
nuclear medicine techniques have been essential in developing the methodology
related to brain activation, functionalMRI is largely supplanting them in this arena.
However, nuclear medicine techniques are still essential in the measure of receptor
binding, transporter density, enzyme concentration, transmitter release and intracel-
lular messenger changes. In addition while magnetic resonance imaging techniques
are emerging that allow the measure of resting brain metabolism it is unlikely that
FDGPETwill be supplanted for such measures in the next three to four years.

InVivo Neurochemistry

Serotonergic System

The serotonergic system consists of very long neurons whose cell bodies are distrib-
uted in the median and dorsal raphe nuclei. These neurons project with fine or
medium size fibres to widespread locations throughout the brain. While their
precise function is still being researched, it is likely that changes in serotonergic
tone are important in the elaboration of affective, anxiety and social information.
More than 12 types of differentially distributed postsynaptic receptors have been
identified and serotonin release is controlled by presynaptic homo- and hetero-
receptors, by the activity of the synaptic serotonin transporters and by somatoden-
dritic receptors situated on cell bodies in the raphe. These act as ‘brakes’ on the
system so that their activation results in a decreased rate of firing. Serotonin (5-
HT: 5-hydroxytryptamine) in the brain is synthesized from tryptophan, an essen-
tial neutral amino acid, that is transported by a specific mechanism into the brain;
there are no stores of tryptophan in the brain and one of the synthetic steps is rate
limiting for the synthesis of 5-HT. Serotonergic dysfunction has been thought to be
implicated in depression since the 1970s, this notion being reinforced by the effec-
tiveness of medicines that selectively act on this system (selective serotonin reuptake
inhibitors (SSRIs) and 5-HT2 antagonists) in treating these disorders. There has,
however, been a relative dearth of good radioligands for this system and therefore
the number of relevant studies is still relatively small.

5-HT1A Receptors

5-HT1A receptors are locatedubiquitously in the cortex aswell as in the hippocampus,
raphe and, to a lesser extent, the basal ganglia. Increased transmission through these
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cortical postsynaptic receptors has been hypothesized to be important in antidepres-
sant and neurotrophic activity; this is especially so in the hippocampuswhere activity
at these sitesmay reverse the neurodegenerative effects of increasedcortisol commonly
seen in psychiatric conditions. As previously mentioned, however, increased activity
at somatodendritic receptors in the raphe is known to decrease the firing rate of sero-
tonergic neurons thus decreasing net trafficking at cortical and hippocampal
synapses; this mechanism is thought to be responsible for the time lag in response
seenwith antidepressants: it is thought that while each synaptic release is immediately
larger following the administration of SSRIs, the net cortical serotonergic release does
not increase until raphe 5-HT1A receptors desensitize or down-regulate thus ‘taking
the brake off ’ the system and allowing the rate of firing to increase.

5-HT1A Receptors Density in Depression and itsTreatment

5-HT1A receptors can be measured in man by using [11C]WAY100635 PET. Studies
using this compound have demonstrated that 5-HT1Abinding is globally reduced in
patients with unipolar and familial (bipolar or unipolar) depression (Drevets et al.,
1999; Sargent et al., 2000a) being more prominent (40%) in the raphe than in
temporal cortex (Drevets et al., 1999) and more pronounced in families who have
a bipolar phenotype. Further, treatment with SSRIs does not alter the reduced
binding (Sargent et al., 2000a) thus speaking to a trait or to a slowly changing
abnormality that is perhaps linked to neuronal or glial cellular structural deficits.
It is also possible that if both Bmax and Kd change in the same direction (as would
be predictedby studies in neurosurgical samples of depressedpatients (Francis et al.,
1993)), then a composite ratio measure such as binding potential would not detect
such a change.

5-HT1A Receptor Occupancy by ReceptorAntagonists

The notion that delays in response to antidepressants are related to the ‘brake’-like
action of increased activity at somatodendritic raphe 5-HT1A receptors has led a
number of researchersworldwide attempting toblock this receptor in order to either
speed up the response to antidepressants or to increase their efficacy. To this
end pindolol a noradrenegic beta blocker that also binds (as a partial agonist)
to 5-HT1A receptors has been used in a number of open label or placebo-controlled
studies in doses averaging15 mgdaily (on the basis of tolerability of this dose). Some
clinical studies reported desired effects but many did not, leading to questions about
the theory underpinning the studies. However, all studies were conducted without
assessing occupancy at 5-HT1A receptors and it is therefore possible that lack of
effect would be related to insufficient occupancy. Pharmacological theory predicts
that at least 60^80% occupancy needs to be achieved in order to have sufficient
blockade at a receptor with considerable receptor reserve.Two groups of researchers
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have thus addressed this issue by measuring pindolol occupancy at 5-HT1A recep-
tors.These experiments revealed that currently used pindolol doses are insufficient
to achieve the required degree of blockade (Martinez et al., 2001; Rabiner et al.,
2000). In additionboth groups revealed that pindolol occupancy at the raphe nuclei
was almost double than occupancy at cortical receptors andRabiner and colleagues
demonstrated that pure antagonists do not share this property. These results indi-
cated that the hypothesis of improving and speeding up antidepressant effects with
5-HT1A blockade in the raphe has not been adequately tested in clinical studies. In
addition, they have reopened debate on whether a pure antagonist would be effec-
tive in doing so, as any beneficial effects through raphe blockade will be
counterbalanced by equal blockade at one of the postsynaptic sites thought to be
important for antidepressant response.

5-HT2 Receptors

The notion that these receptors may be of interest in depression is supported by the
fact that 5-HT2 antagonists (nefazodone, trazodone and mirtazapine) are effective
antidepressants, although they all have other receptor or transporter binding prop-
erties that may explain their therapeutic action. In addition a number of studies
have reported increases in 5-HT2A binding in brains of patients who have
committed suicide (e.g. Mann et al., 1986).There are three PET ligands that have
been used to investigate 5-HT2 binding: setoperone, altanserin and ethyl-
spiperone; ketanserin has been used for SPECTstudies. All the ligands have signifi-
cant drawbacks in that the ratio of specific to nonspecific binding is so low that the
signal-to-noise ratio is poor; although [11C]MDL100902wouldbe an improvement
on the above as it is avery specific ligand for cortical 5-HT2A receptors, no studies in
depression have yet been published using it.

Studies using these ligands report either no difference (Meyer et al., 1999;
Meltzer et al., 1998) or a decrease (D’haenen et al., 1992; Biver et al., 1997; Attar
Levy et al., 1999; Yatham et al., 2000; Larisch et al., 2001) in 5-HT2 binding in
patients with depressionwith one study reporting an increase in 5-HT2 availability
after successful paroxetine (an SSRI) treatment (Zanardi et al., 2001), one showing
a decrease in 5-HT2 binding after desipramine (a noradrenaline reuptake inhibitor)
treatment (Yatham et al., 1999) and finally, one showing age6treatment interac-
tion in decreasing setoperone binding with paroxetine treatment (Meyer et al.,
2001a) Differences in these studies may be related to differences in clinical samples
and to the fact that all studies showing a decreased binding in specific brain regions
(frontal being the common one) employed patients who were on treatment or who
had come off treatment only two to three weeks previously. In addition all these
studies have used analytical methodologies that make assumptions about reference
areas in brain and therefore methodological issues may also cloud the reported
results.
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5-HTTransporter

The 5-HT presynaptic reuptake site is blocked by most of the effective antidepres-
sants and nuclear medicine studies have been employed to investigate the degree of
occupancy that is needed for pharmacological response, how occupancy relates to
plasma antidepressant levels andwhether transporter densities are altered in depres-
sive states, particularly in conjunctionwith transporter polymorphisms is thought to
be relevant to depression. However, again, the ligands used have poor signal-to-
noise ratios and it is likely that further understanding will come from the develop-
ment of better ligands. Cortical binding of beta-CIT (2-beta-carbomethoxy-3-beta-
(4-iodophenyl)-tropane) has been used for SPECTstudies and DASB (3-amino-4-
(2-dimethylaminomethyl-phenylsulfanyl)-benzonitrile) for PETstudies.

The feasibility of using beta-CIT SPECT for measuring SSRI occupancy was
first established by Pirker et al. (1995) in patients taking citalopram andTauscher
et al. (1999) confirmed in patients taking fluoxetine that at least 40% occupancy
was achieved in clinically relevant doses. Meyer et al. (2001c) using [11C]DASB
confirmed that up to 80% occupancy could be achieved with 20 mg of fluoxetine
or paroxetine and that paroxetine plasma concentrations of 28 ng/ml would
achieve this high figure.

Two studies, one in seasonal affective disorder (Willeit et al., 2000), have reported
decreased transporter binding potential in the raphe (Malison et al., 1998) and in
the thalamus (Willeit et al., 2000). However, there is no evidence for a link between
human in vivo transporter availability, measured by this method, and serotonin
transporter promoter gene polymorphism (Willeit et al., 2001). These studies will
need to be repeated in larger samples with more dependable ligands and methods;
however, they offer tantalizing data to construct a theory of serotonin transporter
involvement in depressive disorders. The field is also open to the study of the
developmental significance of transporter density as Dahlstrom et al. (2000) found
a correlationbetween increased transporter availability and anddepression score in
children and adolescents ^ a finding that will have to be extended as the absence of
a healthy control group means that it is unclear whether the finding represents an
increase in availability compared with healthy controls.

Serotonin Precursors

Tryptophan uptake can be measured using [11C]alpha-methyl tryptophan and
5-HTuptake by measuring [11C]5-HTuptake. The first has been reported to be
higher in males than females (Nishizawa et al., 1997).The latter has been reported
to be low in depression except for the medial prefrontal cortex where it may be
increased (Agren et al.,1992,1994).These results are of interest but their interpreta-
tion has to be cautious as differences in transport may not be linked to differences in
rates of synthesis (Shoaf et al., 2000).
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Dopaminergic System

The dopaminergic system is not thought to be primarily involved in depression.
However, a number of observations make it interesting for the study of this condi-
tion. One powerful antidepressant (buproprion) possibly acts primarily as a
dopamine reuptake inhibitor, depression is often associated with degenerative
diseases such as Parkinson’s that affect the dopaminergic system, psychomotor
retardation (a feature of depression in some patients) canbe reversed by the admin-
istration of L-dopa (dopamine precursor) and ECT (electroconvulsive therapy; still
considered to be the most powerful treatment in depression) alters dopamine turn-
over in the brain.The notion of excess release of dopamine in mania is stronger with
evidence of altered dopaminergic turnover and response to agents that block post-
synaptic dopaminergic activity such as antipsychotic D2 antagonists. These
observations have led to a number of imaging studies of dopaminergic binding in
the brain of depressed patients, partly facilitated by the ready availability of presy-
naptic and postsynaptic dopamine ligands. For this discussion the findings will be
divided between unipolar depression and bipolar affective disorder.

Unipolar Depression

Dopamine Precursors. [18F]dopa can be used to assess dopa transport into the brain.
Assuming that the transport is related to the subsequent utilization of dopa for the
synthesis of dopamine, two groups have found evidence for decreased dopamine
turnover in depression (Agren and Reibring, 1994; Martinot et al., 2001); the
groups used are small but, on the basis of careful selection of patients, authors
argue that these changes are related to psychomotor retardation and are not seen
in anxious depression.

Dopamine Release. Using amphetamine as a challenge agent, nuclear medicine
studies can be employed to indirectly measure the intrasynaptic release of dopa-
mine. The assumption is that decreases in postsynaptic radioligand binding
(IBZM for SPECTand raclopride for PET) observed after the administration of
the challenge agent are due to the large increases in intrasynaptic dopamine release
subsequent to the effects of amphetamine. Using this methodology and [123I]IBZM
SPECT, Parsey et al. (2001) demonstrated that patients with unipolar depression
were not significantly different from healthy controls in releasing dopamine after
amphetamine administration.This was despite the fact that in patients the admin-
istration of dopamine had a definite euphoriant effect. This observation of course,
does not necessarily imply normal dopaminergic function in depressionbut suggests
that the system’s responsivity is unaltered by the illness.

Dopamine D2 Binding. Higher [123I]IBZM binding in the striatum of patients with
depression has been reported by two groups, bilaterally (D’haenen and Bossuyt,
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1994) and on the right (Shah y et al., 1997).The implication of these studies if repli-
cated, is that depression is accompanied by a decrease in intrasynaptic dopamine or
by an up-regulation of postsynaptic D2 receptors. One other study found similar
changes but only in patients with psychomotor retardation (Ebert et al., 1996)
while three other studies have not confirmed a baseline difference in binding
(Ebert et al., 1994; Klimke et al., 1999; Parsey et al., 2001).The notion of decrease
in dopaminergic transmission at baseline is attractive, especially in patients with
psychomotor retardation, but larger and better controlled studies are needed to
resolve this issue, as the weight of evidence is at present equivocal.Treatment studies
cannot help us here as sleep deprivation (Ebert et al., 1994) and amitriptyline
response are associated with decreased IBZM binding (speaking to an increase in
dopaminergic function or down-regulation) while larger studies with paroxetine or
fluoxetine responders (Klimke et al., 1999) have indicated an increase in IBZM
binding (speaking to upregulation or decreased dopaminergic function).The inter-
pretation of these results is complicated by the finding that raclopride binding was
shown to be decreased in healthy volunteers on prolonged citalopram (an SSRI)
treatment (Tiihonen et al., 1996).

DopamineTransporter.The availability of the dopamine transporter inmajor depression
has been described as increased by early beta-CIT SPECT studies carried out in
Finland (Laasonen-Balk, 1999); however, a Canadian PETstudy utilizing RTI-32
(Meyer et al., 2002) describes a decrease in binding. Interestingly both groups come
to the same conclusion: synaptic dopamine is decreased in depression.The Canadian
group argues that patients with lowest binding potential performedbest in neuropsy-
chological tests of dopaminergic function and that therefore this should be seen as a
compensatory down-regulation that would allowmaintenance of function in the face
of decreased transmission.There is, however, no clear reason for which the two results
should produce diametrically opposite imaging finding, except for the fact that the
influence of differences in methodology is still not well understood.

In seasonal affective disorder Neumeister et al. (2001) also reported a decrease in
striatal [123I]beta-CIT binding and again argued that the results indicate an adap-
tive response to decreased dopaminergic efflux. Clearly better designed studies will
be required to resolve these discrepancies.

FinallyMeyer et al. (2002) reported that bupropion is an effective antidepressant
at doses that occupy less than 20% of the transporter, thus questioning whether
dopamine reuptake site inhibition is indeed themechanismby which this drug exer-
cises its antidepressant effects.

BipolarAffective Disorder

Dopamine Precursors and Release. [18F]dopa uptake was not different in a carefully
conducted study of non-psychotic mood stabilizer naive manic patients compared
with controls (Yatham et al., 2002b) and Anand et al. (2000) demonstrated that
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changes in [123I]IBZM binding induced by amphetamine were not significantly
different between euthymic patients with bipolar affective disorders and controls
despite the fact that patients experienced greater behavioural activation in response
to the challenge.

Dopamine D2 Binding.Three studies using [123I]IBZM SPECT (Anand et al., 2000),
[11C]n-methyl-spiperone PET (Wong et al., 1985) and [11C] raclopride PET
(Yatham et al., 2002a) have demonstrated that there is no significant difference in
striatal D2 receptor binding in patients who have non-psychotic bipolar affective
disorder even if they are in the active manic phase of their illness. Pearlson et al.
(1995) found some increase in D2 binding in patients with mania; however, many
of these had psychotic symptoms at the time of the experiment and thus may repre-
sent the effects of psychosis rather than mania.

Dopamine D1 Binding. Suhara et al. (1992) used [11C]SCH23390 to determine D1
dopamine receptor density in 10 patients with bipolar affective disorder in different
phases of illness. 9/10 had frontal cortex binding potentials that were below the
control values.This may speak to a trait abnormality; however, the cortical signal
for this ligand is quite small and we will have to await the development of ligands
with improved signal for cortical regions before confirming this finding.

VesicularTransporter.Monoamines are stored presynaptically in vesicles. After synth-
esis or synaptic reuptake the molecules are transported into these vesicles by a
specific transporter (VMAT2). This process can be measured by PET using
[11C]DTBZ (dihydrotetrabenazine); Zubieta and colleagues (2000) demonstrated
in 16 euthymic bipolar patients that there is no difference in basal ganglia vesicular
transporter density between patients with bipolar affective disorder and controls.

Effects ofTreatment on PrecursorTransport and Postsynaptic Binding

Yathamet al. (2002b) demonstrated that although [18F]dopa transport is decreased
following treatment with a mood stabilizer (sodium valproate) this effect does not
translate into a reduction of postsynaptic raclopride binding. These findings put
together have two possible conclusions: no conclusion on turnover can be made by
studying dopa transport into the brain or D2 receptors down-regulate with
successful mood stabilizer treatment. Appropriate experiments will have to be
designed to test the second hypothesis since the first cannot be adequately falsified.

Noradrenergic Function

No adequate radioligands exist that allow the study of noradrenergic receptors and
transporters in the brain. This is an area for obvious expansion since noradrenergic
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function is altered indepressionand some effective antidepressants alter noradrenergic
function primarily (reboxetine, mirtazapine, desipramine, nortriptyline).Melichar et
al. (2001) using heart binding demonstrated that venlafaxine does not significantly
bind to noradrenergic transporters in vivo in man until doses larger than1 mg/kg are
achieved.This is in keeping with preclinical data but the clinical significance of this
finding will have to be confirmed by appropriate brain studies in the future.

Neurokinin Receptors

The possibility that neurokinin-1 antagonists were antidepressant opened a new
field of investigation.While antagonists at these receptors are not now thought to
be likely to be effective antidepressants, adequate radioligands have been devel-
oped in two or three PETcentres worldwide. The release of information related
to their use has been slow. [18F]SPA-RQ (Hargreaves, 2002) has been identified
as one of the promising ligands and the result of appropriate binding studies is
awaited.

GABA

GABA is the most common inhibitory neurotransmitter in the brain and although
abnormalities in its concentration and function have been investigated with other
imaging modalities, there have been no nuclear medicine studies in affective disor-
ders except for a recent report indicating a possible increase in iomazenil SPECT
binding after ECT in five Finnish patients (Mervaala et al., 2001).

Brain Circuits of Depression

There have been many studies of resting metabolism (FDG PET, water PET,
HMPAO SPECT) and brain activation (water PET, HMPAO SPECT) in both
unipolar and bipolar affective disorders. No unifying pattern of dysfunction has
emerged. The reasons for this are multiple: inhomogeneity of study populations
used including factors such as recurrence, family history, previous treatments and
anatomical brain abnormalities, differences in scanning methodology and analysis,
weaknesses in overall study design. This may seem rather dispiriting, given the
amount of resource employed. However, despite important differences a number of
convergent themes are emerging.These point to the fact that particular areas of the
brain seemtobe intrinsically involved in affective circuits even though the polarity of
metabolism or activation can be discordant in different studies.These areas seem to
be involved in ‘healthy’mood induction as well as pathological states, treatment on
thewhole leads to‘normalization’of abnormalpatterns andareas affectedare conver-
gent even between such disparate therapies as interpersonal psychotherapy and
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neurosurgery. Since this field of investigation will be mainly advanced through the
use of magnetic resonance techniques (and many studies using this technology have
alreadybeenpublished) this section does not aimto fully reviewall the 50 or somajor
studies that have been published but will only indicate the important advances.

Important notions that have emerged from nuclear medicine studies of brain
metabolism and activation in affective disorder include:

(1) Abnormal function of limbic and paralimbic structures are common in patients
with affective disorders: these include most commonly the orbito-frontal
cortex, the anterior cingulate and the amygdala. These abnormalities are
often reversed by successful treatment.

(2) Induction of mood changes is accompanied by changes in brain metabolism in
the above limbic and para-limbic structures.

(3) There are symptom-based similarities in brain dysfunction across different
diagnoses; for instance decreases in dorsolateral prefrontal activity are seen
both in schizophrenia and in depression with the similar symptoms of psycho-
motor retardation or poverty.

(4) Most studies report cortical under-perfusion or decreases in restingmetabolism
in cortices during pathological depression and induction of dysphoric mood.

(5) Areas activated by induction of mood changes by pharmacological means have
considerable overlap with areas affected by psychological mood induction

(6) Networks activated by specific tasks are different between depressed patients
and healthy controls evenwhen differences in performance are not significant.

(7) Impaired episodic memory is associated with medial temporal lobe abnormal-
ities.

Investigations that have generated the above statements will now be discussed
grouping themby paradigm.

Mood Induction in HealthyVolunteers

Variousmethods have been used to induce emotion, including recalling autobiogra-
phical memories, seeing or imagining emotive events, lack of reward, attempts to
solve insoluble problems, autobiographical scripts, listening to speeded-up or
slowed-down music, presenting standardized facial expressions or administering
mood-altering drugs.

George et al. (1995) and Ketter et al. (1996) working with the same group of
investigators used sad event recall and the injection of the local anaesthetic procaine
to provoke dysphoria in healthy volunteers; they observed activations in anterior
paralimbic areas with considerable overlap in activations between the studies.
Mayberg et al. (1999) also described increases in paralimbic perfusion and
decreases in cortical perfusion that were associated with induction of sadness in
healthy volunteers. Elliot et al. (1997) described activations in caudate and ventral
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orbito-frontal cortex by negative performance feedback in healthy volunteers and
observed that patients with depression did not activate the same areas when faced
with the same paradigm.This is in contrast to increases in amygdala perfusion and
decreases in hippocampus that were found by Schneider et al. (1996) during
dysphoria associated with attempting to solve unsolvable anagrams. It also taps
into a different system than Baker et al. (1997) who observed reduced activation in
orbito-frontal and dorsal anterior cingulate during a verbal fluency task after
inducing sad mood by playing slowed-down music.

BaselineAbnormalities in Depression

Themost consistent finding in resting studies of depressedpatients hasbeen a reduc-
tion in dorso-lateral prefrontal and dorsal cingulate signal and an increase in
anterior paralimbic structures such as the orbito-frontal cortex, the subgenual
cingulate and the amygdala. Some studies also describe changes in basal ganglia
metabolism thus implicating fronto-thalamic basal ganglia circuits in the genesis
of the disorders; temporal and parietal changes are often also described (Buchs-
baum et al., 1986; Post et al., 1987; Schwartz et al., 1987; Baxter et al., 1989;
Schlegel et al., 1989; Martinot et al., 1990b; Austin et al., 1992; Bench et al., 1992;
Drevets et al., 1992b; Biver et al., 1994; Mayberg et al., 2000; Dunn et al., 2002;
Kimbrell et al., 2002). Of particular note are the notions that there is an inverse
relationship between limbic overactivity and cortical underactivity (Mayberg,
1997), that particular symptom clusters rather than syndromes are associated with
specific brain patterns (Bench et al., 1992; Mayberg et al., 2002) and that an over-
active amygdala is part of the system driving the orbito-frontal cortex in patients
with severe primary familial depression (Drevets et al., 1992b). A lot of debate has
centred around the role of the differential role of the dorsal and pregenual anterior
cingulate between cognitive and emotional circuits ^ this will carry on being an
area of focused investigation. Other observations of changes in activation include
decreased emotional word activations in ventral cingulate, pulvinar and inferior
frontal gyrus, increased ACC activity with sad stimuli and increased orbitofrontal
activity with sad distractors.

Other data of interest relates to symptomprovocationwith tryptophan depletion
studies where increasing levels of depression after tryptophan depletion were asso-
ciated with diminished neural activity in the ventral anterior cingulate, orbito-
frontal cortex and caudate nucleus regions. In addition, depressive relapse attenu-
ated cognitive task-related activation in the anterior cingulate cortex (Smith et al.,
1999). Neural activity in several 5-HT-related brain areas, e.g., dorsal raphe, habe-
nula, septal region, amygdala, and orbito-frontal cortex, covaried significantly
with plasma levels of tryptophan and ratings of depressed mood. Task-specific
responses in left amygdala and left anterior cingulate were attenuated by trypto-
phan depletion.
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Finally de Asis et al. (2001) have demonstrated that patients with depression
who have memory deficits also show lowered hippocampal activity at rest and on
activation.

Treatment Studies

The major finding from treatment effects on brain metabolism is that the major
changes in metabolism tend to occur in structures germane to affect evaluation
and that, on the whole, basal abnormalities are reversed. So for instance Mayberg
et al. (2002) found that both placebo and fluoxetine responders (identified in a
previous studies to differ from non-responders in the polarity of their resting preg-
enual cingulate metabolism (Mayberg et al., 1997)) show increases in prefrontal,
anterior and posterior cingulate, frontal and parietal metabolism and decreases in
subgenual cingulate, parahippocampus and thalamus. These changes result in
patients’ brain metabolic maps reverting to ‘healthy’ patterns. In addition there is
the possibility of the initial pattern of activationbeing related to eventual treatment
outcome: Davidson et al. (2003) showed that greater anterior cingulate activation
with emotional stimuli at baseline predicts better treatment response with venla-
faxine at eight weeks.

The notion of reverting to healthy metabolic patterns is also evident in studies
that start with differing baselines. For instance Drevets et al. (2002) describe
normalization of increased left amygdala metabolismwith mood stabilizers. Brody
et al. (2001) report decreases in ventral frontal lobe metabolism with successful
treatment of 24 patients with unipolar depressionwith either psychotherapy or anti-
depressants. In this sample covarying specific symptom clusters with changes in
metabolism shows an association between decreases in anterior ventral cingulate
and anterior insula activity and an improvement in anxiety symptoms, while
improvements in psychomotor retardation and cognitive symptoms were associated
with increases in dorsal cingulate and dorso-lateral prefrontal activity respectively.
Similarly Kennedy and colleagues (2001), reporting on13 male patients before and
after paroxetine treatment, noted increased metabolism in all aspects of the frontal
and parietal cortex and in the dorsal anterior cingulate but reductions in pregenual
anterior cingulate, bilateral insulae and right hippocampus.

While somewhat similar patterns can be seen in other treatments for depression
such as buproprion (Nofzinger et al., 2001), sleep deprivation (Volk et al., 1997;
Smith et al., 1999) mood stabilizers (Ketter et al., 1999) and neurosurgery (Malizia
et al., 1994), electroconvulsive therapy produces a pattern of change that is counter-
intuitive since further cortical decreases are seenafter treatment.Thismaybebecause
the effects of generalized seizures override any subtler change in relative metabolism
as all ECTstudies (Rosenberg et al.,1988; Scott et al.,1993; Nobler et al.,1994;Henry
et al., 2001; Nobler et al., 2001) that find a change associatedwith treatment describe
decreases in various parts of the brain including the dorsal frontal cortex where most

272 ____________________________________________________________________________________ A. L. MALIZIA



other treatments result in an increase in perfusion. Cognitive-behaviour therapy, if
successful, may, however, operate through different mechanisms.

Specific treatment effects have also been seen in terms of changes in brain respon-
sivity to particular stimuli. Sheline et al. (2001) demonstrated that the
hyperreactivity to emotional faces seen in patients with depression is reversed by
successful treatment with the SSRI sertraline.

Conclusion: Affective Disorders

Neuroimaging techniques have proved invaluable in the investigation of affective
disorders. Despite the apparent discrepancies in the current literature, patterns are
emerging from which theories can be formulated and tested. At a rather general
level, the data, now permeating into popular culture, has supported the notion
that psychiatric disorders are associated with changes in neurochemical function
and distributed processing. It can be argued that imaging allows the investigation
of the effects of both nature and nurture on brain function and that therefore it is
essential to carry it out if we want to understand how genetic predisposition inter-
acts with environmental factors and experiences to produce brain changes that are
related to symptom experience.

Two main areas of investigation have been pertinent. Brain metabolism and
circuitry were initially explored using nuclear medicine techniques that have been
very productive; much of this workwill, however, be carried onwithmagnetic reso-
nance techniques. Nuclear medicine will, however, carry on being very important
for the area of chemical and pharmacological investigation. Many of the advances
in this have come from improvements in radiosynthesis and scanners. However,
current progress is mostly impeded by the relative lack of useful radioligands that
adequately describe the systems that we wish to investigate and to a lesser extent by
the lack of standardization of robust protocols that would then allow comparisons
between centres to bemore transparent. In particular, attentionwill have to be paid
not only to imaging methodology (including the environment of the scanner) but
also to patient selection according to strict phenotypes or genotypes. All these
problems will have to be grappled with if progress is to be maintained. This will
require collaboration between academia, industry and health services as all possess
information and skills that the others do not.

OVERALL CONCLUSION

Brain imaging is providing us with a variety of leads that would not be available
from animal studies. Further, ideas generated from animal studies can be tested
and extended with human brain imaging.The latter is starting to produce hypoth-
eses that can be also further extended by appropriate preclinical studies. In this
sense, one of the most exciting consequences of these techniques is to reaffirm a
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loop whereby human and animal experimentation inform each other, thus
extending our knowledge.

A reviewof the current literature canbe dauntingbecause of the disparity of tech-
niques used and the seemingly contrasting results that are generated.These effects,
however, can be found with all other technologies employed to investigate human
brain disorders and therefore we should be neither surprised nor disappointed.
Replication and time will help in sorting out robust findings from artefacts.
However, the serious student needs to invest time in understanding the technology
and themethodology for this will help her greatly in formulating an early opinion of
the validity of the findings.
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_______________________ 10
TheTreatment of Depression

Anthony S. Hale
University of Kent, Canterbury, UK

This chapter aims to cover commonly used treatments for unipolar depressive
episodes and for the depressive phase of bipolar affective disorder.

UNIPOLAR DEPRESSION

The treatment of depression has changed fundamentally in recent years. In many
countries, the first-line treatment of depression utilizes talking therapies, with anti-
depressant medication offered as a second-line treatment.This has been understood
as in part reflecting a generally held lay belief in the causation of depression by
trauma and circumstance, and in part because of reluctance to use antidepressant
drugs because of their toxicity in overdose and side-effect profile.

In the UK, an opinion poll was conducted at the beginning and end of a five-year
public education campaign. Interviewing the public, including recovered depres-
sives and their relatives, it asked what treatments people would feel they might
want if they were ever to become depressed again (Priest et al., 1996; Paykel et al.,
1998). Over 90% of people in both surveys were clear that they would not want
antidepressant drugs at all, but would prefer talking therapy. Only 17% of people
thought drugs were ever indicated and most believed they would benefit most from
counselling.The reasons given for this included the side effects of the drugs; the idea
that drug therapy was second best and a cheap substitute for ‘proper’ talking
therapy which would somehow cure rather than suppress symptoms; a belief in the
addictive potential of antidepressants (78% said so explicitly); and non-acceptance
of the medical model of depression and its treatment. Less than half of the sample
believed that antidepressants would work at all.

The range of antidepressant drugs available has expanded greatly since the1970s,
when only older tricyclic antidepressants (TCAs) and monoamine oxidase
inhibitors (MAOIs) were available. More adrenergically selective tricyclic anti-
depressants were developed such as lofepramine, desipramine and nortriptyline.
These drugs offered an improved side-effect profile, primarily through having
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fewer anticholinergic side effects. Mianserin offered an improved toxicity profile,
allowing outpatient treatment without the risks of overdose, but there were some
doubts about efficacy at the doses commonly used.The1980s saw a revolution with
the introduction of the selective serotonin reuptake inhibitors (SSRIs), the first
‘designer’antidepressants.These were hugely successful because of much improved
side-effect profiles and simple dosing regimes, overcoming previous widespread
reluctance to prescribe effective doses. This produced a backlash from the
psychotherapy lobby, who saw their livelihood under threat from acceptable and
effective drug treatments (Kramer, 1993; Breggin, 1991). The 1990s saw further
expansion of the range of antidepressants available, with the launch of a more
selective MAOI, moclobemide; of a dual serotonin and noradrenaline selective
reuptake inhibitor (venlafaxine); of an SSRI with additional serotonin antagonist
properties (nefazadone); of a mixed presynaptic alpha-2 and serotonin antagonist
(mirtazepine); and of an even more selective noradrenaline reuptake inhibitor
(reboxetine). All these drugs were antidepressants with efficacy comparable to the
olderTCAs, but with different side-effect and toxicity profiles (Mason et al., 2000;
Nelson, 1997) conferred by their binding and reuptake profiles (Hale, 1997).
However, despite these advances, side effects remain, albeit somewhat different,
and proof of the better public acceptance of these newer drugs remains somewhat
elusive.

The acceptability of antidepressants as first-line treatment depends on the alter-
native treatments on offer. Whether such alternatives are effective and hence are
valid choices depends on the type and severity of depression. There has been a
growing understanding of the differential response of different subpopulations of
depressives to treatments. At the milder end of depression common in primary
care, the olderTCAs were no more effective than placebo (Paykel et al., 1987 et al:
Stewart et al., 1992a). However, this was at variance with a belief in primary care
that these drugs were effective, but at smaller doses than that which psychiatrists
considered the minimum effective dose, 125^150mg of TCAs (Quitkin, 1985;
Bridges, 1983). This suggested that, with less severe depression, the side effects
might be less tolerable than the underlying depression, leading to poor concordance
with treatment.There are some suggestions that the SSRIs may be effective even in
less severe depression (Dunlop et al., 1990; Pande and Sayler, 1993), perhaps
because of improved tolerability and hence improved adherence.

A recentmeta-analysis of the treatment of depression in primary care (Mulrowet
al., 2000), however, found comparable response rates for SSRIs andTCAs (63% vs
60%) compared with 35% for placebo. The response rate for milder depression
may, as in major depression, depend on the subtype of depression. In atypical
depressive patients with low initial Hamilton Depression Rating Scale (HDRS)
scores, Stewart et al. (1992b) showed response to phenelzine in 83% of cases, whilst
60% responded to imipramine and 33% to placebo. In patients with medium and
high HDRS scores, the ratio of responders was similar across treatment groups, but
the absolute percentages lower. Among the 140 patients who had low pretreatment
HDRS scores,19% of those patients given placebo, 25% of those given imipramine,
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and 34%of those given phenelzine, responded to treatment. Each of the antidepres-
sants was superior to placebo. Similar findings applied to the patients with medium
and high HDRS, except that the rates of placebo response were lower (29% and
10%, respectively).

Many primary care patients presenting with ‘depression’ may not suffer with
major depressive disorder as defined by DSM-IV. Formore severemajor depression,
there is evidence for counselling being ineffective (King et al., 1994; Friedli et al.,
1997; Harvey et al.,1998). For less severemajor and non-major depression, primary
care talking therapies such as counselling may be effective treatment. A recent
primary care study randomized patients with major depression to antidepressants
or counselling, with additional non-randomized arms allowing patient preference
(Chilvers et al., 2001). Generic counselling and antidepressants were reported as
equally effective at 12 months, but the antidepressants were 50% faster in onset of
action (two vs. three months). The authors noted that patients preferring counsel-
ling were less severely depressed than the randomized patients or those preferring
antidepressants. Whether or not patients chose, or were randomized to, anti-
depressants made no difference to outcome, but patients who chose counselling did
better than those randomized to it.While therewas apparently no difference in final
depression severity (Beck) score between the randomized groups, of patients
assessed at one year, significantly more (53%) of patients in the counselling group
still fulfilled RDC criteria for current major depression compared with 19% in the
antidepressant group (p¼ 0.07).Whether this represented a lower rate of complete
remission or a higher relapse rate is unclear. This study casts doubt on the
completeness of recovery when primary care depression is treated with counselling.

Treatment Guidelines for Unipolar Depression

Avariety of treatment guidelines and treatment algorithms have been produced for
depression, such as the American Psychiatric Association Guidelines (American
Psychiatric Association, 2000), Canadian Guidelines (Kennedy et al., 2001) and
British Association of Psychopharmacology Guidelines (Anderson et al., 2000).
They all offer similar advice. Antidepressants are seen as the first-line treatment
for major depression, irrespective of environmental factors, but with benefit uncer-
tain at the mildest severity, in keeping with the findings described above.
Depression-specific psychological treatments are seen as an alternative for mild to
moderate depression but not for more severe depression, where they are clearly
inferior to antidepressants. Combined pharmacological/depression-specific
psychological treatment is not considered first-line treatment (because of limited
availability) but may be considered for more severely ill patients or partial
responders. For milder depression, antidepressants are not generally advocated
immediately, but education, support and simple problem solvingare recommended,
with monitoring for persistence or development of major depression, when a trial of
antidepressants is suggested. For patients requesting alternative treatment, StJohn’s

THE TREATMENT OF DEPRESSION ________________________________________________________ 295



wort, bibliotherapy and exercise are suggested. Guidelines include advice on
different treatments indicated for subtypes of depression. NICE (2004) have
recently reviewed guidelines and performed new meta-analyses of all treatments
for major depression and its subtypes, at differing levels of severity. For initial
presentation in primary care, they recommend a strategy of ‘watchful waiting’
followed by counselling, to account for the difficulty in differentiating a depressive
episode from an acute situational disturbance in that setting.

Major Depressive Subtypes

The rest of this chapter will describe treatment for major depressive episodes or
for the depressive phase of bipolar illness. However, there is some evidence for
differential responses to various treatments in different subtypes of depression.

MelancholicMajor Depression

For the melancholic subtype of major depression, adequate doses of TCAs and
SSRIs (Roose et al.,1994; Perry,1996), venlafaxine (Benkert et al.,1996), and nefa-
zodone (Feighner et al., 1998), together with electroconvulsive therapy (ECT)
(Peselow et al., 1992), are strongly supported by available evidence. Parker et al.
(1999, 2001) provide support for doubts that the SSRIs are as effective as older
drugs in melancholics.

Psychotic Depression

The prevalence of psychotic depression has been shown to be 0.4% (95% CI
0.35^0.54%), and the prevalence of a current major depressive episode without
psychotic features was 2.0% (95% CI¼1.9^2.1%), with higher rates of psychosis
inwomen than in men (Ohayon and Schatzberg, 2002). In all,18.5% of the subjects
who fulfilled the criteria for a major depressive episode had psychotic features.
Treatment strategies for psychotic depression are reviewed byWheelerVega et al.
(2000) andRothschild (2003).These include: (1) combined antidepressant andanti-
psychotic therapy withTCAs and typical antipsychotic; (2) ECT; (3) amoxapine;
(4) SSRIs, alone and in combination; (5) several atypical antipsychotics, alone and
in combination; (6) mood stabilizers and anticonvulsants.The evidence base is not
robust, but ECTorTCA/SSRI antidepressants with an antipsychotic are indicated
(Spiker et al., 1985; Parker et al., 1992; Rothschild et al., 1996). A meta-analysis by
NICE (2004) has shown a trend in favour of better outcome for antidepressant/anti-
psychotic combinations compared to antidepressants alone, but this is only
significant for amitriptyline^perphenizine on mean change endpoint analysis
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(�0.69 CI �1.38 to �0.01) and not significant for other combinations, while there
were no differences in remission status.

Rothschild and Duval (2003) show that withdrawal of the antipsychotic after
four months leads to relapse and it is necessary to continue with both drugs. It is
unclear for how long this is necessary but current recommendations suggest a
minimum of one year, based on Aronson et al. (1988). Psychotic depression had
only a 30% to 40% response rate to TCAs in several trials but may have a 70%
response rate to the tetracyclic amoxapine (Anton and Sexauer, 1983). However, its
metabolite is a neuroleptic that may cause tardive dyskinesia. The growing use of
both SSRIs and atypical antipsychotics has led to a growing popularity of their use
in combination for this indication, with some preliminary supportive evidence both
for clozapine (Ranjan and Meltzer, 1996) and other atypical antipsychotics
(Rothschild et al.,1999;Miodownik andLerner, 2000). Shelton et al. (2001) reports
a marked antidepressant response in patients with treatment-refractory non-
psychotic unipolar depression treated with an olanzapine and fluoxetine com-
bination (OFC). Corya et al. (2003) demonstrates a sustained improvement in a
73-week open label study of 560 treatment-resistant major depressives. Given the
efficacy demonstrated in these two studies, it is likely that OFC will be widely used
in psychotic depression.The use of glucocorticoid antagonists have been studied in
depression due to the elevated glucocorticoid activity in depression. Mifepristone
has recently been shown to reduce the psychotic sysmptoms of psychotic depression
in a double-blind RCTusing 600-mg daily versus placebo (Schatzberg et al., 2004).
It produced a 30% improvement in total score and a 50% improvement in positive
psychotic symptoms on the BPRS.

Atypical Depression

For atypical depression, phenelzine and imipramine (Liebowitz et al., 1988), and
perhaps some SSRIs (Pande et al., 1996; Stratta et al., 1991) and moclobemide
(Lonnqvist et al., 1994; Tiller et al., 1989; Sogaard et al., 1999) have an evidence
base. The use of the older MAOIs as a first-line treatment is limited by dietary
restrictions.

Depression with Predominant Anxiety

For this subtype, most modern antidepressants are indicated but TCAs are poorly
tolerated (Stahl,1993; Prescorn and Fast, 1993; Ravindran et al., 1997).

Seasonal Affective Disorder (SAD)

Light therapy, SSRIs and perhaps moclobemide or L-tryptophan, are advised for
seasonal affective disorder (Lam et al., 1995; Eastman et al., 1998).
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Dysthymia

Thase et al. (1996) compared sertraline, imipramine andplacebo in dysthymia and
showed similar responder and remission rates for both active treatments. In female
patients, sertraline was more effective than imipramine. Vanelle et al. (1997)
compared fluoxetine 20mg and placebo in dysthymia, re-randomizing fluoxetine
non-responders to either 20 or 40mg fluoxetine. Fluoxetine produced significantly
more remission, and fluoxetine patients stayed well during a six-month follow-up.
Significantly more initial non-responders responded when the dose of fluoxetine
was increased to 40mg compared with those who remained on 20mg daily.
Lecrubier et al. (1997) showed dysthymic patients to respond to both imipramine
and amisulpride significantly more often than placebo. Dunner et al. (1996)
compared CBT and fluoxetine in treatment of dysthymia. They found CBT the
‘more desired treatment’ (more patients accepted randomization), but no difference
in efficacy. Ravindran et al. (1999) compared the efficacy of sertraline and group
CBT, alone and in combination, in a placebo controlled double-blind study of
dysthymia. Sertraline but not group CBT was significantly more effective than
placebo at reducing depression scores. CBTwas able to augment the improvement
in functional impairment produced by sertraline, but was not effective when
combined with placebo.

Complicated Bereavement

This subtype should be treated as major depression after two months of support,
with hypnotics if needed, if there are after that time persistent features of guilt,
preoccupation, worthlessness, suicidal thoughts (Zisook and Shuchter 1993;
Rosenzweig et al., 1996).

Adjustment Disorder

This subtype should be treated with support and, if needed, symptomatic relief
(Uhlenhuth et al.,1999) althoughJones et al. (1999) found it difficult to differentiate
from other non-major depression in terms of treatment response.

Minor Depression

The evidence base suggests that, for minor depression, in the absence of transition to
major depression, the role of pharmacotherapy is unclear (Stewart et al., 1992b),
although antidepressant repose is seen more often and is more persistent than with
dysthymia (Oxman et al., 2001). Where severity is less than 13 on a 17-item
Hamilton Depression Rating Scale, there is little evidence of any antidepressant
being superior to placebo.
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Mixed Anxiety and Depression

All antidepressants alleviate symptoms but there are few adequate studies. Rausch
et al. (2001) have suggested that the therapeutic effect of SSRI treatment can be
linked to the magnitude and time-course of 5-HT transport inhibition effected
with fluvoxamine, a drug that seems to have an anti-anxiety effect of the same
magnitude as its effect on depression. Effective treatments might thus include
SSRIs and venlafaxine (Perugi et al., 2002).

Brief Recurrent Depression

There is no useful evidence base on the treatment and the benefits of SSRIs
(Stamenkovic et al., 2001) and mirtazepine (Stamenkovic et al., 1998) remain
unproven. The former study suggests that fluoxetine may decrease the frequency
but not the duration or severity of depressive episodes. There is some anecdotal
evidence for benefit with lithium (Corominas et al., 1998).

Premenstrual Dysphoric Disorder

SSRIs and venlafaxine may be more useful in depression associated with this
disorder than TCAs (Yonkers, 1997; Freeman et al., 1999, 2001). There is some
evidence that SSRIs given only during the luteal phasemaybe as effective as contin-
uous treatment (Halbreich and Smoller, 1997). Pearlstein (2002) reviews 12 RCTs
and finds that fluoxetine, sertraline, paroxetine and citalopram have reported posi-
tive efficacy, with less clear results for fluvoxamine. Drugs which enhance serotonin
seem to improve premenstrual irritability and dysphoria rapidly, suggesting a
different mechanism of action than in the treatment of depression.

Primary Care Depressive Subtypes

Recent epidemiological work on primary care depression (Tylee et al., 1999)
suggests subtypes which have only partial overlap with subtypes recognized in
psychiatry. The significance of these newly proposed primary care subtypes for
treatment response remains to be investigated.

Response versus Remission

There has been much debate over recent years concerning the nature of a clinically
meaningful change with antidepressant treatment. Historically, efficacy has been
assessed by comparison of mean change from a baseline severity score compared
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between treatment groups.More recently, emphasis hasbeenplaced on the achieve-
ment of response to treatment, usually defined as a 50% reduction in baseline score
on the scale used. Patients starting treatment with a high baseline score may be
‘responders’ but still have a significant symptom load ^ for example, a 50% reduc-
tion from the maximum score on the Hamilton Depression Rating Scale (HDRS)
of 56will still score 28, in the severe depression range.More usually,‘responders’ in a
drug trial will have residual post-treatment scores of 8^12 points (Nierenberg and
Wright, 1999). What is full remission from depression? Thase et al. (2002) have
shown a relative lack of overlap between HDRS score distribution between healthy
controls and major depressives between scores of 6.5 and11.5. A generally accepted
cutoff point of47 on the17-itemHDRShas been developing, regardless of baseline
score (Fawcett and Barkin, 1997). This is associated with lower subsequent relapse
rate rather than higher cutoff points (Thase et al.,1992; Paykel et al.,1995). Fawcett
and Barkin show however, that only about 63% of patients treated with antidepres-
sants in clinical trials are even responders, and O’Reardon and Amsterdam (1998)
show that only one-third of treated patients achieve remission. Unremitted patients
have poorer social and physical functioning (Doraiswamy et al., 2001; Miller et al.,
1998).

Chronic Unipolar Depression

Chronic major depression is defined as persistent depressive symptoms for two or
more years, with protracted episodes or incomplete remission between episodes
(Rush and Trivedi, 1995). Chronic depressive cohorts are often confounded by
cases of dysthymia and of double depression. Scott et al. (1992) showed chronicity
tobe predictedby premorbid neuroticism andby the interval between onset and the
receipt of effective treatment. In theUSA 50^60% of chronically depressed patients
presenting for drug therapy have received only counselling or psychotherapy and
are significantly more likely to have received talking therapy than previous drug
treatment (Shelton et al., 1997).

Once present, chronic depression responds to the usual antidepressant treat-
ments, but slowly and with reduced efficacy (Keller et al., 1998a). Kocsis et al.
(1988) noted that antidepressant medication was moderately effective for many
chronic depressions (51% response rate despite high dose desipramine), which had
previously been untreated or undertreated, ‘presumably related to misdiagnosis’.
Maintenance treatment of successfully treated chronic depressives has also been
shown to be effective (Kocsis et al., 1996). Keller et al. (2000) show equivalent
efficacy for the antidepressant nefazodone and for CBT in the treatment of chronic
depression (response rates 55% and 52% respectively), but a significantly higher
response rate when the two treatments are combined (85%).

Trivedi and Kleiber (2001) describe an algorithm with progressive stages in the
treatment of chronic depression. Monotherapy with an SSRI, nefazodone,
bupropion sustained release, venlafaxine extended release, mirtazapine, or
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psychotherapy is followed in incomplete or non-respondersbycombination therapy,
electroconvulsive therapy, atypical antipsychotics, and novel treatments.

Concordance

Non-concordance (non-compliance or non-adherence in older literature) with
antidepressant treatment has been recognized since the early days of these drugs’
use (Blackwell, 1976; Johnson, 1986; Rashid, 1982) but is less well researched in
psychiatry than similar problems in schizophrenia. The terminology varies with
fashion in political correctness, some clinicians use the term adherence rather than
concordance, others concordance (Myers andMidence,1998).

Lingam and Scott (2002) performed a systematic review of the prevalence,
predictors and methods for improving medication adherence in unipolar and
bipolar affective disorders, between 1976 and 2001.They found estimates of medi-
cation non-adherence for unipolar andbipolar disorders which ranged from10% to
60% (median 40%), and commented that this had not changed since the introduc-
tion of SSRIs and other new medications. They confirm that attitudes and beliefs
are at least as important as side effects in predicting adherence. There are few
empirical studies of how to improve medication adherence in affective disorders,
compared with a much wider literature for schizophrenia, perhaps reflecting a
paucity of data on factors contributing to the problem in depression. Non-adherent
patients cost more to health care delivery organizations (Revicki et al., 1998). In
general, patients who do not regularly swallow their medication can be assumed to
have a worse prognosis, although this cannot be necessarily assumed in milder
depressive conditions in general practice (Thompson et al., 2000). Demonstrating
adherence rates with newly introduced treatments canbe difficult, both technically
and because discontinuation rates in randomised controlled trials (RCTs) do not
reflect the rates observed in naturalistic studies.

Simon et al. (1995) criticized conventional RCTs as not being adequate to reflect
effectiveness (as opposed to treatment efficacy) under ‘real world’ conditions, a
problemwas first noted by Schwartz and Lellouch in 1967 and expanded by others
(Sackett and Gent, 1979; Feinstein, 1983; Diamond and Denton, 1993). Simon and
colleagues suggested the use of ‘quasi-experimental designs’.

Simon et al. (1996) reported the results of one such study in depressed patients.
They studied a group of depressed patients from aHMO in Seattle. 65 000 patients,
predominantly from low-income groups, from a catchment population of 400 000
were studied, generating 536 treated patients considered suitable for treatment with
an antidepressant, whowerewilling to be randomized.Thismust nowbe seen as the
definitive study of concordance and direct costs of antidepressant treatment.
Prospectively identified primary care depressives registered with the HMO were
randomized to treatment with either imipramine, desipramine or fluoxetine and
then followed up naturalistically over a six-month period.

Non-concordance with desipramine and imipramine was significantly more
likely than with fluoxetine. 61% of patients on fluoxetine received at least 90 days’

THE TREATMENT OF DEPRESSION ________________________________________________________ 301



treatment at an adequate dose, compared to 49% on desipramine and 48% on
imipramine (both comparisons significant). An important finding, given the debate
started by Song et al. (1993), is the rate of treatment discontinuation because of side
effects. 9% discontinued on fluoxetine, 27% and 28% respectively on desipramine
and imipramine, a highly significant difference. Clinical outcomewas similar for all
groups, although this must be understood in the context of the patients being able to
switch treatment from that originally allocated ^ a significantly higher proportion
of patients switched from a tricyclic to fluoxetine than vice versa.

The results of longer-term follow-up (at 9, 12, 18 and 24 months) were more
difficult to interpret as patients intolerant of TCAs switched to the SSRI (Simon
et al., 1999).

Choice of Antidepressant

Although in general, all antidepressants are considered equally effective as first-line
treatment in major depression, individual differences in susceptibility to and ability
to tolerate side effects are sometimes marked. Choice of antidepressant is an art
guided by science. The BAP guidelines (Anderson et al., 2000) suggest matching
the drug with individual patient’s requirements, taking into account likely short-
term and long-term effects. In the absence of special factors, antidepressants should
be chosen that are better tolerated, safer in overdose and more likely to be
prescribed at effective doses. It suggests consideration be given to a history of
response to previously given drugs, both positive and adverse; the likely side-effect
profiles (e.g. sedation, weight gain); choice of low lethality drugs if there is a history
or likelihood of overdose; current physical illness, condition ormedication thatmay
interact with the antidepressant drug; associated psychiatric disorder that may
specifically respond to a particular class of antidepressant (e.g. obsessive-compul-
sive disorder and SSRIs); and patient preference. It states that SSRIs, lofepramine,
mirtazapine, nefazodone, reboxetine and venlafaxine are all relatively safe and
well-tolerated and advises that in situations where maximizing efficacy is of
overriding importance, an olderTCA or venlafaxine at a dose of 150mg or greater
in preference to an SSRI orMAOI should be considered.

Relative Efficacy of Antidepressants

Some 60^70% of patients withmajor depressive disorder respond to any given anti-
depressant, whether it be the older TCAs and MAOIs, or SSRIs or newer drugs
(Healy, 1997). Progress since the 1950s has largely been in the domains of safety
and tolerability, with no huge advances in efficacy, although the ability to safely
prescribe effective doses with confidence and expect reasonable concordance have
contributed to effectiveness. Although increased efficacy may be achieved with
augmentation with agents such as lithium or thyroxine, a single effective agent is
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desirable.There are suggestions that, rather than improved efficacy, the SSRIs are
less effective antidepressants in severe depression, compared toTCAs such as clomi-
pramine.The goal of selectivity was to remove the undesirable effects, particularly
of histaminic and muscarinic blockade. However, it was thought that mixed
reuptake inhibition at 5-HTand noradrenergic sites might retain the benefits of
the TCAs without the adverse effects. It was therefore hoped that drugs such as
venlafaxine might show improvements in responder rates beyond the 60^70%
barrier (Clerc et al., 1994).

Systematic reviews, using different methodologies, have examined differences in
efficacy between antidepressants and have reached differing conclusions. Geddes
et al. (2000) found statistical heterogeneity (systematic differences between studies)
in treatment effects estimated in different studies, but not significant benefit for any
one agent compared with others. Other systematic reviews have suggested that
SSRIs may be less effective thanTCAs, especially amitriptyline (Anderson, 1998,
2000), TCAs (in inpatients). Anderson suggests this may be related to the dual
mechanism of action of theTCAs, a suggestion lent support byThase et al. (2001a),
who show superior efficacy of venlafaxine compared to SSRIs. Smith et al. (2002)
performed a meta-analysis of 32 studies and showed a superior efficacy of
venlafaxine over all other antidepressants as a group and against SSRIs, but no
superiority over TCAs. NICE (2004) have examined differences between the
commonly used SSRIs andTCAs, MAOIs and dual-acting drugs such as mirtaza-
pine and venlafaxine (Table 10.1). They performed a meta-analysis of venlafaxine
against SSRI studies and have stratified by dose (75mg/day, 5150mg/day and
5150mg/day of venlafaxine).Venlafaxine was not superior to the SSRIs at any of
these doses for the three dose ranges, or overall, formean endpoint score. Analysis of
responders showed numerical inferiority for 75mg and numerical superiority at
5150mg venlafaxine, compared to SSRIs. For doses 5150mg/day of venlafaxine
responsewasmore likely withvenlafaxine (0.82CI 0.68^0.98). For studies reporting
remission, venlafaxine was superior at doses of 5150mg/day (0.92 CI 0.86^0.99)
but not at lower doses. In inpatients, presumed more severely ill, venlafaxine was
comparable in efficacy toTCAs (imipramine) with a trend towardsbetter tolerability.
Compared to SSRIs venlafaxinewasmarginallymore effective in inpatients (�0.58
CI �1.07 to �0.09) but this is based on a single study against fluoxetine with 34
patients in each group.Venlafaxine was superior in efficacy to someTCAs (imipra-
minebut not clomipramine) in outpatient care settings, where it was also superior to
fluoxetine in five studies comparing a total of 617 patients on venlafaxine and 618 on
fluoxetine (0.85 CI 0.72^1.00). In primary care studies venlafaxine did not differ on
any measure of efficacy, but was more poorly tolerated, compared to SSRIs.

Parker et al. (1999) rated a range of antidepressant medication using a clinical
panel judgement. ECTwas judged as effective for both melancholic and non-melan-
cholic depression. Antipsychotics were rated as effective, more so for non-melancholic
depression.TCAs and irreversible MAOIs were rated as more effective than SSRIs,
venlafaxine, mianserin or moclobemide. The superiority of TCAs over the SSRIs
was specific to the melancholic patients. In a separate study, Parker et al. (2001)
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followed a naturalistic cohort of depressed patients for 12 months of treatment and
assessed patients’ views of efficacy. In melancholic depression, ECTand irreversible
MAOIs were the most effective treatments, whilst the reversible inhibitor of MAOI
(RIMA) moclobemide was the least effective.TCAs were at the more effective end
of the spectrum, whilst SSRIswere towards the less effective end. In non-melancholic
depression, SSRIs were as effective as older antidepressants.

Onset of Action of Antidepressants

Traditional wisdom dictates that antidepressants produce a reduction in depressive
symptoms after two to three weeks.There is much evidence, going back to the first
antidepressant, imipramine, to suggest that this is an oversimplification, and that
some patients, and indeed some symptoms within individual patients, improve
more rapidly than others.There are several methodologies which have emerged to
establish speed of onset of action. Using pattern analysis, there is evidence for more
rapid onset with venlafaxine, fluoxetine, mirtazapine and nefazodone. Using
survival analysis, there is emerging evidence for several drugs including venlafaxine
and fluoxetine. In addition, adding other drugs to augment the spped of onset has
been studied. The best evidence is with the beta-blocker pindolol. Ballesteros and
Callado (2004) performed a meta-analysis of RCTs comparing pindolol plus
SSRIs with placebo plus SSRIs. In nine adequate trials, the pindolol augmentation
groups showed a better outcome after two weeks of treatment (OR 2.8; 95%
CI1.4^5.7), but this benefit over SSRIs alone had disappeared by four to six weeks
(OR1.4; 95%CI 0.8^2.7).This strongly supports the notion that pindolol speeds up
the onset of action of SSRIs.

Side Effects of Antidepressants

In general, the pharmacological profiles of antidepressants determine their adverse
effects and toxicity and hence their tolerability in clinical use.The side effects relate
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TABLE 10.1 Meta-analysis results comparing SSRIs with other antidepressants in primary
care and secondary care (inpatient and outpatient) settings. Data taken from NICE (2004)

Comparison Setting Result Odds ratio

SSRIs vs.TCAs inpatients No difference 0.12 CI�0.01to 0.24
SSRIs vs.TCAs outpatients No difference 0.02 CI�0.07 to 0.10
SSRIs vs.TCAs 18care No difference 0.00 CI�0.52 to 0.52
SSRIs vs. venlafaxine or mirtazapine 28 care SSRI inferior 0.13 CI 0.06 to 0.19
SSRIs vs. venlafaxine or mirtazapine 18care No difference 0.08 CI�0.05 to 0.22
SSRIs vs. MAOIs inpatients Favours SSRI 70.16 CI70.71to 0.38



to the affinity of these drugs at neurotransmitter receptors and transporters/
reuptake sites in the brain and body.

The most obvious receptor affinity related effect is sedation, which may be either
a wanted or unwanted effect in different circumstances: it is often a desirable effect
during acute treatment, especially in agitated or anxious individuals, but is
undesirable during continuation andmaintenance treatment where it compromises
a range of functions. Sedation is in general mediated by blockade of histaminic
receptors, especially the H1 receptor, which is also involved in producing weight
gain. Many of the more undesirable side effects of older tricyclic antidepressants
are mediated by blockade of the muscarinic acetylcholine receptors, the predomi-
nant type of acetylcholine receptors in the brain which mediate many functions
including memory and learning.The affinity of antidepressants for these receptors
is shown in Figure10.1. Muscarinic blockade is closely related to ongoing psycholo-
gical deficits during treatment with tricyclic antidepressants and may relate to risk
of accidents including road traffic accidents and falls in the elderly. Although H1
mediated sedation also contributes to the risk of accidents, muscarinic effects are
more pernicious as patients are less aware of them. In general, the older tricyclics
(especially amitriptyline and dothiepin) show high affinity), while the newer
tricyclic lofepramine shows lower affinity.The SSRIs in general show very low affi-
nity, except for paroxetine which has an affinity only marginally lower than that for
the prototype tricyclic imipramine.The affinity of venlafaxine is similar to paroxe-
tine, while the other SSRIs, mirtazapine, nefazodone and reboxetine show very low
affinities. Blockade at the m1 muscarinic receptors produces blurred vision, dry
mouth, sinus tachycardia, constipation, urinary retention and a range of psycholo-
gical deficits especially in memory. Figure 10.2 shows the propensity of
antidepressants, in recovered depressives on continuation treatment, to impair
information processing as indicated by prolonged critical flicker fusion (CFF),
while Figure10.3 shows the relationship between muscarinic side effects withTCAs
and impairment of CFF (Hale and Pinniniti, 1995).

Systematic reviews and meta-analyses have attempted to compare side-effect
profiles of older and newer drugs, often with the intention of determining value-
for-money of the newer drugs. One systematic review comparedTCAs and SSRIs
inpeoplewith all severities of depression (Trindade andMenon,1998). Some studies
have attempted to compare side effects and tolerability within drug groups, for
example between different SSRIs. One large cohort study of people receiving four
different SSRIs (fluvoxamine, fluoxetine, sertraline andparoxetine) inUKprimary
care found that reports of common adverse events (nausea/vomiting, malaise/lassi-
tude, dizziness and headache/migraine) varied between SSRIs, with fluvoxamine
coming out worst (relative risks verses fluvoxamine: fluoxetine RR 0.29 CI
0.27^0.32; paroxetine RR 0.35 CI 0.33^0.37; sertraline RR 0.26 CI 0.25^0.28),
although this reflects commonly appreciated clinical knowledge (Mackay et al.,
1997). A study of spontaneous reports to the UKCommittee on Safety of Medicines
found no difference in safety profiles between the same four SSRIs (Price et al.,
1996).
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AntidepressantTolerance

There is a considerable anecdotal literature on the loss of efficacy during con-
tinuation treatment with antidepressants (referred to as tolerance, tachyphylaxis,
‘breakthrough depression’). It has been reported more frequently since the
introduction of SSRIs and a notion has developed that there is a tendency for the
effect of SSRIs to wane, so-called ‘Prozac poop-out’. Byrne and Rothschild (1998)
suggest that such tachyphylaxis is seen in 9^33% of patients on currently accepted
maintenance and continuation doses of antidepressants, but may be more likely to
occur with MAOIs and SSRIs. Quitkin et al. (1993) suggested that, for olderTCAs
andMAOIs, a considerable proportion of relapses in the first three months of treat-
ment may be be due to loss of placebo effects. However, other explanations have
been put forward, including unrecognized rapid cycling, pharmacological toler-
ance, pharmacokinetic changes, lack of prophylactic effect, an increase in
underlying disease severity, and prior repeated drug trials (Sharma, 2001). Strate-
gies for the management of tolerance include increasing the dose of antidepressant,
reducing the dose, discontinuing treatment (for a drug holiday or indefinitely),
augmentation or combination therapy, switching to an alternative antidepressant
(including high-dose MAOI; Cohen and Baldessarini, 1985) and ECT. Of these,
increasing the dose of the existing antidepressant is the commonest first-line
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Figure 10.1 Muscarinic affinity for the m1 receptor for a range of antidepressants. Older
tricyclics show high affinity. The affinity of venlafaxine and paroxetine are only marginally
lower than that for the prototype tricyclic imipramine.The newer tricyclic lofepramine shows
lower affinity, while the other SSRIs, mirtazapine, nefazodone and reboxetine show very low
affinities. Blockade at the m1muscarinic receptors produces blurred vision, dry mouth, sinus
tachycardia, constipation, urinary retention and a range of psychological deficits especially
in memory. Drawn from data in Leonard and Richelson (2000)



strategy (Byrne and Rothschild, 1997). Sharma (2001) describes a series of 15
patients who showed loss of response to repeated trials of antidepressants and subse-
quent substitution, augmentation and ECT, who responded to discontinuation of
antidepressants and substitution of a mood stabilizer, with a sustained response.
Sharma argues that tolerance in suchpatients, at least in this open series, may repre-
sent unmasking of a bipolar diathesis by aggressive antidepressant treatment.
Amsterdam and Hornig-Rohan (1996) suggest that unrecognized bipolarity is a
common reason for treatment refractoriness.

Withdrawal

Withdrawal effects are well established for older antidepressants, described for
TCAs very soon after their introduction (Kramer et al., 1961). Dilsaver et al.
(1983) described gastrointestinal overactivity, insomnia, drowsiness or anxiety
and agitation, irritability, apathy, headaches and moodiness. They attributed
these symptoms to central cholinergic overactivity following withdrawal of
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Figure 10.2 Critical flicker fusion frequency (cycles per second) in remitted depressed
patients on maintenance antidepressant medication (older tricyclics and selective serotonin
reuptake inhibitors) and drug-free controls. Graph shows box and whisker plot with outliers
for each drug. Amitrip¼ amitriptyline; Clomip¼ clomipramine; Dothiep¼ dothiepin;
Imip¼ imipramine; Trimip ¼ trimipramine; Fluox ¼ fluoxetine; Sert¼ sertraline;
Cital ¼ citalopram; Parox ¼ paroxetine. Data fromHale and Pinniniti (1995)



anticholinergic blockadewith consequent up-regulation of central cholinergic func-
tion. They demonstrated how such effects could be treated with anticholinergic
drugs. Hypomania was also described as an occasional consequence of TCAwith-
drawal (Mirin et al., 1981).

More recently, withdrawal symptoms have been described for SSRIs. Zajecka
et al. (1998) examined discontinuation of fluoxetine (n¼ 96) versus continued
treatment (n¼ 299) after 12 weeks’ treatment. Sudden discontinuation was asso-
ciated with increased dizziness (7% vs. 1%), dysmenorrhoea (3% vs. 0%), rhinitis
(10% vs. 3%), and somnolence (4% vs. 0%), although high drop-out rates make
these underestimates. Fluoxetine has a long half-life and so is the least likely of the
SSRIs to show withdrawal effects. Stahl et al. (1997) reported the rate of sponta-
neous reports of suspected withdrawal worldwide for the first eight years after the
introduction of fluoxetine, and showed higher rates for paroxetine than for sertra-
line or fluoxetine. The most common withdrawal effects reported for SSRIs were
dizziness, nausea, paraesthesia, headache, and vertigo. Reporting rates are sensi-
tive to the Weber effect, where spontaneous adverse events reports are highest
shortly after the introduction of a new drug. As paroxetine and sertraline were
launched after fluoxetine, this may bias the rates in favour of fluoxetine.Withdrawal
does not seem to be any more frequent or severe in the elderly. Rosenbaum et al.
(1998) conducted a double-blind placebo substitution study in remitted depressives
on open label maintenance treatment with SSRIs. Patients were on placebo for five
to eight days. Fewer fluoxetine patients experienced withdrawal than either parox-
etine, and to a lesser extent sertraline, patients, both in terms of emergent somatic
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Figure 10.3 Critical flicker fusion frequency (Hz) as a function of anticholinergic side-
effect score in remitted depressives on maintenance treatment with tricyclic antidepressants,
demonstrating a close relationship between the two variables (r ¼ 0.537, p<0.001). Data from
Hale and Pinniniti (1995)



symptoms or symptoms of depression. Withdrawal reactions have also been
described with other antidepressants such as venlafaxine (Parker and Blennerhas-
sett, 1998). Slow taper of the shorter half-life drugs seems to reduce the risk of
withdrawal. There is some evidence that pharmacodynamic differences among
patients related to 5-HT2A receptor variants determine paroxetine intolerance
rather than pharmacokinetics. Murphy et al. (2003a) showed that a susceptibility
to paroxetine withdrawal seems to be strongly associated with the HTR2A C/C
genotype.

Suicide

Early debates about increased suicidality and aggression have largely been resolved
in favour of the SSRIs (Beasley et al., 1991; Heiligenstein et al., 1993), although
disinhibition of underlying personality traits and recognition of a tendency to
produce extrapyramidal side effects in a few patients (Hale, 1996) leaves open the
question of self-harm precipitated by the dysthymia associated with akathisia
(Wirshing et al., 1992). Jick et al. (1995) showed in general practice that the risk of
suicide was higher in people who received fluoxetine (19/10 000 person years,
CI 9^34) than those receiving dothiepin (RR of suicide vs. dothiepin 2.1, CI
1.1^4.1), but this was a historical cohort study and probably reflects the widespread
knowledge that, unlike theTCAs, all SSRIs appear safe in overdose (Henry, 1994),
and therefore patients at risk of suicide were preferentially given SSRIs. Concerns
raised about abuse potential seem unfounded although there is some enhancement
of psychometric performance not associated with activation or euphoria (Hale and
Pinniniti, 1995).

Individual Antidepressants

Tricyclic Antidepressants (TCAs)

Tricyclic antidepressants (TCAs) are iminodibenzyl derivatives, first developed in
the 1940s. Kuhn (1958) first noted the antidepressant properties of imipramine.
Their antidepressant efficacy has been well established, with a response rate of up
to 70%, although meta-analysis suggests a general response rate of closer to 60%,
only 50% greater than placebo (Depression Guideline Panel,1993). In the18 years
after imipraminewas introduced,TCAsbecame available from two classes, tertiary
amines (e.g. imipramine, amitriptyline, clomipramine) with two terminal methyl
groups on the sidechain; and secondary amines (e.g. desipramine, nortriptyline),
which are desmethylated derivatives of the tertiary amines. Tertiary amines are
generally quite sedating while secondary amines are less so.TCAs also differ in the
ratio of their inhibition of the uptake of noradrenaline to 5-HT. Nortriptyline,
protriptyline, desipramine, maprotiline and lofepramine are predominantly
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noradrenaline reuptake inhibitors whilst clomipramine, imipramine, amitriptyline
and dothiepin show a more equal ratio, although clomipramine’s demethlyated
metabolite is selective for 5-HT, giving clomipramine the most SSRI-like profile in
clinical practice (Baldessarini,1983).TCAs have five major pharmacological prop-
erties. They inhibit the reuptake of 5-HTand noradrenaline, are m1 muscarinic
antagonists, a-1 adrenoceptor antagonists and histamine H1 antagonists. Benefits
and side effects are largely predictable from their binding and reuptake profiles.

Treatment withTCAs is initiated at low dose and titrated up slowly (every three
or four days) to avoid side effects, especially postural hypotension (mediated by
a-1 blockade) and the anticholinergic side effects of dry mouth, constipation,
blurred vision and urinary retention. The dose^response curves for most TCAs
are known and plasma level monitoring is useful to achieve the optimal balance
betweenbenefits and side effects (Perry et al.,1994). Lower doses are often required
in elderly patients, but even in this groupTCAdoses below 75mg daily are unlikely
to be effective.Where response is seen at below the usual minimum effective dose in
younger adults, increase up to this dose for maintenance is advocated
(Anderson et al., 2000).

The utility of TCAs is limited by a high toxicity in overdose (Henry, 1994)
mediated by arrhythmias caused by a quinidine-like effect on fast sodium channels
in the heart. Pretreatment ECGs should be performed on at risk populations, which
includes all children, adults over 40, and a history of heart problems. Paradoxically,
the secondaryTCA nortriptyline has been shown to be safer than the SSRI fluoxe-
tine in elderly patients and those with heart disease (Roose,1992).

This and the side-effect burden in general, have led to a general underdosingwith
tricyclics, especially in general practice (Bridges,1983). Donoghue andTylee (1996)
showed amean dose of 57mg per day of tricyclics used in general practice in theUK
despite recommendations that the minimum effective dose is 125^150mg daily
(1985). This leads to apparent treatment resistance, which may respond simply by
increasing the dose of the TCA, achieving a more effective plasma level (Nelson
et al., 1982).

A more recently developed TCA, available in some countries, is lofepramine, a
selective noradrenaline reuptake inhibitor which has achieved some recent popu-
larity as an alternative to the SSRIs. A tertiary amine, chemically related to
imipramine, it is metabolized to the secondary amine desipramine, itself a selective
noradrenaline reuptake inhibitor. Lofepramine has been available in many coun-
tries for longer than the SSRIs and is used because of a benign side-effect profile,
related to a lack of free ”NH2 group in the sidechain which gives it minimal
anticholinergic activity (Katona et al., 1993), and confers safety in overdose
(Henry, 1994). These advantages are similar to those claimed for the SSRIs. The
efficacy of lofepramine was reviewed by Lancaster and Gonzalez (1989) and an
extensive and authoritative meta-analysis (and in some cases re-analysis) of clinical
trial results was published by Kerihuel and Dreyfus (1991), who suggested that the
risk/benefit ratio for lofepramine is superior to amitriptyline, imipramine, clomi-
pramine, maprotiline and desipramine. Lofepramine is marketed as though 70mg
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lofepramine is equivalent to 50mg of imipramine, suggesting a minimum effective
dose of 175^210mg daily for lofepramine. Adequate dose-ranging data are not
available due to the antiquity of many studies.

MAOIs

A second, older class of antidepressants is the monoamine oxidase inhibitors
(MAOIs). These were introduced in the 1950s but concerns over both efficacy and
safety have limited their popularity as a first-line treatment for major depression
(Paykel and White, 1989). In major depression MAOIs are generally limited to
third- or fourth-line treatments, essentially used for treatment-resistant depression
(Nolen et al., 1988; Nolen, 1997).Three irreversible, non-selective (for MAOA and
B) MAOIs are most commonly prescribed, phenelzine and isocarboxazid, which
are derivatives of the hepatotoxic compound hydrazine, and tranylcypromine.
MAOIs are in general activating, especially tranylcypromine, and traditionally
given in divided doses early in the day. Phenelzine and tranylcypromine are struc-
turally related to amphetamine, long thought responsible for their stimulant
properties and causing concerns about their addiction potential. However, neither
drug seems to possess addictive or euphoriant properties in normal clinical use
(Mallinger and Smith, 1991; Thase et al., 1995). They are potentially metabolized
to amphetamine, but current evidence suggests that the opening of the cyclopropyl
ring structure of tranylcypromine, to form amphetamine, is not significant at usual
doses (Sherry et al., 2000).

Prevailing clinical opinion of available controlled data suggests that all anti-
depressants have equal efficacy, approximately 60% to 70% in any given trial.
However, it has also been believed for some time that MAOIs are less effective in
major depression thanTCAs, while MAOIs are superior in atypical depression. A
systematic review of 55 randomized controlled trials comparingMAOIswithTCAs
in several subgroups of people with depression (Thase et al., 1995) found that
MAOIs were less effective in people with severe major depressive disorders but
may be more effective in atypical depressive disorders (depressive disorders with
reversed biological features, for example, increased appetite and weight, increased
sleep, mood reactivity, and sensitivity to rejection). A six-month continuation
therapy study with either phenelzine or imipramine in chronic atypical depressives
initially stabilized on either drug for six months (Stewart et al., 1997) again shows
benefit for phenelzine but not imipramine, again suggesting a special place for
MAOIs with atypical depression. MAOIs may also be more effective thanTCAs in
very chronically depressed patients. Stewart et al. (1993) showed 70% of such
patients to respond to phenelzine, 46% to imipramine and 17% to placebo.
However, they also showed that a substantial proportion of these patients fitted the
Columbia criteria for atypical depression.

A number of more selectiveMAOIs havebeen developed, but the only compound
available in most countries is moclobemide. Two meta-analyses did not show any
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differences in efficacy between moclobemide and TCAs (Woggon, 1993; Angst et
al., 1995). It has also been found equipotent to the SSRI fluoxetine in major depres-
sion, but superior to fluoxetine in atypical depression (Lonnqvist et al., 1994). One
significant study found moclobemide inferior toTCAs in major depressive inpati-
ents (DUAG,1993). Moclobemide has developed a reputation for lack of efficacy in
major depression and has been developed for a range of anxiety indications.
Whether the reputation in depression is deserved or is a function of underdosing in
clinical practice remains unclear.

SSRIs

The selective serotonin reuptake inhibitors (SSRIs) were the first of the newer
‘designer’ antidepressants, introduced throughout the world in the 1980s. The
SSRIs differ in the potency of reuptake inhibition, but this shows no clear relation-
ship to apparent effective clinical dose and so is of dubious relevance to efficacy.
There is no convincing evidence that these compounds differ systematically in
either efficacy (overall or for subpopulations of depressives) or in their side-effect
profile, although one would expect minor differences from consideration of their
receptor blocking and uptake inhibition profiles (Hyttel, 1994), which show minor
effects on inhibition of dopamine reuptake with sertraline and noradrenaline re-
uptake with paroxetine. Clinical studies comparing the different SSRIs have rarely
shown major differences. A recent study which compared the effectiveness of three
SSRIs (paroxetine, fluoxetine, and sertraline) in depressed primary care patients,
in an open-label, randomized, intention-to-treat trial (Kroenke et al., 2001) found
responses to the three SSRIs comparable on all measures and at all time points,
with similar incidences of adverse effects and discontinuation rates. Prospective
head-to-head comparisons have produced similar results (Aguglia et al., 1993;
Bennie et al., 1995; Newhouse and Richter, 1996; Tignol, 1992; Geretsegger et
al., 1994; Patris et al., 1996). Escitalopram is a recently introduced SSRI.
Escitalopram is the single isomer responsible for the serotonin reuptake inhibition
produced by the racemic antidepressant citalopram.There is some data suggesting
better efficacy than an equivalent dose of racemic citalopram (Gorman, 2002;
Burke et al., 2002), perhaps suggesting the presence of the other isomer to be
unhelpful in terms of efficacy.

A major benefit with several SSRIs is ease of dosing, as steep dose^response
curves mean that a single or narrow range of doses can be advocated for most
patients, usually in once-daily dose form.This ease of use has largely overcome the
well-documented tendency in general practice to prescribe doses of a third to a half
of effective therapeutic dose (Donoghue andTylee, 1996), whilst still leaving some
latitude for higher doses in secondary care (Hale and Stokes,1991).

The SSRIsmaybemuch less likely to triggermania inbipolar patients thanTCAs
(Peet, 1994). Moclobemide seems also unlikely to trigger switches (Calabrese,
Rapport et al.,1999). Boerlin et al. (1998) suggest that olderMAOIs aremore likely
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than SSRIs to trigger switch. Vieta et al. (2002) provide evidence that switch is
much more likely with venlafaxine than with the SSRI paroxetine.The addition of
lithium, but not anticonvulsant mood stabilizers, appears to further reduce the rate
of switch in patients treated with an SSRI (Henry et al., 2001).

NARIs

Desipramine, lofepramine, and nortryptiline are examples of tricyclic antidepres-
sant compounds from the first generation of antidepressants that exert their effects
predominantly by blockade of noradrenaline reuptake, as does maprotiline, a non-
tricyclic compound. However, these antidepressants are also associated with inter-
actions with muscarinic, histaminergic, and adrenergic receptors, leading to a
range of undesirable side effects. Reboxetine is a selective noradrenaline reuptake
inhibitor (NARI). It is a racemicmixture of two enantiomers, the (S,S)-enantiomer
being the more potent inhibitor. It has little affinity for muscarinic acetylcholine
receptors and does not block serotonin reuptake, a-1 or muscarinic receptors. Like
most other antidepressants, it is a functional antagonist at the human 5-HT3A
receptor (Eisensamer et al., 2003). It does not inhibit monoamine oxidase activity,
nor inhibit or induce hepatic cytochrome P450 enzymes and shows linear pharma-
cokinetics. Absorption is rapid and the terminal elimination half-life is about 13
hours. It seems safe in overdose. It has little sedative effect and minimal effect on
sexual function (Clayton et al., 2003). It shows evidence of acute and long-term
clinical efficacy and safety from double-blind, placebo-controlled, and active
comparator studies, which show that it is significantly more effective than placebo
and as effective as fluoxetine in reducing depressive symptoms (Schatzberg, 2000).
Much has been made of its benefit for social adjustment, compared to that seenwith
SSRIs. This is in accord with its ability to bias in favour of positive rather than
negative self-perception and to promote social bonding in normal volunteers
(Harmer et al., 2003;Tse and Bond, 2003) and there is some evidence of its benefit
in social phobics (Atmara et al., 2003). Montgomery et al. (2003) reviewed four
placebo-controlled RCTs of reboxetine 8^10mg/day for four to eight weeks in
severe major depression (17 item HDRS525).The responder rate was much higher
thanwith placebo in these patients, 63% (56^74%) with reboxetine and 36% (20^
52%) with placebo. One of these four trials, however, did not show superiority over
placebo, and recent clinical studies conducted in the USA and Canada, prompted
by the FDA, resulted in a letter of non-approval in the US. Overall, reboxetine was
superior to placebo in only 5 of 12 placebo-controlled studies (Hajos et al., 2004).
The current evidence for the NICE review on the treatment of depression (NICE,
2004) shows comparable efficacy when compared to fluoxetine and reboxetine
(odds ratios70.15 [CI70.45 to 0.16] and70.05 [CI70.25 to 0.12]) respectively,
in fact favouring reboxetine as a trend. Efficacy therefore remains under review for
this compound.
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Venlafaxine

Venlafaxine is a derivative of phenylethylamine and is a mixed serotonin and nor-
adrenaline reuptake inhibitor (SNRI). Conceptually it offers the benefits of aTCA
without the anticholinergic side effects.There is evidence for good efficacy, with two
recent meta-analyses showing superior efficacy to all other antidepressants except
forTCAs (Thase et al., 2001a; Smith et al., 2002). There is also some evidence for
a more rapid onset of action than other commonly used antidepressants (Guelfi et
al.,1995), and of efficacy in treatment resistant depression (Nierenberg et al.,1994).
There is evidence for a dose^response effect, with the highest potency observed in
doses 5225mg/day of venlafaxine (Entsuah, 2003). Response rates in this meta-
analysis were 61^66% for venlafaxine, 57% for SSRIs and 42% for placebo.
Other dual action antidepressants have been developed, such as milnacipran, the
efficacy of which was reviewed by Kasper et al. (1996) and Rouillon et al. (2000a);
and duloxetine (Detke et al., 2002; Thase et al., 2003; Goldstein et al., 2002;
Schatzberg, 2004). Duloxetine and milnacipran have a more balanced reuptake
ratio than venlafaxine (5-HT/NE ratios 9, 2, and 30 respectively) (Wong and
Bymaster, 2002), but the significance of this for clinical practice is unclear. Such
ratios are similar to those seenwith tricyclics such as amitriptyline and imipramine.
All of these dual action antidepressants also appear to have beneficial effect in pain,
both associated with depression and persistent pain syndromes (Iyengar et al.,
2003; Davis and Smith,1999).

Mirtazapine

Mirtazapine is a presynaptic a-2 antagonist with a dual action, increasing nor-
adrenergic and serotonergic neurotransmission. Enhanced serotonergic
neurotransmission is mediated via 5-HT1 receptors, as mirtazapine antagonizes
postsynaptic serotonergic 5-HT2 and 5-HT3 receptors. Mirtazapine has only a
weak affinity for 5-HT1 receptors and has very weak muscarinic anticholinergic
and histamine (H1) antagonist properties. These properties suggest efficacy and
good potential tolerability. In systematic reviews, mirtazapine has proven to be
superior to placebo, and equivalent in efficacy to the tricyclic antidepressants
amitriptyline, doxepin and clomipramine, but with an improved tolerability profile
(Fawcett and Barkin, 1998).There is some evidence for a rapid onset of antidepres-
sant action, but equal efficacy, when compared to fluoxetine (Wheatley et al.,1998)
and to paroxetine (Benkert et al., 2000). Guelfi et al. (2001) conducted a com-
parison of mirtazapine and venlafaxine, in high doses, in hospitalized melancholic
depressives. There were no statistically significant differences but the results
numerically favoured mirtazapine. Mirtazapine lacks the sexual and gastro-
intestinal side effects of the SSRIs and is often better tolerated, although it causes
considerable weight gain and it is sedative, especially at lower doses, because of
very potent antihistamine effects.Van der Flier and Schutte (2003) have performed
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a meta-analysis comparing the tolerability of mirtazapine with that for SSRIs and
venlafaxine, showing better tolerability for mirtazapine.Thase (2003) showed in a
meta-analysis significant remission rates with mirtazapine (38.8%) compared to
SSRIs (34.7%), which was largely explained by a significantly faster onset of action
formirtazapine in the12 double-blindRCTs reviewed.This faster onset of action has
been confirmed in a further meta-analysis byThompson et al. (2004). The meta-
analysis by NICE (2004) showed mirtazapine to achieve better end point mean
scores than SSRIs (70.13 CI 70.27 to 0.00) but not to differ significantly in
responder or remission rates.

Nefazodone

This phenylpiperazine drug has a mixed mechanism of action, showing both sero-
tonin reuptake inhibition and 5-HT2a receptor antagonism. It has been shown to be
effective in placebo-controlled RCTs and compared to imipramine and fluoxetine,
with a favourable profile compared to SSRIs in alleviating anxiety associated with
depression (Zajecka,1996). It is generally well tolerated, with favourable sexual and
gastrointestinal profile compared to the SSRIs, but causing weight gain (Hale,
1997). However, there have been increasing concerns about hepatotoxicity
(Stewart, 2002) and nefazodone has recently beenwithdrawn.

Bupropion

Bupropion is a weak inhibitor of biogenic amine reuptake. The mechanisms of
action of bupropion as an antidepressant are not fully understood, but both dopa-
minergic and noradrenergic mechanisms are implicated. Bupropion inhibits
dopamine reuptake and has a weaker effect on noradrenaline reuptake, but also
has an effect on adrenergic neurotransmission in the locus coeruleus. There are
minimal effects on serotonin reuptake, and no effect on serotonin, adrenergic, choli-
nergic or histaminic receptors (Sanchez and Hyttel, 1999).The hydroxybupropion
metabolite has a half-life of 22 hours (compared to 10 hours for the parent
compound) and this and the threoamino alcohol metabolite accumulates and
contributes significantly to the antidepressant activity (Ascher et al., 1995). The
efficacy of bupropion was established in six clinical trials in the 1970s and 1980s
(Horst & Prescorn 1998), which showed benefit at doses of between 300 and
750mg/day. Efficacy in maintenance treatment of depression has been demon-
strated (Weihs et al., 2002). There is a relationship between response and plasma
levels,withatherapeuticwindowbetween50and100 ng/ml (Preskorn,1983).There is
a potential for inducing seizures, especially at high plasma levels (Pesola and
Avasarala, 2002) and hence plasma level monitoring is advisable. A meta-analysis
of studies against imipramine and placebo showed benefit over placebo and
comparable efficacy to imipramine (Workman and Short, 1993). Bupropion has
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efficacy comparable to or superior to SSRIs (Coleman et al., 1999). Switching to
bupropion has efficacy in patients resistant to treatment with other antidepressants
including fluoxetine (Fava et al., 2003), while there is also evidence for augmenta-
tion of SSRIs or venlafaxine with bupropion (DeBattista et al., 2003). Adverse
effects of bupropion include dry mouth, headache, insomnia and nausea but are
mostly mild or moderate in intensity (Settle et al., 1999). Few patients discontinue
treatment as a result. There is minimal effect on sexual function and some dose-
related weight loss. The potentially life-threatening dermatological side effect,
erythema multiforme, has been reported both with the standard and the sustained
release preparations (Lineberry et al., 2001).There have been suggestions of drug-
induced mania with bupropion but a comparison of switching in SSRIs versus
bupropion (Joffe et al., 2002) failed to find any difference.

StJohn’sWort (Hypericum perforatum)

Hypericum perforatum (St John’s wort) is a widely used over-the-counter herbal
preparation taken as an alternative therapy for depression, sometimes in an attempt
to avoid adverse effects associated with prescription antidepressants.There is some
uncertainty about which of the many chemicals found in the parent plant are
important and hence which preparations are optimal, with consequent uncertainty
about dose.

Twometa-analyses have examined the efficacy and safety of StJohn’s wort. Linde
andMulrow (2000) showed that in mild to moderately severe depressives, StJohn’s
wort was significantly superior to placebo (responder rates, 57% and 25% respec-
tively), but no different to comparator antidepressants. A second analysis (Whiskey
et al., 2001) extended this review by applying different inclusion and exclusion
criteria but came to similar conclusions, showing response rates for St John’s wort
in comparison to antidepressants to be between 43.3% and 76.4%, and 40.1% and
72.2% respectively. When comparing St John’s wort with placebo, response rates
were 40.0^80% and 0^63% respectively. In general, most studies have found St
John’s wort to be comparable to active controls, such as amitriptyline (Wheatley,
1997), imipramine (Vorbach et al., 1997; Philipp et al., 1999; Woelk et al., 2000),
and fluoxetine (Schrader et al., 2000), and superior to placebo. Whiskey et al.
(2001) showed a relative risk of responding to treatment of 1.00 (CI 0.91^1.11) for
St John’s wort compared to standard antidepressants in nine adequate RCTs
included, and of 1.59 (CI1.40^1.80) compared to placebo in14 studies included.

A recent adequately powered study (n¼ 340) comparing H. perforatum 900 to
1500mg daily with sertraline 50^100mg daily and placebo, during an eight-week
acute study with an18-week double-blind continuation phase in moderately severe
depressives, with a minimum HDRS at baseline of 20, throws doubt on the efficacy
of StJohn’swort (Davidson et al., 2002).This study finds StJohn’swort tobe numeri-
cally inferior to placebo on the primary outcomemeasure. Sertraline also performs
badly in a responder analysis (perhaps because of a low dose) but the effect size for

316 _________________________________________________________________________________________ A. S. HALE



sertraline on the HAM-D total score was consistent with reported effect sizes for
standard antidepressants and for three other sertraline studies on the HAM-D
change frombaseline. Side effects of StJohn’s wort were more frequent anorgasmia,
swelling, and urination relative to placebo, although these were mild. However, a
meta-anlysis by NICE (2004) which includes seven adequate studies, has shown St
John’s wort to be superior to placebo both in terms of mean end-point scores and
responder status, for all levels of severity of depression including severe depression.
Studies reviewed by NICE comparing St John’s wort with other antidepressants
found it inferior overall (1.20 CI1.00^1.44) mainly due to the superiority of amitrip-
tyline. Again, StJohn’s wort had comparable efficacy to comparitors at all levels of
severity.

Linde andMulrow (2000) found that adverse events were poorly reported in the
trials.They were reported by 26% of people on StJohn’s wort compared with 45%
of people on standard antidepressants and 15% on combinations of St John’s wort
and valerian, compared with 27% on amitriptyline or desipramine.Whiskey et al.
(2001) noted headaches, restlessness, fatigue, and dizziness, as the most commonly
reported side effects, which they comment seem to resemble SSRIsmore thanTCAs,
except that St John’s wort does not seem to prolong cardiac conduction (Czekella
et al.,1997).There has been a report of three cases of possible mania induction asso-
ciated with St John’s wort (Moses and Mallinger, 2000). A review by Ernst et al.
(1998) included RCTs and observational postmarketing surveillance studies of St
John’s wort.Themost common adverse effects of StJohn’s wort in the included trials
were gastrointestinal symptoms, dizziness/confusion, tiredness/sedation, and dry
mouth, although all occurred less frequently than on conventional drugs. Findings
from observational studies were consistent with these findings.

Interactions with other drugs are possible and should be considered. These
include HIV protease inhibitors, HIV non-nucleoside reverse transcriptase
inhibitors, warfarin, cyclosporin, oral contraceptives, anticonvulsants, digoxin
and theophylline, and perhaps also hormone-replacement therapies and several
hormonal cancer therapeutics, including tamoxifen for breast cancer and medrox-
yprogesterone for lung cancer. These interactions are likely to be mediated via St
John’s wort’s effect on cytochrome P450 enzymes where it acts as an enzyme inhi-
bitor on certain subtypes and as an inducer on others (Whiskey et al., 2001).

Predictors of AntidepressantTreatment Response

Psychomotor retardation or agitation, pervasive anhedonia and non-reactivemood
predict treatment response to TCAs (Fawcett et al., 1983; Hale and Stokes, 1991;
Parker and Hadzi-Pavlovic, 1993). Interaction between endogenicity and severity
produces a curvilinear relationshipbetween endogenicity and acuteTCAtreatment
response (Joyce and Paykel,1989).Thebest treatment response toTCAs is shownby
patients with endogenous symptoms but moderate severity. However, melancholic
features may predict a poorer treatment response to SSRIs (Anderson and
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Tomenson, 1994; Roose et al., 1994; Montes et al., 2004). Men may have better
response to and tolerance of tricyclic antidepressants (Hamilton, 1995). Women
may show better response and tolerance to SSRIs (Kornstein, 1997). There is a
complex relationship between precipitating life events, coping styles and outcome
of antidepressant treatment (Mazure et al., 2000). Adverse achievement events
were predictors of poor outcome. While adverse interpersonal life events were
associated with good outcome, this may reflect a large interpersonal network
being more likely to provide a trigger event whilst at the same time also providing
more opportunities for support.

A variety of biological markers have been thought to predict response to either
antidepressants in general, or to particular groups of antidepressants, such as
tricyclics (Hale et al., 1989), noradrenergic versus serotonergic antidepressants
(Schatzberg, 1998) and MAOIs (Georgotas et al., 1987). The liability of patients
with particular genotypes to respond selectively to particular drugs is under inten-
sive investigation. For example, the presence of the APOE e-4 allele predicts rapid
response to mirtazapine but not to paroxetine in cognitively intact older patients
with major depression (Murphy et al., 2003b).

ECT

Electroconvulsive therapy (ECT) remains a controversial treatment, at least as far
as the public are concerned. It is an acute treatment, with time-limited benefit.
Naturalistic studies show that the relapse rate during the 6 to 12 months following
ECTexceeds 50% (Aronson et al., 1987; Sackeim et al., 1990).There are studies of
‘maintenance treatment’ using various top-up regimes, or on the use of drugs as
maintenance therapy after ECT has produced remission. Sackeim et al. (2001)
have pointed out that much of this work was done when ECTwas considered a
first-line treatment, and may not be applicable now that ECT is often reserved for
a more treatment-resistant population. Several studies have shown that medication
resistance is especially predictive of post-ECT relapse (Sackeim et al., 1990).
Sackeim et al. (2001) show that continuation treatment in unipolar depressives
with a combination of lithium and the noradrenergicTCA nortriptyline is clearly
superior to nortriptyline alone or placebo, relapse rates being 39%, 60% and 84%
respectively at sixmonths, the latter two figuresbeing substantially higher thanwith
the earlier studies cited. However, they also pointed out that, in the post-SSRI
era, patients aremuch less likely to have received an adequate trial of aTCAprior to
ECT. The only placebo-controlled trial of lithium monotherapy continuation
therapy after ECT in unipolar patients found no protective effects during the first
six months (Coppen et al., 1981).

Janicak et al. (1985) performed a meta-analysis of the available ‘simulated’ ECT
studies then available and found patients given real ECT more likely to respond to
treatment (NNT 3, CI 2^5). Wijeratne et al. (1999) come to similar conclusions
from11more recent studies. In general, ECT is reserved for patients with psychotic
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depression, patients with severe suicidal drivewhere a rapid response is required, or
patients who cannot tolerate or have not responded to drug treatment.

Duration of ContinuationTreatment

Traditional wisdom, reflected in most treatment guidelines, suggests continuation
treatment for major depressives with an effective antidepressant for a period in the
range of three to nine months after recovery. This is thought to reflect the natural
history of depression, the patient remaining at risk of relapse if during the period of
remission after responding to treatment, the antidepressant is discontinued before
underlying recovery has occurred (Frank, 1991). Loonen et al. (1991) conducted a
meta-analysis of six RCTs of continuation treatment, showinga reduction in the risk
of relapse by nearly a half if antidepressants were continued for four to six months
after acute treatment. Reimherr et al. (1998) examined whether this remained true
for newer antidepressants, using a designwithmultiple, rather than a single, discon-
tinuation point.They conducted a four-arm study in patients who had responded to
12^14weeks of open label treatment with 20mg fluoxetine.They substitutedplacebo
at either 0,14, 38 or 50 weeks. Relapse rates were lower in the drug than the placebo
groups after 24 total weeks of treatment (26.4% and 48.6% respectively), and after
38 total weeks of treatment (9.0% and 23.2%). After 62 total weeks of treatment,
relapse rates were similar (10.7% and 16.2%). They therefore conclude that the
traditional wisdom is correct, continuation treatment with fluoxetine being
necessary for at least six months after remission is achieved with three months’
acute treatment.

Whether this wisdom applies equally to all subtypes of depression is less clear.
Stewart et al. (1997) conducted a placebo-controlled discontinuation study in
atypical chronic depressives and showed that stopping phenelzine at six months
after remission led to relapse.

MaintenanceTreatment

It is apparent from a large body of work examining the relationship of life events to
depression that the sensitivity to life events increases with each successive depressive
episode (Brown et al.,1994).The impact of significant life events on the triggering of
depressive illness is most apparent at the first episode. Thereafter, progressively
smaller stresses, which may be indistinguishable from ‘normal life’, may trigger
subsequent episodes, showing evidence of sensitization. The speed of sensitization
increases with age. Maj et al. (1992) showed a pattern of increasing severity from
index episode over three subsequent episodes followed prospectively. Shea et al.
(1992) showed that 50% of patients relapsed within two years if imipramine was
discontinued after achieving acute remission with 16 weeks’ treatment. Half of all
depressives only ever have one episode, although during the three years following
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an acute episode the suicide risk is increased.The risk of recurrence after an acute
episode is 33% within the first year, 50% within the first five years and a 70% life-
time risk (Thase,1992). For individuals whohave already experienced a recurrence,
there is a 40% risk of a further episode within two years of recovery rising to 60%
after five years (Keller and Boland, 1998) with an 80% lifetime risk. Individuals
who have experienced three previous episodes have a 90% lifetime risk (Thase,
2001). The risk of a subsequent episode thus increases with the number already
experienced, in keeping with the life event and sensitization model cited above.
There is some suggestion of a curvilinear relationship between risk of recurrence
and age of onset, with a higher risk of recurrence for those experiencing their first
episode before the age of 21andafter the age of 60. Greden (1993) has suggested that
lifetime pharmacological maintenance may be indicated for patients 50 years or
older at first episode, 40 years or older with two or more prior episodes, or for
those with three or more prior episodes. This would suggest an algorithm such as
shown inTable 10.2 (Hale, 1997a). Where recurrence is undesirable, prophylactic
maintenance therapy should be considered. Evidence of efficacy withTCAs for up
to five years exists, but few studieswith newer drugs extendbeyondone to two years.

A meta-analysis of maintenance treatment for two years in older depressives was
conducted by the Old Age Depression Interest Group (1993), who found a 55%
reduction in the risk of relapse over two years’ treatment. There is no similar
published meta-analysis in younger adults.

The definitive study of maintenance treatment with imipramine, the Pittsburg
Maintenance Study, part of the NIMH Treatment of Depression Collaborative
Research Programme, examined the benefits of three years’ active antidepressant
treatment versus placebo in a five-arm study which also included interpersonal
psychotherapy (Frank et al., 1990). Patients were randomized after showing remis-
sion during12 weeks of acute treatment with imipramine. Only10% of patients who
received neither antidepressant nor psychotherapy during the maintenance phase
were free of recurrence during the three-year period, compared to just under 80%
in the drug and combined drug and psychotherapy arms.The psychotherapy alone
or with placebo arms showed three year survival around 30%. Of patients
surviving at three-years in the imipramine arm, 20 were then re-randomized to
either a further two-year continuation or placebo. 90% survived on imipramine
compared to 10% on placebo (Kupfer et al., 1992).They concluded that, even after
three years’ remission onmaintenance antidepressants, therewas little or noprotec-
tion against recurrence once treatment stops; and that patients with an episode
frequency52 years should not be discontinued from active medication for at least
five years.

More recent studies addressing maintenance treatment with modern anti-
depressants have been somewhat difficult to interpret due to high drop-out rates
(e.g., Keller et al.,1998a). However, it is worth examining such studies as theburden
of side effects with the older drugs is a major consideration in treatment choice with
long-term treatment. Gilaberte et al. (2001) compared fluoxetine and placebo over
48 weeks of double-blindmaintenance study in responders to 32 weeks of open label

320 _________________________________________________________________________________________ A. S. HALE



treatment with fluoxetine. 80% of the fluoxetine group survived compared to 60%
of the placebo group, and the symptom-free period was significantly longer for
patients treated with fluoxetine versus placebo (295 vs. 192 days). Hochstrasser et al.
(2001) conducted a comparison of citalopram and placebo in a two-year
maintenance study in younger recurrent depressive adults, with a 75% survival
rate for citalopram versus 37% for placebo in those staying in the study for 500
days or longer. However, the dropout rate at this point was 91%, perhaps illus-
trating the difficulty of conducting such studies. Keller et al. (1998a) conducted a
76-week maintenance study comparing sertraline and placebo, showing 95%
survival with sertraline compared with 70% on placebo, difficult to interpret
because of the success of the placebo arm.Terra and Montgomery (1998) demon-
strated the benefit of maintenance treatment with fluvoxamine for one year.
Franchini et al. (1998) compared 20 and 40mg daily doses of paroxetine in a two-
year maintenance study of patients responding to acute treatment with the higher
dose, finding that recurrenceswere significantly fewer with the higher dose (lending
credence to the saying ‘the dose that gets you well keeps you well’). In a one-year
maintenance studyThase et al. (2001b) compared mirtazapine and placebo, with
greater survival in the active drug arm (80%) than the placebo arm (56%).
Rouillon et al. (2000b) showed statistical benefit for maintenance treatment
over one year with the dual-action milnacipran. This study showed a very high
placebo response rate, but the drug^placebo differences were more marked in
comparison of various quality of life measures (Rouillon et al., 2000b). There is
some evidence, frompooled data, for lower relapse rates with venlafaxine compared
with placebo at one year (Entsuah et al., 1996) but dropout rates are very high in
both groups.

A long-termmaintenance study was also conducted in older patients (over 50 but
mean age 67), who had recovered on a combination of nortriptyline and interper-
sonal psychotherapy (IPT). They were randomized to four treatment arms
(drug+IPT; drug+clinic visit; IPT+ placebo; clinic visit+placebo) and followed
up over three years (Reynolds et al.,1999).Time to recurrence of amajor depressive
episode for all three active treatments was significantly better than for placebo.
Recurrence rates over three years were 20% for nortriptyline and IPT; 43% for
nortriptyline+clinic visits; 64% for IPT+placebo; and 90% for placebo+clinic
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TABLE10.2 Duration of antidepressant treatment for major depression

Age at first episode

439 40^49 550

First episode 6^9 months 6^9 months Indefinitely
Second episode 6^9 months 4^5 years Indefinitely
Second episode with complications 4^5 years Indefinitely Indefinitely
Third or subsequent episode Indefinitely Indefinitely Indefinitely



visits. Combined treatment with nortriptyline+IPTwas significantly more effective
than IPT+placebo and showed a trend to superiority over nortriptyline alone.
Older patients (470years) relapsed more often and more quickly than those aged
570.

Psychological Treatments

The preference of patients for non-physical treatments, especially for milder forms
of depression in primary care settings, together with a failure to demonstrate clear
benefit of psychodynamically based psychotherapy and the limited availability of
labour-intensive, long-term psychotherapy, have led to the development of a range
of ‘brief ’ psychotherapies, which have been evaluated for depressive disorders in
recent years. Evidence from such studies of brief psychological treatments in depres-
sion have generally found that, for mild to moderately severe depression,
psychological treatments are about as effective as drug treatment, but take a little
longer to work.With more severe and/or melancholic depression, drug treatments
are more effective (Thase and Friedman, 1999). There is strong evidence for this
with cognitive-behaviour therapy, and similar evidence is emerging for several
other therapies including interpersonal therapy, problem-solving therapy, and
brief non-directive counselling. Similar evidence exists across the age range but is
less robust with older people. The generalizability of the studies of psychological
treatments is as uncertain as is sometimes the case with drug studies. In particular,
drugdoses in these comparative studies are often quite low, leading to criticisms that
the drugs were handicapped by the drugs not reaching therapeutic concentrations.
This is the case for most of the studies cited in a meta-analysis by Dobson (1989),
where in addition many studies quoted were not blind and many were carried out
in CBTcentres, leading to potential bias.

Cognitive-BehaviourTherapy (CBT)

CBT, originally developed by Beck, aims to counter negative thoughts and cogni-
tions, and may be seen as a form of re-educational therapy. By educating patients
to challenge their negative thinking, and to consider rational, positive alternative
interpretations, the cycle of repetitive negative thinking may be broken.Whether
this leads to global improvement and recovery from depression clearly depends on
the place of negative thinking in the aetiology and maintenance of a depressive
episode. Gloaguen et al. (1998) performed a systematic review of 48 RCTs of
psychological therapies (total n¼ 2765) mainly of outpatients in secondary care
with mild to moderate depression, including dysthymia; people with psychotic or
bipolar symptoms were excluded. Of these, 20 RCTs compared CBTwith waiting
list or placebo controls and 17 compared CBTwith drug treatment. 79% of people
receiving placebo were more symptomatic than the average person receiving CBT.
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65% of people treated with CBTwere less symptomatic than the average person
treated with antidepressant drugs ( p50.0001).They conclude that CBT is effective
in mild tomoderate depression, more so thanwaiting-list placebo or indeed antide-
pressants. No major adverse effects of CBT are reported. RCTs in primary care
suggest limited acceptability to some patients. Recently it has been suggested that
itmaybe possible to deliver CBTfor depression in primarycare or even home-based
settings using computer programs as the delivery systems, e.g.,‘Beating the Blues’,
which have more limited need for clinical supervision (Marks, 1999). If promising
preliminary results are borne out in larger controlled trials, this could revolutionize
the availability of psychological treatments for depression, which are at present
severely limited by the need for intensive training and by the labour-intensive
nature of the interventions. Some studies suggest that, although in milder cases
CBT may be as effective as antidepressants, in more severe cases CBT may be scar-
cely more effective than placebo (Elkin et al., 1989). This is shown in Figure 10.4.
The speed of recovery is usually slower with CBT than with an antidepressant,
which may have significant health economic implications.

CBT hasbeen studied in older adults with depression, systematically reviewedby
McCusker et al. (1998). They described four RCTs in older adults that compared
psychological treatments versus no treatment. None of the RCTs found a significant
difference between treatment and no treatment, measured on the Hamilton
Depression Rating Scale. It also found six RCTs comparing different psychological
treatments. Five of six comparisons of ‘rational’ treatments (including cognitive-
behaviour therapy) versus no treatment in older adults found significant benefit
with treatment. Combined, the ‘rational’ treatments performed significantly better
than no treatment, with amean difference in theHamiltonDepressionRating Scale
score of77.25 (95%CI710.1to74.4), butwere not significantlydifferent fromthe
‘non-specific attention’ control. None of the RCTs found significant differences in
effectiveness between psychological treatments.

Interpersonal Psychotherapy (IPT)

IPT was developed in the USA by Weissman, Klerman and colleagues, as a
pragmatic, effective, feasible and testable alternative to psychoanalysis and other
psychodynamic psychotherapies. It was specifically designed to help patients with
mild to moderate unipolar depression. It places emphasis on current interpersonal
relationships and on strategies to improve them, helping the patient identify, under-
stand and solve current problems and to develop constructive and positive ways of
relating to others. Gloaguen et al. (1998) conducted a large RCT in patients with
mild tomoderate depression, a16-week studycomparing IPTversus drug treatment
or placebo plus clinical management. Recovery rates were similar for IPT and
imipramine (43% and 42% respectively), both significantly superior to the
‘placebo’ condition of clinical management. No adverse effects have been reported
with IPT but its use is limited in comparison tomedicationby the need for extensive
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training. Maintenance treatment with IPT has been discussed above in the three
and five-year comparisonwith imipramine (Frank et al., 1990; Kupfer et al., 1992).
Agosti and Ocepek-Welikson (1997) examined the effectiveness of CBT, IPT,
imipramine and clinical management in a re-analysis of those patients in the
NIMHTreatment of Depression Collaborative Research programme who suffered
from early-onset chronic depression. In this cohort of patients they found no
evidence of differential response to the four treatment arms, in contrast to earlier
results for major depressives as a whole. Elkin et al. (1989) showed that, as with
CBT, IPT was significantly less effective than antidepressant treatment in more
severe cases.

Problem-solvingTherapy

A brief therapy involving cycles of problem identification, solution generation and
testing. There are several small studies comparing problem-solving therapy with
drug treatment of mildly depressed patients in primary care settings (Mynors-
Wallis et al., 1995; Thase et al., 1997), finding the treatments equally effective.
Problem-solving therapy shows little adverse effect and requires less training than
CBTor IPT. Benefit in more severe depression or as a combined packagewithmedi-
cation has yet to be systematically evaluated.

Non-directive Counselling/Supportive Psychotherapy

Where this differs from the brief therapies described above, whichmay be delivered
under this label, it encompasses psychological treatments for patients with chronic
and disabling conditions, for whom basic and fundamental change is not seen as a
realistic goal, or attempts to ensure that reasonably healthy people stay healthy. As
such, it could perhaps not be expected to effect remission or recovery from depres-
sion and might be reserved only for the most chronic and treatment-resistant of
cases. It is, however, widely used, especially in primary care settings (King et al.,
1994). Churchill et al. (1999) reviewed five RCTs comparing counselling with
routine GP management of depression in UK primary care. No consistent advan-
tage was seen for counselling in the main outcomes studied, although RCTs found
greater satisfactionwith counselling versus routine care. A recent Norwegian study
compared adding either sertraline, mianserin or placebo to general practice based
counselling in a double-blind RCT (Malt et al., 1999). They concluded that the
combined drug and psychological treatment (counselling, emotional support, and
close 24-week follow-up) was more effective than psychological treatment alone, in
particular for thosewith recurrent depression, andmore so inwomen thanmen. For
cases of major depression in primary care, counselling is not an effective treatment,
having been described as no more effective than a waiting list (Friedli et al., 1997;
Harvey et al., 1998).
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Combined drugs andTalkingTreatment

In more severe depression, where psychological treatments alone are not effective,
there is strong evidence that combining antidepressant drug treatment with either
interpersonal or cognitive therapy is more effective than either of the psychological
therapies alone. Such an effect was absent in mild to moderate depression. Thase
et al. (1997) conducted ameta-analysis of six RCTs totalling 595 patients. In mild to
moderate depression there was no advantage in combining drug and specific
psychological treatments, but in more severe depression, combined treatment was
superior. A study with themodern drug nefazodone (Keller et al., 2000) compared
it over three months treatment with cognitive-behaviour therapy or the combina-
tion and showed a clear and impressive superiority for the combined treatment
(NNT 5, CI 3^6). In another comparison with modern antidepressants, Thase
et al. (2000) randomized male patients to a16-week, open label trial of CBT, fluox-
etine or bupropion, with crossover for non-responders at eight weeks.The response
rate was much higher in the drug-treated patients (87%) compared to the CBT
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Figure 10.4 Hamilton Depression Rating Scale (HDRS) mean change with treatment
with placebo, cognitive-behaviour therapy (CBT), interpersonal psychotherapy (IPT) or
pharmacotherapy with imipramine (IMIP) as a function of initial severity of illness.
Pharmacotherapy is clearly superior in more severe depression, with the two
psychotherapies of intermediate benefit and placebo the least



group (54%), with the benefit from medication particularly apparent in chronic
depressives.

The issue of maintenance treatment is perhaps even more crucial here thanwith
monotherapies, but outcome data are patchy and it is unclear exactly what consti-
tutes a‘maintenance’ treatment with the various psychotherapies. Fava et al. (1998)
examined the related issue of the efficacy of sequential use of CBTafter successful
treatment with antidepressants. They randomized recovered recurrent major
depressives, tapering and discontinuing their antidepressants after randomizing to
CBTor clinical management, with a 20-week intervention. Levels of residual symp-
toms were significantly lower in the CBTgroup than in the clinical management
group after stopping medication. At two-year follow-up, the CBT group had a
lower relapse rate (25%) than the clinical management group (80%) over the
next two years, significant using survival analysis.This study thus suggests a protec-
tive effect of CBTwhich persists during a treatment-free follow-up period.

BIPOLAR DISORDERS

The treatmentof bipolar disorders has seenmajor changes in recent years. In the not
too distant past, lithiumwas the only licensed and evidence-based mood stabilizer,
bipolar depression was not routinely recognized as requiring a different treatment
approach to unipolar depression and maniawas managed with typical antipsycho-
tics. Now there are an ever-expanding number of mood stabilizers available, with a
developing understanding of inwhich subtypes of bipolar illness to use each; there is
much debate over when and which antidepressant to use in the acute depressed
phase of bipolar illness; and atypical neuroleptics are not only replacing typical
neuroleptics as anti-manic agents, but are seen as having putative mood stabilizing
and antidepressant properties.

Nevertheless, for the acute depressive phase of bipolar illness, the evidence base
remains somewhat thin, as there has been until recently little research, despite
considerable evidence that the biology of bipolar and unipolar depression are very
different. Bipolar depression is a very disabling condition, one recent study showing
that patients with bipolar disorder spend about half of their lives with symptoms of
illness, of which two-thirds of the time is spent depressed, a further 13% in mixed
states (Judd et al., 2002).

Bipolar Depression

Bipolar depression is often misdiagnosed as unipolar depression, requiring more
than10 years of symptoms before correct diagnosis (American Psychiatric Associa-
tion, 2002). Initial unipolar presentation in adolescent or young adult life shows a
progressive rate of conversion to bipolar diagnosis with the appearance of hypo-
manic or manic symptoms, 25% and 16% of cases respectively converting over a
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15-year period (Goldberg et al., 2001). Bipolar depression is difficult to treat effec-
tively, with a lengthy period under treatment before treatment response is seen,
often becoming treatment-resistant.Thase’s group has shown that the median time
to remission in outpatients with bipolar I depression treated with treatment guide-
line directed care was eight months (Hlastala et al., 1997). Ghaemi et al. (2001)
showed that acute non-response to antidepressant treatment was commoner in
bipolar than unipolar depression (RR1.6, CI 0.8^3.4), irrespective of whether anti-
depressants were used alone or in combination with a mood stabilizer. There were
non-significant differences in response rate between different classes of drug in
bipolar patients, with the best response shown to SSRIs, then tricyclics and bupro-
pion, and theworst response to‘miscellaneous’drugs.They also showed that the late
development of tolerance was commoner (RR 3.4, CI 1.2^10.0), and relapse into
depression on cessation of treatment was less frequent (RR 0.2, CI 0.1^0.5), in
bipolar compared with unipolar depression. Rapid cycling and switch into mania
occurred only in bipolar depressives.

The development of rapid cycling andmanic switching seem tobe commonwhen
treating depression in bipolar patients with an antidepressant alone, although they
may be somewhat less likely with modern antidepressants or when used in conjunc-
tionwith mood stabilizers (Bottlender et al., 2001; Ghaemi et al., 2001; Nemeroff et
al., 2001; Altshuler et al., 1995), but controversy remains in this area (Henry et al.,
2001; Preda et al., 2001; Post et al., 2001; Goldberg andTruman 2003).Traditional
wisdom suggests that the risk of antidepressant-induced switch is one-third of that
seen withTCAs (11.2%) andwith SSRIs (3.7%) (Peet,1994). However, recent data
from the STEP-BD programme suggest that this may be an underestimate of the
risk, especially in patients who have already shown at least one previous manic
switch, in which the lowest switch rates were seen with MAOIs and mirtazapine
(Truman et al., 2003) (Table 10.3). Risk factors of switch include multiple previous
episodes of illness and being female (Boerlin et al.,1998); a history of previous drug
induced switch (Fogelson et al.,1992); andmultiple previous antidepressant trials or
comorbid alcohol abuse (Goldberg andWhiteside, 2002). Some risks apply only to
particular drugs: increased risk in early onset cases may apply only to TCAs,
increased risk in those with a bipolar family history only with SSRIs (Howland,
1996); and the risk of switch withTCAs may be greater in bipolar II than bipolar I,
with the reverse being the case with MAOIs (Boerlin et al., 1998; Himmelhoch et
al., 1991). The genotype of the serotonin transporter protein gene may confer
vulnerability to switch, the short formbeing associatedwith violent suicide, anxiety
and SSRI response in addition to switching (Mundo et al., 2001).

Most treatment guidelines still advise against treatment of the acute depressive
phase of bipolar illness with an antidepressant alone and advise that, in previously
unmedicated non-psychotic individuals, treatment should commence with a mood
stabilizer as monotherapy (Francis et al., 1998; American Psychiatric Association,
2002). Where this monotherapy is inadequate, Young et al. (2000) advocate the
addition of a second mood stabilizer. The British Association of Psychopharma-
cology guidelines (Goodwin, 2003) advise initiation of an SSRI antidepressant
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combined with lithium, valproate or an antipsychotic. The rationale for this is the
avoidance of manic switch or precipitation of rapid cycling which may be caused by
an antidepressant used alone. Thase and Sachs (2000) suggest that the intrinsic
antidepressant effect of some mood stabilizers used alone may be an adequate treat-
ment, andwhere it is not, a mood stabilizer will be required anyway as prophylaxis
against recurrence of either phase of illness. They also suggest that antidepressant
monotherapy may be contraindicated only in bipolar I depressives, and safe in
bipolar II individuals.

Where antidepressants are used in bipolar depression, second-generation drugs
or MAOIs are usually favoured. Monotherapy with SSRIs has in general been
foundto produce response in 60^65%of bipolar cases althoughthis is less consistant
with paroxetine where Nemeroff (2001) showed a failure of both paroxetine and
imipramine to differentiate from placebo when added to lithium (although paroxe-
tine was more effective than placebo or lithium where lithium plasma levels were
50.8mmol/L), andVieta (2002) showed low response rate for both paroxetine and
venlafaxine (43% and 48% respectively). Himmelhoch et al. (1991) showed tranyl-
cypromine to have a response rate of 81% compared to 48% with imipramine, in
line withThase et al. (1992a) who showed a tranylcypromine response rate of 75%.

Bupropion has found itself a niche for treating bipolar depression, based on scant
evidence. A small double-blind study by Sachs et al. (1994) compared nine patients
taking bupropion with 10 taking desipramine, with a 55% response rate with the
former and 50% response rate with the latter drug, although the switch rate was low
at11%with bupropion compared to 50%with desipramine. An open label study of
six bipolar II patients showed no switch and 100% efficacy (Haykel and Akiskal,
1990). Add-on studies supplementing existing antidepressant or mood stabilizer
treatment with bupropion have also suggested efficacy (Erfurth et al., 2002).

Where an antidepressant is used in combination with a mood stabilizer, recent
evidence suggests that the recurrence rate over one year increases very considerably
if the antidepressant is discontinued (Altschuler et al., 2003), although preliminary
one-year results for a five-year outcome study of discontinuation do not confirm this
(Hsu et al., 2004).

Most North American treatment guidelines still caution against the use of antide-
pressants as first-line treatment. The American Psychiatric Association guidelines
(Hirschfield et al., 2002), Francis et al. (1998) and Sachs et al. (2000) all advocate
initial use of lithium or valproate preparations (divalproex in most US studies) as
first-line treatment in acute bipolar depression. Lithium is generally favoured over
divalproex as, although both treatments are effective in mania, only the former has
unequivocally demonstrated efficacy in bipolar depression. However, a systematic
review of nine early placebo-controlled crossover designed studies of lithium in
acute bipolar depression (Zornberg and Pope,1993) showed only a modest response
rate of 36%. Divalproex monotherapy has not yet been extensively studied in
controlled randomized studies, although in a review of four open label studies the
response rate of 30% appears to be comparable to lithium treatment (McElroy and
Keck,1993).
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Two key studies suggest that monotherapy with lamotrigine, at doses of between
50 and 300mg daily, is an effective and generally well-tolerated treatment for an
acute episode of bipolar depression. Calabrese et al. (1999) treated 195 patients
with bipolar I depression in an RCTcomparing three treatment arms, lamotrigine
50mg/day or 200mg/day, or placebo, over seven weeks. The two lamotrigine
groups were well tolerated and both showed superior efficacy to placebo, with a
trend in favour of the 200-mg/day group, but because of gradual titration the high
dose group only had threeweeks on the top dose, so a longer studymayhave showna
dose^response relationship. Switch rates were similar between groups (placebo
5%, lamotrigine 50mg/day 3%, lamotrigine 200mg/day 8%). Headache was the
only notable side effect in the lamotrigine groups.

Frye et al. (2000) conductedanRCTinpatientswith treatment refractorybipolar
disorder in various phases of illness. Patients were randomized in a series of cross-
over trials to six weeks’ treatment with lamotrigine (mean dose 274mg/day),
gabapentin (mean dose 3987mg/day), or placebo. The lamotrigine group showed
significant reductions in depressive symptoms compared to patients on placebo.

ECThasbeen extensively used inbipolar depression, withmany studies performed
from the mid-1960s to the late 1980s; the majority of these found ECTsuperior in
efficacy to TCAs or MAOIs. It has not been systematically compared to newer
antidepressants, antidepressant combinationswithmood stabilizers or antipsychotics.

A recent development has been evidence for the mood stabilizing effects of
atypical antipsychotics. At present, the only atypical antipsychotic studied in the
depressive phase of bipolar illness is olanzapine. An RCT in bipolar depression
compared olanzapine (5^20mg/day, mean dose 9mg/day), one of three fixed-dose
combinations of olanzapine (mean dose 7mg/day) and fluoxetine (mean dose
38mg/day) (olanzapine/fluoxetine combination, OFC), and placebo in an eight-
week trial among 833 patients with bipolar I depression with an initial MADRS
score520 (Tohen et al., 2003).This was the first RCT to show the efficacy of mono-
therapy with anatypical antipsychotic in acute bipolar depression. Active treatment
arms showed significantly bigger decrease in depressive symptoms than did the
placebo group, beginning at week 1, with the OFC group showing significantly
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TABLE 10.3 Rates of switch into mania after antidepressant treatment in patients with 51
previous manic switch studied in the STEP-BD programme (afterTruman et al., 2003)

DRUG n Switch rate (%)

MAOIs 14 14
Mirtazapine 14 16.7
Nefazodone 29 17.2
Venlafaxine 38 26.3
ECT 14 28.6
Bupropion 67 34.3
Heterocyclics 34 38.2
SSRIs 67 58.2



larger decrease in MADRS total scores than the olanzapine only group at weeks 4,
6, and 8. Remission (550% decrease in MADRS score) was seen in 24.5% of
patients on placebo, 32.8% of the olanzapine group, and 48.8% of the OFC group.
There were no significant differences in switch rates. However, significantly more
patients in the active treatment groups than in the placebo group had weight gain,
appetite increase, dry mouth and asthenia.

Space does not permit a discussion of maintenance treatments for bipolar illness.
An adequate mood stabilizer will prevent relapse into either depression, mania or
hypomania, will not promote switching or rapid cycling and will treat both the
manic/hypomanic and the depressive acute phases of illness (ECNP consensus
2000).Table 10.4 shows putative mood stabilizers and their efficacy in the different
phases of bipolar illness and in preventing switching or rapid cycling.There is some
evidence of yet more subtle distinctions, for example lithium may be less effective
where depression is the first presentation in a new episode after a period of
euthymia, rather than mania.

Psychological Treatments for Bipolar Disorder

Psychoeducation

Both brief and more extensive individual psychoeducational interventions have
been shown to improve knowledge and attitudes to mood stabilizing medication
(Soares et al.,1997; Colomet al.,1998) but there is little direct evidence of improved
medication concordance.

Cognitive-BehaviourTherapy

Four RCTs have examined efficacy in bipolar patients. Perry et al. (1999) showed
reduced relapse only for manic episodes at 12 and 18 months following 17^20
sessions, with improved social functioning and employment. Scott et al. (2001)
showed stronger effects for preventing relapse for depression than mania, but the
interventionwas amixture of up to 25 sessions of CBTwith additional psychoeduca-
tion. Lam et al. (2000, 2003) showed reduction in episode number for depression,
mania andhypomaniawith improvements inmood, social functioningandmedica-
tion concordance at six months after 12^20 sessions of mixed CBT and
psychoeducation. Zaretsky et al. (1999) compared CBT in bipolar and unipolar
depressives after 20 sessions using the Basco and Rush (1996) therapy manual.
There was improvement in mood in both groups. All these studies showed evidence
of effectiveness but are small and do not adequately control for therapist time.

Two further studies have reported group CBT interventions (Palmer et al., 1995;
Patelis-Siotis et al., 2001). Symptomatic improvement was reported in both but

330 _________________________________________________________________________________________ A. S. HALE



there was no follow-up data and so there is no evidence of benefit in preventing
relapse.

Interpersonal and Social RhythmTherapy

This technique is a modification of the IPT technique used with unipolar depres-
sion, with a focus on defining problems, emotional processing, and problem
solving, over 12^20 sessions (Frank et al., 1994). In the first outcome study Frank et
al., 1997 report that therapy stabilized social rhythms relative to ‘normal clinical
management’ controls, but a later study by the same group failed to replicate this,
but showed benefit for subsyndromal symptoms (Frank,1999, 2001).

FamilyTherapy

Zaretsky (2004) has shown that focused family therapy is more effective than crisis
management in the treatment of bipolar depressives. Benefits for family-focused
treatment (FFT) have been shown to reduce relapse rates for bipolar depressives
stable on medication, in two sub-analyses of a controlled study where two psycho-
education sessions and as required crisis management were offered to the control
families (Simoneau et al., 1999; Miklowitz et al., 2000). However, as the treatment
group received 21sessions of the full package, therapist exposurewas not adequately
matched. A two year follow-up (Miklowitz et al., 2003) showed that the FFTgroup
had a lower relapse rate (35% vs. 54%) and better episode-free survival intervals
(73.5�28.8 vs. 53.2�39.6 weeks) than controls (odds ratio, 0.38 CI 0.20^0.75). FFT
also produced greater improvement in mood and better medication concordance.

VanGent and Zwart (1991) showed brief psychoeducational joint marital treat-
ment to decrease relapse at follow-up in a small sample with nonspecific outcome
assessment. Honig et al. (1997) showed that a eight-session family psychoeduca-
tional intervention was able to reduce expressed emotion (EE) in a small subgroup
of relativeswhohad high EEatbaseline in amoderately sized study, but they did not
report symptomatic benefit for the patient.

Psychoanalytic Psychotherapy

Jones (2004) reviews the evidence for a psychoanalytic approach to bipolar disorder
and finds it to be impressionistic and based on a few very small case series. Joffe
(2002) comes to similar conclusions: ‘the use of psychodynamically orientated
psychotherapy was widely practiced with uncertain results’.

GroupTherapy

Jones (2004) reviews four studies of group psychotherapy in bipolar patients, all of
which were open trials and only one used blind assessment. Two of the studies
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reviewed, reporting on mixed bipolar and schizophrenic patient groups, showed
reduced average rates of relapse at follow-up.The other two studies reported posi-
tive outcomes in terms of subjective benefit or group attendance and did not assess
clinical outcome.These loose studies of generally open groups give mainly impres-
sionistic support for the intervention and do not define clearly the necessary
duration of treatment or elements of therapy. Four of the five studies reviewed by
Joffe (2002) were not covered byJones. Some showed reduced hospitalization rates
aswell as improved concordance. Joffe concludes‘nonetheless, group psychotherapy
of various types appears to be useful as an adjunct to medication in the treatment of
various phases of bipolar illness including depression’.

CONCLUSIONS

Advances in both pharmacological and psychotherapeutic treatment of depressive
disorders have led to a clearer understanding of the benefits of selected treatments
and combinations of treatments in different disorders and different phases of the
disorders. For unipolar major depression, the initial treatment of choice remains
antidepressants, and SSRIs and other newer compounds have rapidly replaced
older drugs due to improved tolerability and safety in overdose. There are some
doubts about the potency of SSRIs in the most severe cases, but venlafaxine and
mirtazapine are proving useful alternatives to older tricyclic drugs in these cases.
The need not only for adequate duration of continuation treatment, to prevent
relapse within an episode, but also for maintenance treatment for many years in
some recurrent depressives, is now understood and efficacy for both these purposes
is now established for many antidepressants. However, it is also apparent that many
patients still prefer talking therapy to drugs, and there is nowamuch clearer under-
standing of the place of brief psychotherapies in the management of milder
depressive episodes, and as augmentation treatment with antidepressants. For
bipolar disorder, the depressive phase of illness remains difficult to manage and
there is ongoing debate about the place for antidepressants in the acutemanagement
of the disorder. A range of newer mood stabilizers now have evidence for efficacy
and it has recently become apparent that atypical antipsychotics have considerable
efficacy as mood stabilizers.The advent of the first depot preparation of an atypical
antipsychotic may have important implications for maintenance treatment in poor
compliers, but will not replace the need for psychological interventions including
psychoeducational approaches.
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INTRODUCTION

In Freud’s classic paper ‘Mourning and Melancholia’ (Freud, 1917), melancholic
depression was conceptualized as internalized anger about the emotional loss of
the mother during childhood. In 1923, Freud revised his theory of depression in his
publicationThe Ego and the Id (Freud,1923), in which he postulated that melancholic
patients have a stringent superego, whichwould install strong feelings of guilt about
aggressive thoughts and behaviours towards loved ones (see Gabbard, 2000). Lloyd
Silverman (1976, 1985) attempted to empirically test Freud’s theoretical notions of
depression. Silverman reasoned that when depression is the result of anger towards
loved ones, confrontation with this repressed material would lead to an increase of
depressive symptoms. In one of his experiments, female depressed patients were
confronted with neutral (e.g., ‘people walking’) and aggressive statements (e.g.,
‘destroy mother’).These statements were presented subliminally, which means that
patients were not consciously aware of the content of the statements due to a very
brief exposure time. A measure of depression was completed before and after the
presentation of the statements. In line with Silverman’s expectations, subliminally
presented aggressive statements, but not neutral statements, enhanced patients’
depression scores. Although these findings at first sight seem to be in line with the
psychoanalytic theory of depression, it is important to note that there are alternative
and more plausible explanations for these results. More precisely, Silverman’s
findings can be well explained in terms of an emotional priming effect. That is,
presenting negative stimuli may prime individuals towards a negative mood,
which is reflected in elevated depression scores. As an aside, it should be mentioned
that attempts to replicate Silverman’s findings have been largely unsuccessful (e.g.,
Oliver and Burkham, 1982). Thus, altogether, there is little evidence for the
empirical basis of the psychoanalytic theory of depression. This does not mean,
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however, that the discipline of psychology canbe discarded in the case of depressive
psychopathology.

The learning theoretical perspective and the cognitive-behavioural perspective
of depression have a clearly formulated theoretical foundation, which has formed
the basis for experimental research and contributed to our knowledge of the treat-
ment of depressed patients. Although psychological interventions for depression
have traditionally been regarded as difficult and unrewarding due to the relentless
negativism, lack of energy, and low motivation of the depressed patient (Hammen,
1997), several effective psychotherapeutic treatments for depression have been
developed in the past decades. In this chapter, we explore three of the most widely
used psychological treatment interventions for depression, namely behavioural
therapy, cognitive therapy, and interpersonal psychotherapy.The term‘depression’
refers in this chapter to major depressive disorder and dysthymic disorder. For each
intervention, the theoretical background is briefly described and the content of
treatment and its goals are discussed.We conclude this chapter with a comprehen-
sive overview of research on the effectiveness of these types of psychological
treatment.The fact that we focus on these three psychological treatments does not
imply that other methods (e.g., psychoanalytic psychotherapy) are inferior, only
that they have not been as widely studied and evaluated.

BEHAVIOURALTREATMENT

Theoretical Foundation

Lewinsohn’s ReinforcementTheory

Froma learning theoretical perspective, depression shouldbe viewed as the result of
a specific learning history. In particular, operant learning processes are assumed to
play a key role in the pathogenesis of depression. Skinner (1953) was probably the
first who launched the idea that depression can best be regarded as a diminution of
the frequency of normal behaviour. In terms of his operant theory of learning, this
diminution is caused by a decrease in positive reinforcement of that behaviour. In
terms of the ‘law of effect’, normal behaviour simply extinguishes because it is not
followed by positive consequences.

This point of view was elaborated most extensively by Lewinsohn (1975) in his
learning theory of depression. According to this theory (which is comprehensively
discussed by van Son and Hoevenaars,1998), there are two types of stimuli that are
associated with the emergence of feelings of dysphoria, fatigue, and other somatic
complaints. The first type of stimulus involves a deficit of positive reinforcement
and the second type is concerned with the administration of punishment. In terms
of learning theory, both types of stimulus are regarded as unconditioned stimuli
that irrevocably elicit the unconditioned response of depression.
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The lack of positive reinforcement may be caused by a number of factors. First, it
may well be the case that, for some reason, there are nopositive reinforcers available
in the depressed patient’s environment. Otherwise, the deficit in reinforcementmay
be due to the fact that the person has not learned the behaviour to acquire positive
reinforcement. In this context, one should especially think about persons who have
not learned adequate social skills and as a result elicit few positive reinforcers in
interaction with other people (i.e., social reinforcers). A final possibility is that the
person has not learned to actually view positive consequences as reinforcers. In a
similar vein, the increase of punishment may be provoked by a triad of factors.
First, the person may live in an environment that is characterized by high levels of
aversiveness and punishment. Second, the person displays behaviour that elicits
aversive reactions in the environment.Third and finally, the person has learned to
interpret a lot of events as aversive or as punishment (see Figure11.1).

Taken together, low levels of reinforcement and high levels of punishment may be
the result of a constellation of environmental and personal features as can be
illustrated in the following example of a depressed adolescent.

Jim is seventeen years old as he is diagnosed with a severe major depressive disorder.
The boy is shy, has no friends, and has always found it difficult to make contact with
peers. At home, he lives with his depressed mother, an irritable woman who has always
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criticized and punishedJim for almost everything he does. His father was quite different.
He was Jim’s buddy and used to do all kinds of pleasurable activities with him.
Unfortunately, father died in a car accident, about one year ago. AlthoughJim has coped
adequately with this loss, he misses father almost every day. At school, his performance is
deteriorating. One of his teachers has tried to approach him, but Jim refused his help:
‘Why do you pick on me? There are other students who do worse!’

Lewinsohn’s (1975) theory does not only account for the emergence of the
depression, but also for the continuation of the disorder. That is, the first sign of a
depression frequently involves a dejected or dysphoric mood and the environment
usually reacts with sympathy and concern, thereby unintentionally reinforcing the
depressive behaviour and thus enhancing its frequency. As time goes by, the depres-
sive behaviour will increasingly elicit aversion in the environment and people will
start to avoid the depressed patient.This further decreases the level of reinforcement
and aggravates the depression.

Others have formulated variations of Lewinsohn’s learning theory of depression.
For example, Costello (1972) has suggested that it is not a decrease in the amount of
reinforcement that gives cause to a depression, but rather a decline of the value or
attractiveness of reinforcers, which has been labelled as ‘loss of reinforcer-
effectiveness’. In a similar vein, Rehm (1977) argues that depressed patients have a
negative viewof themselves and as a consequence frequently evaluate their behaviour
in a negativeway. In terms of learning theory, depressedpatients canbe characterized
by low levels of self-reinforcement and high levels of self-punishment.

Seligman’s Learned Helplessness Model

A final theory that should be mentioned when discussing learning theory models of
depression, is Seligman’s (1974, 1975) initial formulation of the learned helplessness
theory.This view was based on observational experiments of animals who received
electric shocks in two different situations. In the first part of the experiment, some
dogs were put in a box with electric grids in the flooring and subjected to numerous
painful electric shocks from which they could not escape. In the second part, these
animals as well as dogs who did not have this prior experience with inescapable
shock, were placed in a similar box. However, there was one important difference:
that is, painful shock could be avoided by jumping over to another compartment of
the box as soon as the dogs heard a warning signal (e.g., a buzzer). Seligman
observed that the behaviour of the dogs was markedly affected by whether they
were previously exposed to inevitable shock. Animals who did not have the earlier
experience became quite upset when they received the first electric shocks, but soon
learned to jump to the other compartment when they heard thewarning signal (i.e.,
conditioned stimulus), thereby avoiding further painful shocks. In contrast, the
animals that had prior experience with inescapable shock behaved quite differently.
Soon after receiving the first shocks, they stopped running around in a distressed
way. Instead they seemed to give up and passively accepted the painful stimulation.
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Not surprisingly, they did not acquire the avoidance response adequately: in fact,
they lay down in a corner and whined. Apparently, these animals seemed to have
acquired a ‘sense of helplessness’ when confronted with uncontrollable stressful
stimulation.This helplessness later seriously affected their performance in stressful
situations that could be controlled. They appeared to lose their ability and
motivation to learn to respond in an effective way to painful stimulation.

Seligman (1974,1975) noted clear similarities between the learned helplessness of
animals and human depression. He proposed that the disconnection of behaviour,
on the one hand, and the receipt of reinforcement and punishment, on the other
hand, plays a key role in the pathogenesis of depression. Like the helpless animals,
depressed patients appear passive in the face of stress and fail to initiate action that
may allow them to deal with the aversive situation.

Althoughthe learning theoretical formulations as put forwardby Lewinsohn and
Seligman seem to cover some important aspects of depression, it is also clear that
both models have significant shortcomings in explaining the full depressive
syndrome. As a result, both theories have been revised repeatedly, mostly by
incorporating elements of the cognitive theory. An example can be found in the
next section, in which we will briefly address the cognitive-learning formulation of
Seligman’s learned helplessness theory of depression.

Content of Treatment

Given the focus of learning theories of depression on reinforcement and punish-
ment, the major goal of behaviourally oriented treatments involves increasing the
positive reinforcement and decreasing punishment received by the depressed
patient. In this context, a number of different treatment approaches have been
described, all of which share this common goal. Furthermore, behavioural
approaches to the treatment of depression share a number of other commonalities
(Hoberman and Lewinsohn,1985). For example, depressed patients are required to
monitor activities, mood, and thoughts.Theyare encouraged to set achievable goals
in order to ensure successful early experiences, and to give themselves rewards for
attaining these goals. Finally, most behavioural approaches involve training
designed to correct various performance and skill deficits of depressed patients.

Increasing Pleasant Activities

This behavioural approach consists of four steps. First, the depressed patient
receives a clear account of the rationale of this treatment approach.Mood is directly
associated with behaviour. For example, when you do something pleasurable, you
feel good. But when you do something unpleasurable, you feel bad. People can
influence their mood by changing their behaviours. As a depressed person, your
activity level is probably rather low. As a result, you also engage in few positive
activities and as a consequence your mood deteriorates. The purpose of this treat-
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ment is to increase the frequency of your positive activities, thereby eventually
improving your mood.

The second step in this treatment involves self-observation.The depressedpatient
is instructed to find out which activities have either a positive or a negative effect on
mood.This is donebymeans of a diary inwhich the patient rates the pleasurableness
and mood associated with various activities. The purpose of this step is to
demonstrate the patient that there is a clear link between behaviour and mood.

The third step is concerned with the identification of activities, events and
persons that are potentially reinforcing for the patient. The Pleasant Events
Schedule (PES; MacPhillamy and Lewinsohn, 1971) may be a useful tool for this
purpose.The PES is a questionnaire consisting of 320 items describing interactions
with the environment that many people find to be pleasant (e.g., being with friends,
being told that you are loved, going to a restaurant, having sex). The patient first
indicates the frequency of each event’s occurrence during the past month and then
rates the subjective enjoyability of the event. In this way, the individual’s rate of
engagement in person^environment interactions, his/her potential for positive
reinforcement, as well as the total amount of experienced positive reinforcement
canbe assessed.Most importantly, scores on the PES canbe used to provide an indi-
vidualized list of ‘target’pleasant events.

The fourth and final step is concerned with the actual increase of pleasant
activities. The therapist selects activities that according to the PES do occur and
provide a high level of reinforcement, and then stimulates the patients to engage in
these activities by giving him/her homework assignments.

Social SkillsTraining

Based on the assumption that depressed patients display deficits in their social skills
and as a consequence elicit low levels of positive reinforcement and high levels of
punishment (see supra), it has been suggested that social skills training canbe useful
in the treatment of these patients. A good example of such a training is the
programme developed by Becker et al. (1987). This programme focuses primarily
on three specific behavioural repertoires that appear to be particularly relevant to
depressed patients: negative assertion, positive assertion, and conversational skills.
Negative assertion involves behaviours that allow persons to stand up for their
rights. Thus, training in negative assertion concerns learning how to refuse
unreasonable demands, how to request others to change their inconvenient
behaviour, and how to compromise and negotiate solutions. Positive assertion refers
to the expression of positive feelings about others, as well as offering appropriate
apologies. Conversational skills involve initiating conversations, asking questions,
making appropriate self-disclosures, and ending conversations gracefully. In all of
these areas, depressed patients are given direct behaviour training as well as
training in social perception. Next, patients are encouraged to practise the skills
and behaviours across different situations, interacting with various persons
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(strangers, family members, friends, people at work/school). Finally, depressed
patients are trained to evaluate their behaviour more objectively and to administer
appropriate self-reinforcement.

This section has describedanumber of frequently employedbehavioural treatment
approaches for depression. All these treatments focus on changing the patient’s
interaction with the social environment in order to increase the amount of received
positive reinforcement. Available evidence indeed suggests that there is little doubt
about the effectiveness of these interventions (Gotlib and Hammen, 1992):
increasing pleasant activities and social skills trainingboth typically lead to a signif-
icant reduction of depressive symptomatology. In clinical practice, pure behaviour
treatment of depression is not frequently provided. In most cases, this treatment is
combined with cognitive elements, whichwill be the focus of the next section.

COGNITIVE THERAPY

Theoretical Foundation

In the past decades, psychopathology researchers have increasingly advocated the
use of diathesis^stress models for understanding the development of depression.
The basic idea of this model is that individuals, who eventually develop depression,
differ in some underlying way from those who do not become depressed. This
underlying difference is referred to as their diathesis (or predisposition). Among
those with the diathesis, only those who experience stress will actually develop the
disorder. Originally it was assumed that the diathesis was constitutional or
biological in origin (e.g., Meehl, 1962; Rosenthal, 1963), but depression researchers
have also proposed diatheses that are cognitive in nature (e.g., Metalsky et al.,
1982). Two diathesis^stress models in which cognitive diatheses are conceived as
important vulnerability factors for depression (i.e., the cognitivemodel as proposed
by Beck (1967) and the reformulated helplessnessmodel of depression) are discussed
here.

The CognitiveTheory of Beck

The first cognitive diathesis discussed here was provided by Aaron T. Beck, a
psychiatrist who became disenchanted with psychodynamic theories of depression
early in his career and later developed his own cognitive theory of depression. A
central tenet of this theory is the presence of depressogenic schemas. A schema is
an organized representation of knowledge about a concept or about some
stimulus, which is helpful in guiding the processing of current information. At
the basis of depressogenic schemas, individuals have negative dysfunctional
beliefs or depressogenic assumptions that are rigid, extreme, and counterproduc-
tive. An example of a dysfunctional belief is ‘To be happy, I must be accepted by
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all people at all times’ (Beck, 1976). A psychosocial stressor merely serves to acti-
vate these depressogenic schemas with dysfunctional beliefs that have previously
been dormant. Thus, the schemas and beliefs are thought to serve as the under-
lying diathesis or vulnerability to develop depression, although they may lie
dormant for years in the absence of significant stressors. When current stressors
activate depressogenic schemas, the negative cognitive triad becomes apparent
and is experienced by the depressed individual in the form of negative automatic
thoughts. These thoughts involve unpleasant pessimistic predictions centred on
the three themes of the negative triad: (a) negative thoughts about the self
(e.g., ‘I’m nothing’); (b) negative thoughts about one’s experiences and the
surrounding world (e.g., ‘People don’t like me’); and (c) negative thoughts
about one’s future (e.g., ‘It’s hopeless because things will always be this way’).
As a consequence of the negative cognitive triad, a depressed individual may
experience affective (e.g., depressed mood), behavioural and motivational (e.g.,
withdrawal from social activities), cognitive (e.g., worrying), and physical symp-
toms (e.g., change in appetite and sleep). Figure 11.2 illustrates Beck’s cognitive
theory of depression: activation of dysfunctional beliefs may lead to negative
automatic thoughts (cognitive triad), which may in turn induce affective, beha-
vioural and motivational, cognitive, and physical symptoms. These symptoms
serve to maintain the negative automatic thoughts.

Recent extensions of the cognitive theory elaborate on the notion of specific
vulnerability. Two types of schemas (belief systems) have been proposed that may
interact with two classes of stressors to provoke a depressive reaction (Beck, 1983,
1991; Sacco and Beck, 1995).‘Sociotropy’ refers to the tendency to value closeness,
acceptance, dependency, and sharing. Individuals whose cognitive schemas are
highly developed around sociotropic themes should be more likely to become
depressed when confronted with sociotropic trauma, such as social deprivation or
rejection. ‘Autonomy’ refers to the tendency to value independent functioning,
mobility, choice, and achievement. Individuals whose cognitive schemas are highly
developed around autonomous themes are expected to be vulnerable to depression
when exposed to stressors such as failure or immobilization.

Along with dysfunctional beliefs that fuel the cognitive triad once they are
activated, Beck also postulates that the negative cognitive triad tends to be
maintained by a variety of cognitive biases or distortions. The cognitive biases
are listed below:

(1) Dichotomous thinking (i.e., a tendency to think in black-or-white or all-or-
nothing).

(2) Selective abstraction (i.e., a tendency to focus on a negative detail in a situation
and to conceptualize the entire experience on thebasis of this negative fragment).

(3) Arbitrary inference (i.e., jumping to a conclusion based on minimal or no
evidence).

(4) Overgeneralization (i.e., a tendency to drawa conclusion froma single perhaps
rather unimportant event).
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(5) Magnification and minimization (i.e., a tendency to overestimate the signi-
ficance or magnitude of undesirable events, and to underestimate the
significance or magnitude of desirable events).

(6) Personalization (i.e., a tendency to relate external events to oneself without
evidence).

Although the cognitive theory of depression is focused on an intrapsychic
mechanism to describe the development and maintenance of depression, the role of
interpersonal factors in depressive disorders is also acknowledged (Beck et al., 1979;
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Beck, 1988, 1991; Sacco and Beck, 1995). The role of interpersonal factors will be
discussed in the next section on interpersonal psychotherapy.

The Reformulated HelplessnessModel of Depression

Beck’s theory originated from his clinical observations of the pervasive patterns of
negative thinking in depressed patients. The reformulated learned helplessness
model of depression, the second cognitive diathesis discussed here, was based on
observations in an animal research laboratory (see supra).The central tenet of this
model is a depressogenic attributional style. Seligman (1974, 1975) first proposed
that learned helplessness might provide a useful model for depression. Abramson
and colleagues proposed a reformulated helplessness theory (Abramson et al.,
1978). They theorized that people with a depressive or pessimistic attributional
style, which involves a tendency to make internal, stable, and global attributions
for negative (uncontrollable) events, are prone to experience depression following
a negative life event. A pessimistic or depressive attribution for receiving a low
grade on an exam, for example, would be ‘I’m stupid’. The cause is internal (‘I’),
stable (intelligence is not likely to change much) and global (stupidity is likely to
affect a wide range of issues in one’s life). A more optimistic attribution for the
same event would be ‘The teacher made up the test in a bad mood and made it
especially difficult’.The cause is external (the teacher), unstable (the teacher hope-
fully is not always in a bad mood), and specific (only the teacher on this course)
(Carson et al., 1996). Thus, individuals who have a pessimistic or depressive
attributional style (diathesis) are at risk for depression when faced with uncon-
trollable negative events. In 1989, a further revision of this theory was presented,
known as the hopelessness theory (Abramson et al., 1989). The revised theory
implies that a pessimistic or depressive attributional style in conjunction with one
or more negative uncontrollable events may not be sufficient to produce depression
unless one has first experienced a state of hopelessness.Thus, depressed individuals
may have no control over what is going to happen and have the absolute certainty
that an important bad outcome is going to occur or that a highly desired good
outcome is not going to occur.

CognitiveTherapy

Based on the cognitive approach of Beck and colleagues (Beck et al.,1979), a depres-
sion-specific psychotherapy has been developed (see for a detailed overview Sacco
and Beck,1995).This form of psychotherapy also accounts for the attributional style
that depressed individuals have. Three assumptions underlie cognitive therapy
interventions. First, a depressed individual’s affect and behaviour are largely
determined by the way in which he or she views the world. Second, cognitions can
be self-monitored and communicated. Third, modification of cognitions should
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lead to changes in affect andbehaviour (Sacco and Beck,1995). Cognitive therapy is
a short-term treatment (15 to 25 sessions of about 50 minutes at weekly intervals)
that focuses on here-and-now problems.

The first step in a cognitive therapy is to provide a rationale for the treatment. A
therapist can do this by providing the following hypothetical situation. Suppose
someone is lying in bed at night and suddenly, there is a noise. This person who is
lying in bedmay think: ‘There is a burglar in the house’.Then the therapist may ask
the depressed patient: ‘What would this person feel and what would he or she do?’
After the patient has provided an answer to this question, the therapist may
continue: ‘Suppose the person in bed thought that the cat threw the vase. What
would this person feel and do?’ By means of this example, the relations between
thoughts, feelings and behaviour are explained.

The second step in cognitive therapy for depression has to do with the identifica-
tion of automatic negative thoughts. Depressed individuals are often unaware of
these thoughts and once they are brought to their attention, they consider them as
accurate representations of reality, even though they are often unreasonably nega-
tive. Diaries can be used for self-monitoring automatic thoughts and the associated
feelings andbehaviours. In the process of identificationof automatic thoughts, colla-
borative empiricism can be applied, in which unrealistic thoughts are raised as
tentative hypotheses, to be tested by data-gathering techniques, such as homework
assignments. The therapist encourages the depressed patient to identify automatic
thoughts but does not argue the reasonableness of these thoughts.

The third step involves challenging the reasonableness of the automatic thoughts.
On this step, the depressed patient is taught to think as a scientist who tests the
hypothesis that the automatic thoughts are illogical and inaccurate. The cognitive
biases or distortions that lie at the basis of the negative automatic thoughts are
identified and corrected. The therapist may use Socratic dialogue to examine the
logic or the premises on which conclusions are based. Behavioural experiments are
designed to gather data bearing on the validity of the automatic thought.The cred-
ibility of each of the thoughts can be measured (from 0 to 100%) before and after
such an experiment, so that depressed individuals learn to distance themselves from
their thoughts. Alternative interpretations are obtained by means of a‘brainstorm’.
Depressed patients also learn to recognize their tendency to attribute the cause of
negative events erroneously to internal, stable, and global factors. Next, depressed
patients are taught to ask themselves what would happen if their worst fear would
come true. This confrontation with the worst case scenario, makes depressed
patients realize that they can cope with negative events and that these events occur
to all people. Often depressed individuals gain a more realistic perspective. Finally,
depressed patients learn to substitute more reasonable interpretations for the
irrational negative automatic thoughts. They are encouraged to write down their
dysfunctional thoughts and to formulate rational counter-responses, rather than
simply processing them in their minds.

The fourth step consists of the identification of the dysfunctional beliefs (or
depressogenic assumptions) that make up the core of a schema. Dysfunctional
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beliefs are also termed ‘silent assumptions’, as depressed individuals are often
unaware of the existence of these beliefs. Identification of dysfunctional beliefs
usually occurs as a product of the examination of automatic thoughts. Modification
of these beliefs involves the same process as modification of negative automatic
thoughts. Dysfunctional beliefs are less accessible when the depressed individual is
no longer experiencing the depressive disorder. Thus, it is important to begin the
process of identifying these underlying beliefs while symptoms are still present
(Sacco and Beck,1995).

In sum, cognitive therapy consists of highly structured systematic attempts to
teach individuals with depression to evaluate their beliefs and negative automatic
thoughts. Patients are also taught to identify and correct biases or distortions of
information processing, and to uncover and correct their underlying depressogenic
assumptions. Cognitive therapy heavily relies on an empirical approach, in that
patients are taught to treat their beliefs as hypotheses that can be tested through
the use of behavioural experiments.

INTERPERSONALTHERAPY

Theoretical Foundation

Interpersonal therapy (IPT) is a symptom-directed, time-limited, individual
psychotherapy method that has been developed by Klerman et al. (1984). IPT is
an intervention with an eclectic character, which means that this method borrows
theoretical notions and treatment principles from various other psychotherapeutic
schools.Thebasic assumption of IPTis that the interpersonal context plays a crucial
role in the pathogenesis of depression. Although not supported by an idiosyncratic
theory about the origins of depression, there are several empirical findings showing
that difficulties in the social and interpersonal context are associated with
depression.

AttachmentTheory

Early in life, children develop an attachment relationship to the caregiver. More
specifically, through interactions with primary caregivers, children develop expec-
tations about their caregivers’ availability, which serve as the basis for internal
working models of the self and the other.When experiences lead to the expectation
that caregivers will be loving and responsive, children develop amodel of the self as
loved and valued, and a model of the other as warm and loving (Bretherton, 1985).
This confidence allows children to develop secure strategies for seeking out their
caregivers when distressed or in need, with the expectation that their needs will be
met. In contrast, when children have experiences that lead them to expect care-
givers to be rejecting or unreliable, they develop a model of the self as unloved and
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rejected, and a model of the other as unloving and rejecting.These children do not
expect that caregivers will be available when needed, and they develop alternative,
insecure strategies for coping with their distress.

Bowlby (1969) assumes that attachment status (i.e., secure vs. insecure) and
associated working models provide the foundation for all later social relationships.
Indeed, research has shown that insecurely attached individuals are more likely to
have interpersonal problems than their securely attached counterparts (see Cassidy
and Shaver, 1999). Moreover, there is abundant evidence showing that insecure
attachment is associatedwith high levels of depression symptoms or even depressive
disorders (e.g., Bifulco et al., 2002). Altogether these findings seem to indicate that
interpersonal problems mediate the link between insecure attachment and
depression, a conclusion that is in keeping with the basic assumptions of IPT.

Social OriginsTheory

Brown and Harris (1978) carried out a large-scale study of depressed women in
England. Great care was taken as to the methods of this study. That is, the
researchers used a detailed interview and carefully trained interviewers to question
the subjects about any recent adversities that had distressed them.The truthfulness
of the women’s reports was checked by interviewing relatives. Furthermore, trained
members of the research staff rated the stressfulness of the events, rather than
relying on the respondents’ estimations. Using these methods, Brown and Harris
found that 61% of depressive women but only 25% of the control subjects had
experienced a severely disturbing life event in the nine months prior to the
interview. Most pertinent to the present discussion, many of these events had an
interpersonal character, for example separation from a key person (i.e., the
husband) and serious illness or death of someone close. Moreover, social support
appeared to be crucial. When the women were divided into those who had an
intimate friend in whom they confided and those who did not have a close friend,
the impact of the stressful life events were quite different. Only 10% of the women
with an intimate relationship got depressed after the life event, whereas this figure
was 37% for the women without a confidant. These results seem to suggest that
interpersonal difficulties put people at risk for developing depression, whereas
interpersonal resilience may buffer against such disorder.

Contents of Treatment

Stages ofTreatment

The Dutch psychiatrist Peeters (1999) has provided a comprehensive description of
IPT. Briefly, he describes IPT as a relatively short-lasting intervention method
consisting of 15 to 20 sessions that can be allocated to three stages. During the first
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stage, whichusually takes up to three sessions, the therapist devotes a lot of attention
to the diagnostics of the depression and the provision of psycho-education about this
mental disorder. The diagnosis is discussed within a medical context in which
depression is conceived as a disease from which the patient suffers. A significant
amount of time is spent on what is called the ‘interpersonal anamnesis’, during
which the therapist checks whether the patient’s personal environment has changed
prior to the development of the depression. Of particular importance are the
relationships of the patient with significant others, both in the present and in the
past.The therapist will try to link the patient’s interpersonal problems to the current
depression.

IPTdistinguishes four areas inwhich interpersonal problems canbe classified: (1)
grief, (2) interpersonal conflict, (3) role change, and (4) interpersonal deficit.These
areas can serve as focuses (i.e., targets) of the therapy.

(1) Grief can be a focus of IPTwhen the beginning of the depression is related to
the decease of a significant other. In most cases, the problem involves pathological
grief inwhich ambivalent feelings for the deceasedpersonplay a key role.The thera-
pist primes the process of mourning by encouraging the patient to address positive
as well as negative feelings in relation to the deceased person.When these feelings
are sufficiently expressed, it is important that the patient invests in relationships
with familiar and unfamiliar people.

(2) Interpersonal conflict concerns a conflict between the patient and a signifi-
cant other, and can be a focus of IPT when it is associated with the origins or
maintenance of the depressive disorder. The purpose of IPT is to clear out the
conflict and to examine whether there are possibilities of coming to a more positive
relationship with the other. In most cases, the patient is taught to deal in a different
way with the conflict or to redefine the relationship, thereby changing his
expectations in relation to the other.

(3) Role change might be a focus of IPTwhen the depression is linked to impor-
tant changes in the patient’s social life. This has frequently to do with major
transitions in the life cycle such as moving into rooms, having children, children
leaving the parental home, or going into retirement.The patient has to give up his
old role and should learn to play a new one. It may well be the case that the patient
has to acquire certain skills so that he can play his new role adequately.

(4) Interpersonal deficits refer to a lackof skills in relationships with others, which
lead to strong feelings of insufficiency and social isolation.When chosen as a target
for treatment, the main purpose of IPT is to reduce the social deprivation. To
accomplish this goal, the therapist carefully analyses the patient’s relationships in
the past: What went wrong? Why were relationships broken off ? Following this,
the therapist tries to stimulate the patient to enter into new relationships, thereby
giving directions in order to counteract interpersonal deficits.

Because IPT is intended as a brief intervention, the therapist and the patient
agree on the fact that during therapy only one or two of these focuses will be
addressed.The therapist will first choose a focus that has a direct and evident link
to the actual problems of the patient and which can be changed in the short term.
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The purpose of the second stage, which has a duration of about10 sessions, is to solve
the interpersonal problems that are chosen as focuses. First, the patient’s problems
and associated feelings and thoughts are explored. Then, the therapist and the
patient will think up new ways of dealing with these problems, and, finally, the
patient will implement these solutions in his daily functioning.

The third and final stage of IPT is concerned with finishing treatment and
consists of only a couple of sessions. During these sessions, the patient has to give
up his relationship with the therapist and increasingly relies on his own strengths
and competences for dealing with interpersonal challenges. Therapist and patient
also discuss potential future problems andways in which these can be resolved.

Techniques

As mentioned earlier, IPTemploys various techniques that are also used in other
psychological interventions.The following techniques are of particular importance
to IPTas they fit rather well in the short-lasting and focal nature of this intervention
(Klerman et al., 1984): (a) exploration, which primarily refers to an analysis of the
patient’s interpersonal relationships; (b) encouragement of the expression of affect
may help to reduce the emotional flatness of the depressed patient, which frequently
hinders relationships with others; (c) clarification; by means of summaries and the
discussion of inconsistencies, the patient may gain new insights; (d) communication
analysis may help the patient to understand why interpersonal problems arise or
continue; (e) role play can also be used to reconstruct interpersonal events in order
to get better insight into problems and difficulties and to practise new behaviours;
(f ) use of the therapeutic relationship; although the relationship between the
patient and his social environment is the main target of an IPT treatment, it is
possible that a patient’s social contacts are so poor that it may be necessary to take
behaviours and interactions during the therapy sessions into consideration; and (g)
giving advice and directives may be useful especially in the beginning of treatment,
when indecisiveness may be a prominent feature of the depression. In the further
course of the treatment, the therapist will becomemore supportive and stimulating
in order to prompt new activities for the depressed patient.

IPT is a less well-known treatment method for depression than behavioural and
cognitive therapy. Nevertheless, as we will see in the next section, therapy outcome
studies demonstrate that IPT should be considered as an effective psychological
intervention for depression.

DISCUSSION

From a biomedical point of view, depression is conceptualized as a‘medical illness’.
In the United States but also in many other countries, medication is the most
commonly delivered treatment for depression (Narrow et al., 1993). In contrast to
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the illness model, several psychological models have been proposed, resulting in
interventions such as behaviour therapy, cognitive therapy, and IPT, which have
been evaluated as being effective in reducing depressive symptoms. Yet, these
effective non-drug strategies are often ignored by medical practitioners (Altrocchi
et al., 1986).

Most research on the effectiveness of psychotherapy has relied on cognitive
therapy in which principles of behaviour therapy such as behavioural experiments
are incorporated. Several studies have shown that in the acute phase of depression,
cognitive therapy is more effective than antidepressant medication (e.g., Blackburn
et al.,1981; Rush et al.,1977,1982). Other studies have shown that cognitive therapy
is equally effective as antidepressant medication (e.g., Hollon et al., 1992) or
combined cognitive^drug treatment (e.g., Beck et al., 1985; Blackburn et al., 1981;
Covi and Lipman, 1987; Evans et al., 1992; Hollon et al., 1992). A number of other
studies suggest that cognitive therapy adds to the efficacy of standard anti-
depressants drug treatment (e.g., Bowers, 1990; Dunn, 1979; Miller et al., 1989;
Teasdale et al., 1984).

Several meta-analyses (e.g., Steinbrueck et al., 1983; Dobson, 1989; Conte et al.,
1986; Nietzel et al., 1987; Robinson et al., 1990; Hollon et al., 1991) reported in the
psychiatric and psychological literature, which cover multiple studies with
thousands of patients, have consistently supported the perspective that
psychotherapy is at least as effective as medication in the treatment of depression
(see for a critical discussion, Antonuccio et al.,1995). Although these meta-analyses
were conducted independently, there was some overlap of included studies. Except
for the meta-analyses conducted by Dobson (1989) and Hollon et al. (1991) who
specifically focused on the effectiveness of cognitive-behavioural interventions, the
meta-analyses combined all brands of psychotherapy for depression.

With respect to effectiveness in the long-term (e.g., relapse), several studies have
shown that psychotherapy is at least as effective as medication treatments (e.g.,
Blackburn et al., 1981, 1986; Evans et al., 1992; Greenberg et al., 1992; Hersen et
al., 1984; Hollon et al., 1991, 1992; McLean and Hakstian, 1990; McLean and
Taylor,1992; Rush et al.,1977,1978; Shea et al.,1992a; Simons et al,1986;Weissman
et al., 1981). However, the effectiveness of all treatments on the long-term are some-
what disappointing given that a substantial part of the patients show a return of the
depression. With respect to IPT, Weissman and Markowitz (1994) indicated that
IPTcan be used in dysthymic disorder, geriatric depressed patients, and depressed
primary care patients. Although IPT is not as well studied as cognitive therapy,
research has supported its effectiveness in the acute phase of depression as well as
during follow-up (e.g., DiMascio et al., 1979; Weissman et al., 1979; Elkin et al.,
1989;Weissman et al., 1981; Shea et al., 1992b; Frank et al., 1989).

The effectiveness of medication treatment in combination with psychotherapy
has not yet been convincingly demonstrated (AHCPR,1993;Manning and Frances,
1990). However, patients suffering from severe recurrent depression may benefit
from a combined treatment (Thase et al.,1997).To prevent relapse in these patients,
effective maintenance interventions of cognitive therapy and IPT have been
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developed (e.g., Fava et al.,1996; Frank et al.,1993) as well as prolonged treatments
with depressive medication (e.g., Janicak et al., 1997). However, more research
regarding the effectiveness of psychotherapy in the long run, and particularly in
combinationwith medication treatment, is warranted.

Three individual studies are particularly noteworthy so that they will be
discussed in more detail here. In the first study, conducted by the Treatment of
Depression Collaborative Research Program (Elkin et al., 1989), 239 depressed
individuals were randomly assigned to receive either cognitive therapy, IPT,
imipramine, or placebo in combination with clinical management. Cognitive
therapy, IPT, and imipramine significantly reduced depression symptoms.
However, re-analyses of the results from this study bymeans of a random regression
model showed that cognitive therapy was less effective than IPTand imipramine in
severely depressed individuals (Elkin et al., 1995). A second important study
analysed data on 595 individuals with major depressive disorder derived from six
independent studies (Thase et al., 1997). Of the total sample, 243 individuals
received psychotherapy (cognitive therapy or IPT) and 352 received a combination
of IPTand pharmacotherapy. Results from this study indicated that recovery rates
for psychotherapy versus combined treatment did not differ for less severe cases. In
more severe cases, combined treatment showed significantly higher recovery rates
than psychotherapy (rates were 43% and 25% respectively). A third important
study has been conducted by the United States Department of Health and Human
Services (AHCPR, 1993), which investigated the effectiveness of different types of
antidepressants, placebo, behavioural therapy, cognitive therapy, IPT, and another
psychological intervention, namely brief dynamic therapy.The results showed that
except for placebo and brief dynamic therapy (which were least effective), all treat-
ments were equally effective in reducing depressive symptoms. Figure 11.3 shows a
visual representation of the effectiveness of the various interventions in this study.
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In summary, this chapter has focused on psychological treatments for depression
(i.e., behavioural treatment, cognitive treatment, IPT). Behaviour treatment aims
to increase positive reinforcement anddecrease punishment thereby reducing levels
of depression and improving dysfunctional skills and problem-solving. Behaviour
treatment is often incorporated in cognitive treatment, commonly known as
‘cognitive-behavioural treatment’.This type of treatment stresses changing negative
automatic thoughts and the underlying depressogenic assumptions. IPT focuses on
interpersonal problems as the cause of depression. Research on the effectiveness of
these interventions indicates that particularly cognitive-behavioural interventions
and IPT are at least as effective as medication in the treatment of unipolar
depression. Future research should address some issues that have not been resolved.
For example, it remains to be established whether a combined intervention of
medication and psychotherapy is superior to an intervention that only relies on one
of these approaches, whether psychological treatments such as cognitive therapy
and IPTare equally effective as medication in the treatment of severely depressed
patients, and what individual characteristics predict good treatment response to
psychological interventions.
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INTRODUCTION

Depression remains a highly prevalent disorder, with significant personal and
socioeconomic implications. Moreover, depression is still under-diagnosed and
consequently undertreated. When adequately treated, up to half of all patients
do not respond adequately to first-line monotherapy and 60^70% of depressed
patients fail to reach complete remission, despite rapid development in the
therapeutic armamentarium of mood disorders since the late 1980s. Selective
serotonin reuptake inhibitors (SSRIs), reboxetine, a selective norepinephrine
reuptake inhibitor (SNRI), and newer antidepressants with dual actions, both
on serotonergic and noradrenergic systems, such as venlafaxine, mirtazapine
and milnacipran have been proposed as a replacement to the older tricyclic
antidepressants (TCAs), and although they are safer and better tolerated,
they have not significantly altered the rate of improvement in depressive symp-
toms.

Considered in abroad sense, treatment-resistant depression (TRD) incorporates
well over a third of depressed patients. However, the poor level of attention
previously paid to any conceptual examination ofTRDhas resulted in unsystematic
research anduncontrolled clinical trials, which in turn have led to a degree of confu-
sion. An analysis of the existing publications onTRD highlights the absence of a
standardized definition and operational criteria (Schatzberg et al., 1983, 1986;
Ayd,1983; Fawcett and Kravitz, 1985; Feighner, 1985; Roose et al., 1986; Links and
Akiskal, 1987; McGrath et al., 1987; Fink, 1991; Montgomery, 1991; Nelson and
Dunner, 1993; Thase and Rush 1995; Souery et al., 1999; Sackeim, 2001). Thus, a
substantial number of definitions have been employed in clinical trials and have
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given rise to various treatment guidelines.This may explainwhy it remains difficult
in clinical practice to treat resistant patients using any systematic algorithms.

Recently, research in this field has focused on the more fundamental aspects of
TRD. These aspects include methodological considerations, predictive factors,
neurochemistry, and biological markers. Methodological advances have contrib-
uted to the achievement of a reasonable level of consensus on the general concept of
resistance and they allow an improved understanding of the issues of characteriza-
tion and definition.

However, methodological advances have notbeen considered extensively in other
resistant mood disorders, namely resistant bipolar disorders and ‘resistant’
dysthymia, where many of the conceptual definitions are currently derived from
the approachused in unipolar major depression. Hence, treatment-resistant bipolar
depression is largely unstudied and many of the treatment strategies for bipolar
depression are based on guidelines derived from studies on unipolar TRD, which
are not necessarily applicable to resistant bipolar. In various treatment phases,
some patients will have a different level of resistance to a given therapeutic strategy
or agent, reflecting their response or resistance to acute treatment and their post-
recovery maintenance or relapse. This observation, if taken into consideration,
may assist in the differentiation of acute and long-term resistance.

We will review here methodological issues inTRD and extend it to treatment-
resistance on two specific psychiatric disorders, dysthymia and bipolar disorder.
Current knowledge on biological factors implicated inTRD will be described as
well. Finally the therapeutic aspect will be covered with a special attention to clin-
ical management of TRD.

METHODOLOGICAL CONSIDERATIONS IN
TREATMENT-RESISTANT DEPRESSION (TRD)

Before any assumption about treatment-resistance is made, different factors must be
considered which may give rise to‘pseudo-resistant’depression.

Misdiagnosis of Depression and Subtypes of Depression

Misdiagnosis leads to treatment of patients considered as resistant when, in fact,
they are suffering from a primary psychiatric disorder other than depression.

The major subtypes of affective disorder respond in different ways to the avail-
able therapies and the failure to recognize these subtypes is one of the most
common factors contributing to non-response. Important differential diagnoses
that may influence the treatment response in TRD are the primary^secondary
classifications, melancholic depression, psychotic depression, atypical depression,
and bipolar depression. Guscott and Grof (1991) conducted a comprehensive
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review of the over-diagnosis of primary affective disorders in patients who were
defined as having resistant depression. Evidence exists that the misdiagnosis of
primary non-affective disorders accounts for a substantial proportion of patients
classified as having resistant depressive disorders (Levine, 1986; MacEwan and
Remick, 1988; Nelsen and Dunner, 1995). Careful attention should be paid both
to the identification and appropriate treatment of primary non-affective disorders.
In these conditions, the pharmacological treatment of secondary depression can
differ from that of primary depression in terms of dosage, duration, and onset of
response. Melancholic depression, characterized by an absence of mood reactivity,
severe neurovegetative symptoms and psychomotor retardation, appears to show a
greater degree of response to tricyclic antidepressants (TCAs) and electroconvul-
sive therapy (ECT) (Nelson et al., 1990) than to other antidepressant therapies. In
atypical depression, which is characterized by mood reactivity, hypersomnia,
hyperphagia, and increased sensitivity to environmental events and rejection,
evidence supports the use of specific treatment choices. Adequate treatment of
atypical depression should include a trial of a monoamine oxidase inhibitor
(MAOI) (Liebowitz et al., 1988; Zisook et al., 1985; Quitkin et al., 1991; Benazzi,
2002). In bipolar depression, the treatment of choice depends on whether
psychotic symptoms are present and on the severity of depression. The first line of
treatment in cases of severe psychotic bipolar depression remains ECTor a mood
stabilizer, combined with an antidepressant and an antipsychotic. The use of anti-
depressants alone in less severe bipolar depressive episodes is not recommended
(Thase and Kupfer, 1996). Specific forms of treatment that relate to affective
disorder subtypes are reviewed elsewhere in more detail (Amsterdam and
Hornig-Rohan, 1996).

Psychiatric Comorbidity

Comorbid psychiatric disorders that are often seen with mood disorders include
substance abuse or dependence, personality disorders, eating disorders, obsessive^
compulsive disorders, and panic or generalized anxiety disorders (Hirschfeld et
al., 1988; Maser and Cloninger, 1990; Corruble et al., 1996). In treatment
failure, a thorough evaluation of these conditions should always be considered.
Comorbidity entails the treatment of complex syndromes of which depression
forms only a part. It has been observed that in depression, concomitant person-
ality disorders, widely ranging from 20% to 80% among depressed patients,
reduce the efficacy of antidepressant treatments and may contribute towards
treatment-resistance (Pfohl et al., 1984; Black et al., 1988; Shea et al., 1990,
1992; Nelson et al., 1994). It is not clear, therefore, whether the observed ‘treat-
ment-resistance’ relates to the depressive state or to the comorbid personality
disorder (Thase, 1996). The complexity of the subject is illustrated by the extre-
mely heterogeneous nature of the diagnosis in some published reports, involving
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patients whose diagnostic characteristics include a wide range of personality
disorders. Moreover, the relationship between personality disorder and depres-
sion is likely to be complex. So far, hypotheses have implicated a direct
predisposition to depression in patients with pathological personality, a modifica-
tion of depressive symptoms when suffering from personality disorder or, on the
other hand, the fact that a long-term unremitted depression may have an
enduring impact on personality. Some authors have also put forward that person-
ality disorder could constitute an attenuated form of depression (Shea and
Hirschfeld, 1996; Thase, 1996). In patients with comorbid psychiatric condition,
some psychotherapeutic interventions may be beneficial. For example, a combina-
tion of psychotherapy and somatic treatment should be considered in resistant
patients with concomitant personality disorders.

Concurrent Medical Condition

A variety of concurrent medical conditions may also contribute to TRD.
Depressed patients with comorbid medical disorders tend to have worse depres-
sion outcomes than depressed patients without comorbid medical illness (Koike
et al., 2002). Among them, thyroid dysfunction seem to be the most supported in
the literature (Gold et al., 1981; Hatterer and Gorman, 1990; Howland, 1993).
After the classic paper by Asher (1949) on ‘myxedematous madness’, hypo-
thyroidism has been clearly described to be associated with depression. Overall,
7% to 10% of depressed patients appear to have subclinical hypothyroidism as
defined by an elevated basal TSH or an augmented TSH response to TRH
(Reus, 1993). The association between depression and hyperthyroidism is less
clear. Kathol et al. (1986) rather describe features of generalized anxiety disorder
in these patients.

Other medical conditions have been implicated as organic causes of depression
and require documentation and exclusion in TRD (Levine, 1986; Gruber et al.,
1996). These conditions should be labelled as mood disorder due to a general
medical condition according to the DSM-IV (APA,1994). Examples of such condi-
tions are Cushing’s syndrome, Parkinson’s disease, neurological neoplasms,
pancreatic carcinoma, connective-tissue disorders, vitamin deficiencies and certain
viral infections. Several types of medication also, such as immunosuppressants,
steroids and sedatives, may precipitate or contribute to chronic depression and
adversely affect remission and response. Hence it is essential to elicit a thorough
medical history when evaluating treatment-resistance. Although some patients
with major depression induced by a medical condition may respond to antidepres-
sant treatment (Primeau, 1988), diagnosis of secondary depression is associated
with a major factor of chronicity despite adequate treatments (Keller, 1984; Dinan
andMobayed,1992).
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Poor Compliance

Between 30% and 60% of patients do not take their medication as prescribed
(Cramer, 1995; Demyttenaere, 1997). Reasons for this include the occurrence of
adverse effects, guilt feeling about taking medication, treatment discontinuation
once symptoms begin to improve, fear of drug dependency or loss in effectiveness
and social stigma (Mendlewicz, 2001).

Treatment Inadequacy

Treatment adequacy in terms of dose, duration and compliance remains one of the
key issues in dealing with resistant patients. In terms of criteria for adequate dose
and duration of treatment, only about 25% of patients in clinical practice are
adequately treated when they are prescribed antidepressants (Katon et al., 1992;
Lepine et al.,1997), evenwith SSRIs (Dunn et al.,1998). Furthermore, a significant
proportion of cases referred to university settings for ‘refractorydepression’ have not
received even a single adequate antidepressant trial (Bridges, 1983). A systematic
reviewof the adequacyof previous courses of treatment is requiredprior to anydeci-
sion on the management of resistant cases. Clinical trials on antidepressant efficacy
in major depression suggest response rates reaching 80% (Anderson andTomenson,
1994) but this promise is largely not realized in clinical practice, owing to the
complex interaction between patients and health care provider resulting in inade-
quate treatment of depression (Mendlewicz, 2001).

For major depressive disorders, specific recommendations on antidepressant dosage
and the duration of treatment shouldbebased on literature data andpractice guide-
lines (Phillips and Nierenberg,1994; Amsterdam and Hornig-Rohan,1996). In the
course of time, the recommendation of adequate dosage has increased from150mg/
day to 250^300mg/day of imipramine or its equivalent (Ayd, 1983; Nierenberg et
al., 1991). Imipramine, desipramine, and nortriptyline should be monitored using
plasma levels, which have been demonstrated to relate accurately to clinical
outcome (Roose and Glassman, 1994). Moreover, blood levels should be measured
because a significant proportion of the general population are slow metabolizers of
nortryptiline. For other antidepressants, plasma levels can be used to assess a
patient’s compliance with treatment.When appropriate, plasma levels should also
be used for patients who do not respond to adequate doses of antidepressants, so that
possible individual variations in pharmacokinetic characteristics can be docu-
mented. In such patients, dosage adjustments, based on blood levels, may produce
a treatment-response (Amsterdam et al., 1980; Glassman,1994).

Themaximum tolerated dose should be used, according to dosage recommenda-
tions. Before treatment-resistance is considered, the recommended daily doses of
standard treatment that should be attained are 300mg of imipramine, 90mg of
phenelzine or the equivalent therapeutic regimens with at least four weeks of
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treatment at the optimal dose (verified by blood level where appropriate). For some
antidepressants, the need to reach maximal doses to consider non-response is less
clear. For instance, no greater subsequent response was observed when increasing
dose from 20mg to 60mg of fluoxetine after non-response to three weeks of treat-
ment as compared to maintenance on the original 20mg (Schweiser et al., 1990).
On the other hand, patients who had failed to respond to eight weeks of treatment
with 20mgof fluoxetinewere analysed in a double-blind randomized study (Fava et
al., 1994). Patients treated with high doses of fluoxetine (40^60mg) responded
significantly better than patients treated with fluoxetine plus lithium and those
treated with fluoxetine plus desipramine.

The adequate duration of an antidepressant trial has also evolved over the years
from three to six weeks (Quitkin,1984). Some studies have suggested that prolonged
trials of treatment, lasting more than10 or12 weeks (Greenhouse et al.,1987; Geor-
gotas et al., 1989), can lead to a therapeutic response in certain resistant patients.
However, there is a lack of evidence to support the advantage of prolonged trials
over eight weeks as compared to switching strategies. In current reports onTRD,
the absence of a standardized pattern for dosage and duration of treatment is more
a question of the study design and selection criteria than a conceptual inconsistency.
More detailed analyses of this issue have been published showing that the point at
which treatment alteration should be considered in light of the degree of improve-
ment in previous weeks (Quitkin et al., 1996).

The efficacy of pharmacotherapy in mood disorders may vary according to the
treatment phase (see Figure 12.1). Treatment is generally divided into acute, conti-
nuation and maintenance phases (Thase and Kupfer, 1996).

Not only should resistance to the acute treatment phase be examined, but also to
the continuation andmaintenance phases of therapy. Some patients, who respond to
the acute phase of pharmacotherapy, may be resistant to long-term treatment with
high rates of recurrence, exhibiting ‘continuation’or ‘maintenance resistance’. As in
the acute treatment phase, treatment adequacy should also be considered in the
long-term treatment of depression. Recommendations on dosages and the duration
of treatment are essential for a successful outcome in the continuation and mainte-
nance phases. In particular, compliance should be assessed in maintenance
resistance, since many patients reduce or end their treatment following remission
of their symptoms.

The criteria most widely applied for defining ‘responders’ and ‘non-responders’
are based on standardized rating scales, which are used to assess the severity of
depression. In clinical trials, the criteria classically used to indicate response to
treatment are the following: a minimum rating of ‘much improved’on the Clinical
Global Impression (CGI) scale; a minimum reduction of 50% on the Hamilton
Depression Rating Scale (HAM-D); a score of 9 or less on the Beck Depression
Inventory scale and a score of 15 on the Montgomery^Asberg Depression Rating
Scale (MADRS). Remission is also frequently defined as a score of 7 or less on the
HAM-D.The process of defining these criteria inTRD is a complex one, due to the
marked variability in the severity and morbidity of resistant depression as well as to
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variations in the therapeutic objectives. It is more likely that resistance to treatment
will occur along a continuum, which could complicate the use of pre-specified
thresholds, particularly in very severe pretreatment major depression. In such
cases, even with a 50% reduction in symptoms, significant residual symptoms may
remain. It is important also to define therapeutic objectives according to the
patient’s quality of life and in the context of subjective evaluation by the patient
and other family members. A moderate improvement, as measured on a given
rating scale for depressive symptoms, canbe sufficient to give a noticeable improve-
ment in the quality of life of some depressive patients. A moderate improvement in
long-term and chronic resistant depression, as recorded on scales such as the CGI,
HAM-D orMADRS, should be associated with an improved quality of life evalua-
tion. The general rule in epidemiological studies and clinical trials, should be the
joint use of thresholds (e.g. a score of 6 or less on the HAM-D) and percentages of
improvement (e.g. a minimum 50% reduction in the baseline scores on the HAM-
D). In addition to this, improvement should be assessed on more than one rating
scale. The advantage of using the HAM-D is that it covers the whole spectrum of
depressive symptoms, while the MADRS and CGI are more sensitive to improve-
ment, measuring change (Galinowski and Lehert, 1995). No appropriate
instrument exists to examine specific symptoms in relation to the therapeutic
response or to non-response. Discovering a solution to this last issue should be a
major objective inTRD research. Finally, theminimum length of response required
before remission can be considered to have been achieved. In general, remission is
defined as a response of at least two weeks’ duration. In addition to the failure to
respond to treatment, the duration of the episode without response has also been
examined, with some definitions of TRD specifying a minimum two-year period
for this (Feighner et al., 1985).

In the literature on TRD, a controversial subject is the number and type of
adequate antidepressant treatment trials required before the definition of TRD
can be considered. The classification of resistant depression in stages has been
proposed, based on the previous treatment response (Schatzberg et al., 1986; Nier-
enberg et al., 1991; Thase and Rush, 1995), where increasing resistance is equated
with an increased failure to respond to the less common antidepressant treatments,
such as augmentation strategies or ECT. For theoretical considerations, all of these
definitions may be acceptable but do not provide an operational tool that can be
easily applied to clinical practice and research. For instance, if ECT is essential to
be eligible for resistance status, clinicians will be left with a large segment of the
affectively ill population that are resistant to several drugs and augmentation stra-
tegies yet cannot be characterized. Another controversial issue is the requirement
for consecutive trials of the same or different classes of drugs.With theTCAs, the
benefits of switching treatment from one of the group members to another has not
been supported by the available data (Charney et al., 1986; Reimherr et al., 1984).
Conversely, there is emerging evidence that some patients, who do not respond to a
selective serotonin reuptake inhibitor (SSRI) may respond to a second trial with a
different SSRI or to a trial with aTCA (Brown and Harrison, 1992; Zarate et al.,
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1996; Joffe et al., 1996; Thase and Rush, 1997). Although more controlled data are
needed to document the effectiveness of TCAs in SSRI resistance, some studies
suggest that this strategy is effective (Peselow et al., 1989). SSRI response inTCA
resistant outpatients has been documented in several studies with response rates of
between 30% and 70% (Delgado et al., 1988; Faravelli et al., 1988; Nolen et al.,
1998;White et al., 1990; Gagiano et al., 1993).

TREATMENT RESISTANCE IN DYSTHYMIC DISORDER

Previously known as ‘depressive neurosis’, dysthymic disorder affects 3% to 6%
(Kessler et al., 1994) of the general population. One-quarter of patients with
depression are thought to have dysthymia, a condition called ‘double depression’ in
which dysthymia is considered as a comorbid disorder upon which depression is
surimposed (Sanderson et al., 1990). Moreover 40% of dysthymic patients have
been found to have a double depression (Keller and Shapiro, 1985;Weissman et al.,
1988). Patients with double depression pursue a highly recurrent course (Akiskal,
1994). Being viewed as a chronic and characterologic form of mood disorder,
dysthymia is still a condition undertreated (Keller, 1993; Shelton et al., 1997). On
the other hand, there are several double-blind, placebo-controlled randomized
studies showing the efficacy of antidepressants in dysthymic and ‘neurotic’ depres-
sion (Alpert and Lagomisano, 2001, for review). Even in double depression, most
antidepressants have shown a good response. Interestingly, Kocsis et al. (1996)
have demonstrated a similar response to an initial open-label treatment with desi-
pramine during a randomized, double-blind maintenance phase of up to two years
in three groups of dysthymics, double depressives and chronic major depressives.
Thus, if naturalistic studies tent to suggest that dysthymia implies a poorer diag-
nosis, clinical trials show evidence for similar response between dysthymia, double
depression and depression alone.

If dysthymia is ‘treatable’ in a significant proportion of patients, the issue of
therapy-resistance should also be considered in this disorder. For example, most
recent studies have identified risk factors to develop apoorer response to antidepres-
sant treatment in dysthymia: lower-levels of education, high neuroticism, more
severe medical illness and being an older female (Katon et al., 2002).

However, several methodological problems are encountered when studying this
condition. First, until now no clear definition of remission in dysthymia has been
stated. Indeed, using criteria of 50% reduction in total HAM-D score or a HAM-
D score of less than 8, patients are still dysthymic (Thase et al., 1996). Some studies
suggest that minor depressive symptoms tend to remain in dysthymia when
compared tomajor depression (Keller et al.,1983). Dysthymia is a chronic disorder,
often present for many years. It is thus possible that the delay of onset of action of
antidepressant is longer than for treating unipolar affective disorder. As prospective
data on the evolution of response of patients during the course of antidepressant
treatment are lacking, it is not possible to speculate on the ‘adequate duration’of an
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antidepressant treatment in this condition. There are also little data on long-term
treatment and on response to switching and augmentation strategies on dysthymic
disorder. Harrison et al. (1986) observed in a randomized, placebo-controlled,
continuation study that antidepressant treatment should be maintained for at least
six months.

TREATMENT-RESISTANCE IN BIPOLAR DISORDER

The concept of resistance to the treatment is particularly complex in bipolar disor-
ders, this by reason of the many clinical situations that are to be managed in the
short and long term.

The natural course of bipolar disorder is characterized by marked severity of
acute affective episodes, followed by high rates of relapse and recurrence. Thus,
the primary goals of treatment in bipolar disorder are to treat both acute phases
of the illness as well as to prevent recurrence. Treatment may be required for
acute mania, for acute depression, or to prevent recurrence of such states. Treat-
ment phases remain a function of the subtype of bipolar disorder considered,
such as rapid cycling or mixed states. In order to prevent recurrence, long-term
or lifetime prophylactic strategies may be necessary. Lithium has been consid-
ered to be the effective reference prophylactic treatment, but newer medications
offer promising advantages in the acute and long-term management of this
disorder.

While consensus definitions have been well established for treatment phases in
unipolar recurrent depression (Frank et al., 1991), such advances are still lacking
for bipolar disorder.This is mainly due to the polarity of the disorder, and the diver-
sity of clinical presentations in either depressed or manic states. However,
extrapolation of unipolar treatment phase criteria can be made, yet adjustment is
required to take into account the particular aspects of bipolar disorder. A break-
down of different phases of treatment can be made accordingly: acute,
continuation and maintenance (Thase and Kupfer, 1996). The acute phase of
bipolar disorder consists of the treatment duration of classic euphoric mania,
mixed episodes, hypomania, rapid cycling, and depression. The duration of acute
treatment may vary between two and six weeks.The continuation phase consists of
the initial period lasting approximately two to six months after the acute symptoms
have remitted, the goal being relapse prevention. During the maintenance phase
that follows continuation, the aim is to prevent the occurrence of any new episodes
by prophylactic treatment with a mood stabilizer. Thus lifelong, long-term treat-
ment may be necessary for a significant proportion of patients.

The clinical heterogeneity of bipolar disorder makes it difficult to generalize
about treatment strategies. The bipolar disorder spectrum includes bipolar I and
bipolar II disorders, and cyclothymic disorder, as enumerated by DSM-IV. A
patient with bipolar I may present with only a single manic episode, or a combina-
tion of manic anddepressive episodes where themost recent episode is eithermanic,
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hypomanic, mixed, or depressed. Patients with bipolar II may present with either
hypomanic or depressive episodes. The clinician is faced with a heterogeneous
group of patients who represent the spectrum of bipolar disorder, yet exhibit
different features and degrees of severity of the illness. Moreover, these patients
may be seen at different moments in their illness, presenting with different acute
episodes that require different treatment strategies. Even among a group of patients
receiving the diagnosis of bipolar I, there are avariety of clinically relevant features
that may predict treatment choice, its outcome and the overall course of the illness.
Such clinical features include psychosis, catatonia, a seasonal pattern, or rapid
cycling, for example. Other episode specifiers includemelancholic features, atypical
features, post-partum onset and length on episode. These clinical manifestations
may imply different treatment modalities.

Working clinical definitions for treatment refractory bipolar illness have been
suggested (Sachs, 1996). These definitions are proposed as a starting point and
need validation through controlled studies, as well as for TRD criteria. Treat-
ment-refractory bipolar depression is defined by the lack of remission of a
depressive state despite two adequate trials of standard antidepressant agents (six
weeks each), with or without augmentation strategies. This last definition suffers
the same limitations as the definition proposed forTRD. Moreover, adequate anti-
depressant trial for bipolar depression is not well defined, in particular for the use
of mood stabilizers.

Treatment-refractory mania is defined as a manic episode without remission
despite six weeks of adequate therapy with at least two antimanic agents (lithium,
neuroleptic, anticonvulsant) in the absence of antidepressant or other mood-
elevating agents.TheYoungMania Rating Scale (YMRS) is widely used in clinical
trials to evaluate treatment response. A total score of 12.5 on theYMRS has been
described as reflecting the median euthymic rating, 15 as the lower limits of mania,
20 as mania of moderate severity and 25 as the lower limit of mania of sufficient
severity to require hospitalization. Treatment-refractory mood cycling may be
defined as continued cycling despite maximal tolerated lithium in combination
with valproate or carbamazepine for a period of three times the average cycle
length, or six months, whichever is longer, in the absence of antidepressants or
other cycle-promoting agents. The definitions of treatment-refractory mania and
mood cycling should also be examined regarding all methodological considerations
discussed above forTRD. Lastly, resistance to long-term treatment or ‘maintenance
resistance’can be of particular relevance in bipolar affective disorder.

The growing number of therapeutic strategies available in bipolar disorders
results in an increase in the chances of response to the treatment in the various
phases of the disease. Beyond the traditional treatments like lithium, the antiepilep-
tics and the typical neuroleptics, the new antiepileptics and atypical antipsychotics
must be considered in particular clinical situation.

The treatment of choice for classic, euphoric mania is lithium, while valproate is
preferred for a mixed episode, mania with dysphoric mood or for mania in rapid
cycling bipolar disorder. For rapid stabilization of severe mania, valproate is
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recommended because therapeutic blood levels can be attained quickly through a
loading dose strategy of 20mg/kg per day.Valproatemayalsobe used to treat classic
mania if it is preferred because of its side-effect profile or a previous non-response to
lithium. Similarly, carbamazepine may be effective for mixed episodes or for rapid
cycling as opposed to valproate if it is preferred due to its side-effect profile or the
patient’s previous treatment history. Combinations of antimanic agents may also
be necessary, particularly in treatment-resistant manic, mixed and hypomanic
episodes.

New molecules, and in particular lamotrigine, have been tested in bipolar
disorder. The effectiveness of lamotrigine is now established in the depressive
phases and in maintenance and this in placebo-controlled studies among bipolar
patients I and II, with or without fast cycles. Calabrese et al. showed an anti-
depressant effectiveness compared with placebo among depressive bipolar
patients. This molecule is particularly tempting because of its good long-term
tolerance. Nevertheless, one described cutaneous rashes at the beginning of treat-
ment, with increased risk of Stevens^Johnson syndrome. To avoid this adverse
effect, a diagram of progressive administration is recommended, to be adapted
according to the pre-existing treatment. Indeed, valproate inhibits the metabo-
lism of lamotrigine, while carbamazepine accelerates it. Moreover, lamotrigine
does not seem to induce manic or hypomanic states nor to increase the frequency
of the cycles. On the other hand, studies in bipolar disorders could not confirm
antimanic effectiveness. The recent data obtained with lamotrigine suggest that
this is a treatment of choice in bipolar patients for whom the burden of the disease
is mainly explained by their depressive episodes or symptomatology. It may also
become a first-line treatment for acute bipolar depression. Lamotrigine was
superior to placebo in a seven-week blinded, randomized trial on most analyses,
although the Hamilton Rating Scale for Depression, which was the primary
rating instrument, did not indicate a significant difference from placebo
(Calabrese et al., 1999). Lamotrigine has been studied in three placebo-
controlled maintenance trials in bipolar disorder. In rapid cycling patients,
among bipolar II patients, lamotrigine was significantly superior to placebo in
delaying time to intervention, with most benefit seen for delay in intervention
for emerging depression. Lamotrigine was not significantly different from placebo
among bipolar I patients (Calabrese et al., 2000). The study suggests that the
prophylactic effect of lamotrigine is seen when depression, not mania, is the
primary illness characteristic. Lamotrigine was studied in two 18-month trials,
one of which enrolled currently or recently manic patients, the other, recently
depressed patients. In both studies, lamotrigine as monotherapy, but not lithium,
delayed time to intervention for depression. Lamotrigine also reduced average
depressive symptomatology in comparison with placebo (Bowden et al., 2000;
Calabrese et al., 2003). Among over 1000 patients studied in blinded, rando-
mized, placebo-controlled trials, there was no evidence that lamotrigine
destabilized mood, or precipitated mania or hypomania. If confirmed, those
data may offer new therapeutic strategies in resistant bipolar disorders. In the
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acute phase in treating depressive episodes and in ‘maintenance resistance’,
preventing depressive phases when the burden of the disease is explained by the
high rate of depressive recurrences.

Just like the traditional neuroleptics, the atypical antipsychotics (AAP) are
effective in the control of agitation and the psychotic symptoms associated with
the manic state. More recent studies highlighted the fact that the AAP would
have a specific antimanic effect independent of the antipsychotic action. This
observation explains why the main target of clinical trials with atypical antipsy-
chotics used to be pure mania. Data are available in this direction for olanzapine,
risperidone, ziprasidone, quetiapine and clozapine. Olanzapine has been recog-
nized by the Food and Drug Administration (FDA) for the indication ‘acute
mania’ on the basis of a randomized, placebo-controlled study which shows an
acute effectiveness within three to four weeks among manic or mixed bipolar
patients. Other studies show the effectiveness of olanzapine in combination with
lithium or valproate among patients not responding to these treatments. A
controlled study shows the comparable effectiveness of risperidone (6mg)
compared to haloperidol (10mg) and lithium (900^1200mg) in mania. For risper-
idone, the majority of the studies relates to the effectiveness in combination with
conventional mood stabilizers (add one therapy). Although it may be less relevant
for registration purposes, as far as clinical needs are concerned it is of importance
that most atypical antipsychotics have also been tested in combination treatments.
Finally, first data are now available on the long-term prophylactic efficacy of
atypical antipsychotics. These combined efficacy data definitely support the use of
atypical antipsychotics in bipolar disorder, and offer new possibilities in bipolar
resistant patients.

BIOLOGICAL FACTORS OF TRD

During the last decades, a large amountof data have permitted substantial advances
in the understanding of psychiatric disorders and specifically in the field of affective
disorders. Unfortunately, substantial studies are lacking in TRD. But emerging
methods, such as pharmacogenomics and brain imaging, will help to improve
knowledge and management of TRD.We will include in this section well-studied
data in neuroendocrinology and psychoimmunology and will review studies impli-
cating serotonin inTRD. Finally, an update in the field of pharmacogenetics will be
presented.
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Endocrine Aspects in Resistant Depression

Hypothalamic^Pituitary^Adrenal (HPA) Axis

The HPA axis seems to be the most common biological abnormality in major
depression (Amsterdam et al., 1989). The HPA axis was also suggested to be
involved in the maintenance of depression, in a longer duration of the actual
depressive episode and in the pathogenesis of TRD. Amsterdam et al. (1994)
have demonstrated that patients who have failed several treatment trials are
more likely to demonstrate enhanced HPA axis activity compared with patients
with non-resistant depression. Nevertheless, the pathophysiologic significance
remains unclear. For example, hypercortisolaemia, assessed basally or after
dexamethasone suppression test, has not been found to be associated with
acute antidepressant response (APA Task Force on Laboratory Tests in
Psychiatry, 1987). More largely, corticosteroids affect brain and have influence
on mood and behaviour (Wolkowitz, 1992). Moreover, corticosteroids could
affect several brain systems such as the serotonin pathway, even though the
interactions are complex (Van Praag, 1996), and could also work as regulators
of transcription of specific genes (Holsboer, 1989). Regarding treatment, it has
been hypothesized that medication that decreases the HPA axis system activity
could act as an antidepressant. Cushing’s syndrome, a condition associated with
a high incidence of fatigue, irritability and decreased cognitive ability and
libido, showed a improvement in depression scales, even complete remission,
when treated with medication aiming at lower cortisol levels (Reus et al., 1997;
Kiraly et al., 1997). In major depression, results are promising but only on small
sample sizes (Reus and Wolkowitz, 2001). Ketoconazole, which is the most
studied antiglucocorticoid, has shown moderate to high response rates (Wolko-
witz et al., 1993; Amsterdam et al., 1994; Thakore and Dinan, 1995; Wolkowitz
et al., 1999a).

Dehydroepiandrosterone (DHEA) is the most important adrenal cortico-
steroid and has focused attention since a synthesis de novo has been
demonstrated in the brain, since DHEA has been shown to have intrinsic activity
at brain GABAA and other receptors (Wolkowitz et al., 2000) and since eleva-
tion of the cortisol-DHEA ratio in drug-free depressed patients has been recently
shown (Young et al., 2002). Recent double-blind, placebo-controlled trials of
DHEA in major depression and dysthymia showed an improvement of depressive
symptoms (Wolkowitz et al., 1999b; Bloch et al., 1999) but further, larger studies
are needed to clearly demonstrate an positive effect of DHEA in depression and
TRD. DHEA could probably also be effective in the management of depressive
and anxiety symptoms in other disorders, such as schizophrenia (Strous et al.,
2003).
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Thyroid

Even hypothyroidism seems to be more frequent in depressed patients than in the
non-affected (see above); only a few case series have suggested that thyroid dysfunc-
tion could be a predictor of treatment-response (Joffe, 1999). Gewirtz et al. (1988)
found a comorbid thyroid disorder in approximately 40% ofTRD patients studied.
Joffe and Levitt (1992) showed a response rate of 16% in patients with subclinical
hypothyroidism as opposed to 54% in the sample of patients with normal basal
TSH level. In clinical practice, thyroid hormones have beenwidely used as a poten-
tiator of antidepressant treatment inTRD. Several studies have proved the efficacy
of triiodothyronine (T3) 25 to 50 mg a day in such a cases (review inWolkowitz and
Reus, 2001). At a molecular level, links between thyroid function and neurotrans-
mitters implicated in antidepressant response remains unclear. Further studies are
thus needed to explore these interactions.

Oestrogen

Several authors have suggested an implication of oestrogen inTRD since extracts of
animal ovarian tissue were administered to oophorectomized women at the end of
the nineteenth century to alleviate psychological symptoms thought to be related to
the removal of the ovaries (Stoppe and Doren, 2002). Several arguments tend to
show an interaction between oestrogen and several neurotransmitters. McEwen et
al. (1995) suggested that serotonergic, cholinergic, dopaminergic, GABAergic,
adrenergic and opioid systems could respond to oestrogen. Gonzales and Carrillo
(1993) showed a positive correlation between estradiol levels and whole blood sero-
tonin levels. Oestrogen is also thought to influence the production of tryptophan
hydroxylase, the rate-limiting enzyme in the synthesis of serotonin, in female rhesus
monkeys (Pecins-Thomson et al., 1996). Finally, several studies have demonstrated
the involvement of oestrogen on serotonin receptors in rat brain (for review see
Sherwin, 2001).

Most clinical trials showed a modest effect on symptoms of depression. A‘tonic’
effect on well-being in non-depressed or mildly depressed women should not be
regarded as true antidepressant effect (Stoppe and Doren, 2002). So far, oestrogen
could thus be regarded as a potentiator of the effects of an antidepressant drug
(Sherwin, 2001). Concerning TRD, large studies investigating the efficacy of
oestrogen as an adjunct to antidepressant treatment are lacking. Prange et al.
(1976) showed a faster response (although non-significant) of the combination of
150mg imipramine and 50 mg ethinyl estradiol when compared to a combination
of 150 mg imipramine and placebo. Zohar et al. (1985) failed to demonstrate a
beneficial effect of oestrogen in combination with imipramine in female TRD
patients when compared to the combination of imipramine and placebo, although
a few patients had a remarkable response.
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Inflammatory Response System andTRD

The status of the immune system in depression has been studied since the 1980s.
Results suggest that antidepressants of several classes decrease the production of
pro-inflammatory cytokines such as interferon-gamma and tumour necrosis
factor-alpha, and increase that of interleukin-10, an anti-inflammatory cytokine.
Studies with animal models and cytokine immune therapy in humans suggest that
pro-inflammatory cytokines induce depressive symptomatology. Moreover, these
depressive symptoms can be effectively reversed by antidepressant treatment
(Kenis and Maes, 2002). Sluzewska et al. (1996a) studied acute phase proteins
(APP) in depressive patients.They showed that 75% of patients within this sample
showed elevated levels of APPs. Moreover, patients considered as stage 2 or 3 resis-
tant (see above) showed a specific glycosylation pattern of a-1-acid glycoprotein
(AGP) and a-1-chimotrypsine (ACT), linked to the longest illness and episode
duration. The same group also found a positive correlation between morning
cortisol levels and concentration of interleukin-6, AGP and ACT inTRD patients
(Sluzewska,1996b).Ona clinical aspect, lithiumaugmentation inTRDpatients has
been found to modulate and to ‘normalize’APP levels, according to response/non-
response inTRD (Sluzewska,1994).This phenomenonmight be related to elevation
of glucocorticoids in TRD, suggesting that some TRD patients with an immune
disturbance could take advantage of a treatment that modulates glucocorticoid
levels (Amsterdam et al., 1994; Sluzewska et al., 2001).

Serotonin andTRD

Serotonin (5-HT) has been studied for decades in depression. Several lines of
evidence have established that 5-HT plays a key role in the occurrence and the
management of depression (Maes and Meltzer, 1995). In TRD, possible causes
have been identified that could explain the lack of response when prescribing a anti-
depressant (for review seeMeltzer et al.,1994).Tryptophan (TRP), the precursor of
5-HT, determines in part the synthesis of central 5-HT (Fernstrom et al., 1973).
Even TRP alone is not sufficient in depression and TRD, studies have reported
TRP to augment the antidepressant effect of MAOIs (Pare, 1963). A limited avail-
ability or an excessive clearance of plasma TRP could therefore explain a
insufficient response to antidepressants. On the other side, different attempts to
study the serotonergic system in patients, e.g. platelet measures such as 5-HTuptake
and uptake sites, hormone or temperature responses toTRP or cerebrospinal fluid
(CSF) 5-hydroxyindolacetic acid (5-HIAA) level, the major serotonin metabolite,
have been proposed in order to examine possible serotonergic predictors of response
or non-response but no consistent pattern has emerged (Meltzer et al., 1994). For
example, a classic work fromVan Praag et al. (1978) demonstrated that depressed
patients with low CSF 5-HIAA respond better than patients with normal CSF 5-
HIAA to treatment to 5-hydroxytryptophan.We can therefore conclude that, even
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though the serotonergic system plays a major role in depression, no clear seroto-
nergic exist so far that could predict response to treatment.

Pharmacogenetics

Besides environmental factors, family, twin, adoption and segregation studies have
evidenced the genetic implication in mood disorders and major depression
(Mendlewicz, 1994). Nevertheless, it becomes more and more obvious that the
pattern of inheritance is complex, involving genetic and environmental inter-
actions. Hundreds of linkage and case^control association studies have been
conducted since the late 1970s in the field of genetics of affective disorders (Souery
et al., 2001). Pharmacogenetics is the study of genetically determined, inter-
individual differences in therapeutic response to drugs and susceptibility to adverse
effects (Lerer, 2002). For a few years, pharmacogenetics has focused interest since it
has been substantially supported in the literature that genetic factors play a role in
response to antidepressants (Lerer andMacciardi, 2002).

Most recent studies studiedmainly genes implicated in serotonergic pathway (for
exhaustive review see Lerer and Macciardi, 2002). From the initial observation of
Smeraldi et al. (1998) who determined that the serotonin transporter (5-HTT)
linked polymorphic region (5-HTTLPR) was associated with response to fluvox-
amine, several studies have confirmed the implication of 5-HTTLPR in
treatment-response. Other genes related to the serotonergic pathway, such as the
tryptophan hydroxylase (rate-limiting enzyme in the 5-HT biosynthesis) gene and
the 5-HT2A receptor gene, havebeen studied in case^control association studiesbut
replication studies are needed to confirm their implication in treatment response
(Serretti et al., 2001a, 2001b; Cusin et al., 2002).

A insertion-deletion (I/D) polymorphism has been identified within the angio-
tensin converting enzyme (ACE) gene. At a central level, the primary function of
ACE is the degradation of neuropeptides including substance P (SP), thought to be
associated with depression since an SP antagonist (MK-869) has been shown to
have a similar antidepressant profile to that of paroxetine in unipolar depressed
patients (Kramer et al., 1998). Baghai et al. (2001) have shown that the D-allele
carriers had better response to treatment and shorter duration of hospitalization.

Pharmacogenetics is currently a growing field. Despite methodological and
statistical issues (not discussed here), new tools and technologies in pharmaco-
genetics will help us in the search for genetic predictive factors in antidepressant
response.

TREATMENT STRATEGIES IN TRD

Treatment of resistant depression should entail a comprehensive treatment algo-
rithm whereby treatment is optimized and comorbid conditions are identified
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(O’Reardon and Amsterdam, 2001). In this context,TRD can be defined as failure
to respond to two adequate trials of different classes of antidepressants (i.e. consecu-
tive treatments with two different antidepressants, each given separately in an
adequate dosage for a period of at least six to eight weeks). Evidence is available for
TRD management in augmentation, switching and combination strategies. Other
options are also considered.

Augmentation Strategies

In the augmentation strategy, the clinician seeks a synergistic interaction between
different therapeutic agents. The most used augmentation agent is lithium since
several studies have shown that the addition of 600 mg/day or more leads to better
chances of response inTRDpatients, with response rates of up to 50% (deMontigny
et al., 1983; Heninger et al., 1983; Schopf et al., 1989; Stein and Bernadt, 1993). A
lithium level of at least 0.6 mmol/l should be reached (O’Reardon and Amsterdam,
2001). However, side effectsmay limit its use in clinical practice. Another augmenta-
tion strategy that has focused attention is addition of thyroid hormones with a
response range of 25% to 60% when associated withTCA in several randomized,
double-blind, placebo-controlled studies (Goodwin et al., 1982; Joffe et al., 1993).
Buspirone, dopaminergic drugs, psychostimulants, modafinil, atypical anti-
psychotics such as risperidone and olanzapine, anticonvulsants, inositol, opiates,
oestrogen and DHEA have been proposed in augmentation management of TRD,
but no definitive data are available on their efficacy. Finally, two open studies have
suggested a possible use for pindolol augmentation inTRD (Artigas et al., 1994;
Blier and Bergeron,1995) but controlled studies have failed to confirmanadvantage
over placebo in this group of patients with pindolol augmentation (Moreno et al.,
1997; Perez et al., 1999).

Switching Strategies

Switching between drugs is often simpler with less risk of drug^drug interaction.
The question remains if one should switch within a class (i.e. from a failed SSRI
treatment to a second SSRI) or out of the class to another antidepressant (i.e. from
SSRIs toMAOIs, or fromSSRIs to SNRIs). A number of studies support the value of
switching from one SSRI to a different SSRI. Other strategies, for example,
switching from a serotonergic to a noradrenergic agent, seem reasonable as they
are related to the concepts of ‘serotonergic’ versus ‘adrenergic’depression ^ that is
to say, should some depressed patients who are not responding to serotonergicmedi-
cation be switched to adrenergic medications and vice versa. As this hypothesis is
not yet resolved, it deserves further research (Marengell, 2001).
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Combination Strategies

Combination strategies are those involving the concomitant use of two agents with
well-established antidepressant efficacy.The typical rationale is that of broadening
the action on the central nervous system by combining agents affecting different
neurotransmitter systems. For example, the combination of mirtazapine and
SSRIs has been reported effective in a double-blind study of TRD patients
(Carpenter et al., 2002). The combination of TCA and SSRIs may be effective in
resistant patients (Kraus et al., 1996) but lower doses of TCAs are required, due to
the competition at the cytochrome P450 2D6. Nevertheless, there is limited
evidence, mostly in uncontrolled studies, supporting the efficacy of combination
antidepressant treatment. Further randomized controlled trials with larger sample
sizes are required to demonstrate the efficacy of a combination antidepressant
strategy for patients with treatment-resistant depression (Lam et al., 2002).

AlternativeTreatments

For delusional depression and treatment-refractory depression, electroconvulsive
therapy (ECT) may be highly effective (Abrams, 1992). ECT is also helpful in
moderate-to-severe depression.

Light therapy (e.g. 10 000 lux for 0.5^1h/day or 2500 lux for 2^4 h/day) is the
treatment of choice for seasonal affective disorder and, in combination with phar-
macotherapy, a possible additive treatment strategy for non-seasonal depression
(Kasper and Neumeister, 1998).

A few preparations of StJohn’s wort in high concentration (e.g. Jarsin or Neuro-
plant 900 mg/day) have been demonstrated in controlled trials to be effective in
mild-to-moderate depression (LaFrance et al., 2000). However, evidence of signifi-
cant adverse drug interactions with St John’s wort should not be overlooked
(Boehnlein and Oakley, 2002).

Sleep deprivation (SD) has been studied in controlled trials in research settings,
and appears to be effective in the treatment of some depressed patients, although the
effects are short-lived (Giedke and Schwarzler, 2002).

When considering experimental approaches, transcranial magnetic stimulation
(TMS) has been studied for its possible clinical applicability. Although statistically
significant treatment effects have been found in open and controlled trials, a clini-
cally meaningful response has not yet been demonstrated (McNamara et al., 2001;
Schlaepfer et al, 2002). Technically, repeated rhythmic TMS (repetitive TMS or
rTMS) seems to be the most effective technique. Further studies are necessary to
clarify the relevant methodology and the regions of the brain that should be
stimulated.

Some authors believe that vagus nerve stimulation (VNS) may ultimately prove
useful, but this has to be proved in positive randomized controlled trials (Sackeim et
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al., 2001), but severe side effects including apathy may limit their future use
(Matthews, 2003).

Finally, specific stereotactic techniques might prove to be helpful in the neurosur-
gical treatment of severe forms of TRD (Malhi and Bartlett, 2000).

CLINICAL DECISION TREE

Kasper, Zohar and Stein propose a possible way to deal with the treatment
complexity of TRD via a ‘decision tree’, i.e. to provide a scheme of possibilities for
the different stages of treatment, leaving the treating psychiatrist the flexibility to
‘match’ the best option according to the specific profile of the relevant patient
(Kasper et al., 2002). See Figure 12.1. As there are different levels of evidence
backing each intervention, each was coded by a colour signifying its confidence
level (represented by different tints in Figure12.1).

CONCLUSIONS

Treatment-resistant depression occupies more and more of psychiatrists’ time, espe-
cially nowadays, whenmanydepressed patients are being treatedbyGPswith SSRIs
and are sent to psychiatrists only if they do not respond.These resistant patients also
present a significant therapeutic challenge for the treating psychiatrists.

After careful reviewof issues such as diagnosis, dose, and treatment duration, and
ruling out a possible medical condition, the diagnosis of resistant depression is
warranted. Although the current knowledge about the biology of TRD is lacking,
it is becoming increasingly clear that when the diagnosis is made, it does not mean
that there is a ‘bad’ patient (who does not want to improve) or a ‘bad’ physician (a
psychiatrist who does not know how to treat the patient). It actually means that the
relevant patient belongs to a substantial group of patients (20^30%) who are truly
treatment-resistant, andprobably reflect one of several subtypes of depressionwhich
are yet to be identified. However, as neither the patient nor the psychiatrist can sit
and wait for the full mystery of depression to be unfolded, clinical steps need to be
taken. In this chapter, in Figure12.1, we have given the different decisions that could
be taken different weights of tint based on their ‘confidence level’and placed them in
a ‘decision tree’. This might help the psychiatrist to build a ‘road map’ for future
treatment. This plan, which should be carefully played out while taking into
account the past history of the patient, the past response to treatment and the
current medical condition (if there is a hepatic problem, to give medication that
excretes by the kidney, if heart problem to choose antidepressants that do not affect
the heart, if a female of child-bearingage, to try to take into account antidepressants
which are not teratogenic etc.). Only then, and based on all the available data (i.e.
‘confidence level’), appropriate steps should be initiated.
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Although the data of what one should do beyond the second step is quite limited,
there are some data that might help to decide what to do and what not to do, and in
which order, taking into consideration the relative efficacy on one hand and the
specific profile of the patient on the other.

The treatment should then be delivered, preferably after consultation with a
trusted colleague, while making sure that each step that is taken is actually being
tested thoroughly and adequately. At these stages, taking short cuts and jumping
from one strategy to another not only deprives the psychiatrists of adequate infor-
mation for future intervention, but also might hurt the therapeutic
relationships ^ the confidence of the patient that he will be led along the rough
road ahead by a competent guide.

It is clear that an additional effort should be put into research both of the biolo-
gical basis as well as the therapeutic steps that need tobe taken once a truly resistant
patient is identified. This kind of research needs to be built on better and clearer
concept and definition acknowledging the polymorphism of this difficult yet quite
common phenomenon. Until then the therapeutic intervention should include, on
top of a well-thought-out and carefully built plan of treatment, a fundamental
value including empathy, comforting and support, along with a confidence, which
might only derive from in-depth knowledge of the current state of the art in treating
those difficult-to-treat patients.

This chapter hasbeen aimedat pointing out the state of the art (including some of
the current conceptual dilemmas) in this challenging area of psychiatry.
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Brain Stimulation in Depression

Thomas E. Schlaepfer1,2 and Markus Kosel1
1University Hospital Bern, Bern, Switzerland

2TheJohns Hopkins University School ofMedicine, Baltimore,MD,USA

INTRODUCTION

It should be clear that pharmacologic treatments and special forms of
psychotherapy have an important role to play in patients suffering frommooddisor-
ders. However, a large proportion of patients with depression do not improve
substantially even after two treatment trials using antidepressant drugs of different
classes for at least six weeks at a standard dose agreed on asbeing generally effective.
Methods of direct or indirect stimulation of the brain have been evaluated and used
for the treatment of these treatment-refractory forms of depression for about a
century now. But only relatively recently, due to technical advances and better
knowledge about the neurobiology of the stimulation effects, broad interest in
these methods has emerged.

Currently one method is clinically used for the treatment of affective disorders
(electroconvulsive therapy (ECT) and four more methodologies under investiga-
tion (repetitive transcranial magnetic stimulation (rTMS), magnetic seizure
therapy (MST), vagus nerve stimulation (VNS) and deep brain stimulation
(DBS)). Reflecting the current state of research we will focus onTMS and VNS
because these methods have received most interest.

ECT has been in continuous use in psychiatry for almost 70 years, and remains
the most effective and most rapidly acting treatment for severe depression with a
very benign side-effect profile (Fink, 1985). In 1938, chemical induction methods
were replaced by electrical induction. In the 1950s, the introduction of general
anaesthesia greatly reduced morbidity from the treatment. The move from sine
wave ECT to brief pulse stimulation during the 1980s significantly reduced the
severity of cognitive side effects of the treatment, andprovided the first clear demon-
stration that the type of electrical current applied to the scalp was a major
determinant of side effects (Weiner et al., 1986). Recent research has extended that
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finding by showing that electrode placement interacts with electrical dosage in
determining efficacy as well as side effects (Sackeim et al., 2000). Challenges facing
the field of convulsive therapy today include maintaining response following an
effective course of ECTand minimizing cognitive side effects. It is important to
note, however, that these side effects are of minor importance when treating a life-
threatening illness (Cuijpers and Smit, 2002) with a mortality rate of up to 20%
(Wulsin et al., 1999). Still, it is of obvious importance to investigate the underlying
mechanisms of the treatment in order to understandeffect and side effectsbetter and
thus to improve acceptance of the therapy for patients and the public at large. One
important avenue of research is the recent work on magnetic seizure therapy
(MST), which is discussed in this chapter.Thisbrain stimulation therapy has appar-
ently a much more benign side-effect profile with hopefully the same efficacy as
ECT.

One very recent development is the adoption of the method of deep brain stimu-
lation (DBS) as a putative treatment for affective disorders. DBS is an important
FDA-approved treatment of Parkinson’s disease and other movement disorders
(Mogilner et al., 2002). Development of this technique has opened a new avenue
for research and treatment in neuropsychiatric disorders.The technical refinement,
over the past 15 years, of DBS for the treatment of movement disorders has resulted
in a renaissance in the field of functional neurosurgery. As with other brain stimula-
tion techniques, the exact mechanism of action of brain stimulation remains
unknown. Most likely, brain stimulation exerts its effects via a number of differing
but interrelated mechanisms that come into play depending on the site of stimula-
tion, the disease entity being treated, and the stimulation parameters used. DBS, at
high frequencies (approximately 100Hz or greater, as typically used clinically for
movement disorders), has been proposed to inhibit transmission via one or more of
the following actions: (1) depolarization blockade, (2) synaptic fatigue, or (3)
‘neural jamming’ (imposing a physiologically meaningless pattern of activity
within the affected circuits). Any of these phenomena would in effect produce a
‘functional lesion’, mimicking the effect of an actual therapeutic lesion procedure
via a nondestructive mechanism.

In the realm of neuropsychiatry, DBS has first been adopted for the treatment of
refractory obsessive-compulsive disorders (Greenberg et al., 2000; Hollander et al.,
2002). Interestingly, there are a few reports that DBS produced marked affective
changes in movement disorder patients (Bejjani et al., 1999; Berney et al., 2002).
This suggests that DBS can modulate activity in neural circuits important in
psychopathological states or, potentially, in the response to treatment. As the intri-
cate interplay of brain systems involved in the modulation of mood and affect
becomes more clear (Keightley et al., 2003; Mayberg, 1997, 2002) it is obvious that
DBS ^ which affords stimulation at subcortical localizations ^ will be used as a
putative treatment for particularly refractory patients. It may well be, that DBS
turns out to be the most efficacious brain stimulation technique in the treatment of
affective disorders due to its focality. Studies researching this method are in an early
planning stage in the USA and Europe.
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TRANSCRANIAL MAGNETIC STIMULATION (TMS)

Principle of the Method

With the observation of Faraday in 1831, that a time-varying magnetic field can
induce a current in a nearby conductor, the theoretical basis of inducing depolar-
izing currents by electromagnetic coils was established. The French scientist
d’Arsonval reported on the first human application of transcranial magnetic stimu-
lation (TMS) already in 1896. He was able to induce phosphenes (flickering-light
sensation, not elicited by visual perception), vertigo and syncope in subjects whose
headwas placed in a large electromagnetic coil. In1959,Kolin demonstrated for the
first time that an alternating magnetic field is able to stimulate a sciatic frog nerve
and could induce contractions of the gastrocnemic muscle. In 1965, Bickford was
able to induce muscle twitching in humans by applying a pulsed magnetic field
with a maximum field-strength of 20 000 to 30 000 gauss to ulnar, peroneal and
sciatic nerves (Geddes,1991).

Barker first demonstrated the induction of muscle potentials by magnetic stimu-
lation of the central nervous system in1985 (Barker et al.,1985). He inducedmuscle
twitching with a coil of 10 cm diameter placed on the scalp over themotor cortex. A
brief pulse of 110 ms with apeak current of 4000 amperes was applied andpulses at a
maximal rate of 0.33Hz were delivered.

With the possibility of stimulating the motor cortex non-invasively (Figures 13.1
and13.2),TMS replaced high-voltage transcutaneous electrical stimulation used in
clinical studiesmainly tomeasure centralmotor conduction time.This variablemay
be altered by a variety of neurological disorders such as multiple sclerosis, amyo-
trophic lateral sclerosis, cervical myelopathy and degenerative ataxic disorders. It
seems thatTMShas great potential in the intraoperativemonitoring of the integrity
of motor tracts during surgery of the brain and spinal tract (Murray,1991).TMShas
subsequently found diagnostic use in neurology for disorders such as demyelinating
diseases involving the excitability and the connections of the motor cortex with
other parts of the nervous system involved in motor pathways (Ziemann and
Hallett, 2000).

With recent technology, single- or paired-pulse techniques that are used to assess
brain physiology and pathophysiology as well as repetitive TMS (rTMS, high-
frequency rTMS: stimulation faster than 1Hz, low-frequency rTMS: stimulation
at1or less Hz) up to 80Hz can be delivered.

Delivery of RepetitiveTranscranial Magnetic Stimulation
(rTMS)

The equipment necessary for delivering TMS consists basically of two parts: the
stimulator, which generates brief pulses of strong electrical currents ^ frequency
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and intensity of the current pulses, as well as train duration and intertrain interval
can be varied ^ and a stimulation coil connected to the stimulator.

The TMS stimulus interfering with the brain consists of very strong pulsating
magnetic fields changing amplitude from 0 to 1.5 tesla in a few milliseconds. The
shape of the magnetic field depends on the design of the coil. There are circular
coils with a cylinder-shaped field, figure-8 coils with a more focal field (maximum
strength at the intersection of the two circles) and iron core coils that also generate
focal fields with a maximum strength in the centre of the coil. Older coil models
using water or air-cooling have to be connected to water circulation or a ventilating
system.The magnetic field generated by the coil is perpendicular to its surface and
passes unimpeded through the skin and the skull. Since the strength of magnetic
fields declines exponentially with distance from the inducing conductor, depolar-
izing of neurons occurs only to a distance of 2^3 centimetres from the surface of
the coil.This is why only superficial structures of the brain canbe directly interfered
with. However, distant effects of the application of TMS, for example on regional
cerebral blood flow, can be measured and might be important for biological effects.
The cost of a device capable of delivering fast rTMS amounts to about $10 000^
40 000.

Side Effects of rTMS and Safety Considerations

Compared to ECT, MST, DBS andVNS, rTMS canbe considered as relatively safe
since it is non-invasive and the induction of convulsions are not required for a treat-
ment. Therefore, side effects linked to anaesthesia and convulsion do not occur.
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Figure 13.1 Transcranial magnetic stimulation (TMS): principle of action. A transient
current in a magnetic stimulating coil over the scalp induces a small current in the brain,
which is able to activate neural elements in the motor cortex



There are, however, side effects directly linked to the application of rTMS or occur-
ring up to a few hours later. Of major concern are involuntarily induced epileptic
seizure, local pain during application, changes in auditory performance due to the
noise generated in the coil and headache, as well as the concern of alterations of
cognitive functions. Until now, in research applications, mainly short-term
problems (application of TMS, follow-up of a few weeks) were addressed. But also
long-term concerns have to be addressed. These might include long-lasting cogni-
tive impairment which is the most frequent unwanted long-term side effect of ECT,
sleep problems or potentially problems linked to effects of the influence of the strong
magnetic fields on the brain.

Seizures

The risk of causing a seizure is the primary safety concern withTMS. Even though
this risk is primarily associated with rTMS, single pulse stimulation has also been
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Figure 13.2 Practical use of repetitive transcranial magnetic stimulation (rTMS).This is a
common setting for nonconvulsive rTMS studies in neuropsychiatry. Patients are awake,
sitting relaxed in a chair while stimulation (here to the left dorsolateral prefrontal cortex) is
applied. A typical stimulator, here with four booster modules, affording high-frequency
stimulation is used. Note the oxygen tank nearby, which would be used as most important
therapy in the event of a seizure developing. Having a Freud-like picture in the room as
depicted here is not germane to maximizing treatment efficacy but is certainly helpful.
(Photograph reproduced with permission)



reported to produce seizures in patients with large cerebral infarcts, contusions or
other structural brain lesions. According toWassermann (Wassermann, 2000), in
patients with completely subcortical lesions, no seizures are reported. According to
the same author, there are a few articles reporting the induction of seizures in
epilepsy patients without gross lesions.

Cognitive impairment

Mainly short-term observations concerning cognitive function afterTMS adminis-
tration are available. rTMS can produce transient disruption of various cerebral
functions, depending on the site of stimulation. Observations reported include a
significant decrease in a memory subtest within an hour after stimulation with 150
trains of rTMS at 15Hz and120%motor threshold delivered at four different posi-
tions (Flitman et al., 1998). Commenting on these results, Lorberbaum concludes,
that these cognitive effects were due to subconvulsive epileptic activity or that the
threshold for adverse effects onmemory might be near that of seizure (Lorberbaum
and Wassermann, 2000). Loo reported results from a study where 12 subjects
suffering from major depression received rTMS during four weeks. No significant
changes in neuropsychological functioning after four weeks were observed (Loo et
al., 2001).

Hearing

No significant changes in auditory threshold were observed in a study involving12
depressed subjects undergoing rTMS during four weeks when assessed for four
weeks after the end of the study (Loo et al., 2001).

Headache

The application of TMS may cause local pain resulting from direct stimulation of
muscles underlying the coil and from stimulation of facial and scalp nerves. It is
generally more painful at higher intensities and frequencies. About 5^20% of
subjects experience tension headache subsequently (George et al., 1999).

Potential Long-term Effects

There is of course legitimate concern whether the application of rTMSmight cause
brain damage in the widest sense. Mechanisms discussed are heating of neuronal
tissue, exocitotoxicity and any influences of magnetic fields. As with other side
effects, besides the occurrence of seizure, there are very few data and no thorough
investigations available which would address these questions. There are, however,
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after the administration of TMS and rTMS to many thousand subjects, no indica-
tions that their application might cause brain damage.

Basic Effects Induced byTMS

Ji demonstrated that one single train of rTMSapplied to rats in vivo inducedc-fos and
c-jun expression in different brain regions and among them in key regions control-
ling circadian biological rhythms (Ji et al., 1998). Similar stimulation parameters
have earlier been shown to have efficacy in an animal model of depression (Fleisch-
mann et al., 1995).These findings might point to a possible antidepressant mode of
action of TMS effects via circadian rhythms. The finding that immediate^early
gene expression is modified by TMS has been replicated and further examined
recently by other authors, both in vivo and in vitro (Doi et al., 2001; Hausmann et
al., 2001).

Keckmeasuredmodulatory effects of frontal rTMS in rat brain in vivousing intra-
cerebral microdialysis (Keck et al., 2000). There was a continuous reduction in
arginine vasopressin release of up to 50%within the hypothalamic paraventricular
nucleus in response to rTMS. In contrast, the release of taurine, aspartate and serine
was selectively stimulated within this nucleus by rTMS. Furthermore, in the dorsal
hippocampus the extracellular concentration of dopaminewas elevated in response
to rTMS.

By using positron emission tomography (PET), a diminished 11C raclopride
binding to dopamine receptors in the left dorsal caudate nucleus could be measured
in eight volunteers after left dorsolateral prefrontal cortex rTMS.This implies, that
rTMS can trigger the dopamine release in these brain structures (Strafellea et al.,
2001). Several studies documented the effect of rTMS on human blood hormone
levels. They include effects on cortisol, prolactin and thyroid stimulating hormone
(TSH). Actual results cannot be considered as conclusive.They indicate, however,
thatTMS might significantly influence endocrine functions of the brain (Cohrs et
al., 1998; George et al., 1996; Szuba et al., 2001). TMS can transiently disrupt or
induce activity in focal brain regions, depending on the region stimulated. Applied
to the visual cortex for example, strong TMS can produce phosphenes and a
stimulus of lower intensity may induce transient scotomas (Hallett, 2000). Also
other functions, such as linguistic processing, can be investigated with rTMS
(Flitman et al., 1998). Peinemann reported a neuromodulatory effect of sub-
threshold high-frequency rTMS in 10 subjects. After 1250 stimulations at 90%
motor threshold, an intracortical inhibition could be measured which lasted at
least 10minutes after the rTMS stimulation (Peinemann et al., 2000).

The combination of non-invasive stimulation of the brain coupled with func-
tional neuroimaging techniques offers new opportunities to investigate functions of
the human brain. It also makes it possible to visualize effects of TMS which are
documented to occur at distant sites from the stimulation (Paus et al., 1997). In
another study, 10 medication-free subjects suffering from major depression (eight

BRAIN STIMULATION IN DEPRESSION __________________________________________________ 409



unipolar, two bipolar), received in a crossover, randomized study rTMS at the left
prefrontal cortex, at 100% motor threshold, at 20Hz or 1Hz. With 20Hz, an
increase in rCBF in the prefrontal cortex left 4right, cingulate gyrus left
44right, left amygdala, bilateral insula, basal ganglia, uncus hippocampus, para-
hippocampus, thalamus, cerebellum was observed; with 1Hz only decreases in
rCBF: right prefrontal cortex, left medial cortex, left basal ganglia, left amygdala.
Individuals that improved with one frequency concerning their depressive symp-
toms worsened with the other (Speer et al., 2000).

All these approaches from different areas of neuroscience convergingly show that
TMS has prominent and reproducible effects on the brain, which is certainly
encouraging and setsTMS apart from some other putative approaches to treating
neuropsychiatric disorders (Hallett, 2000). The problem is, that the connection
from cellular levels to complex behavioural changes ^ such as those observed in
depression ^ is difficult to make. The field has suffered somewhat from a ‘top
down’approach inwhich early promising results in depression have led to an enthu-
siasm for clinical studies without sufficient neuroscientific foundations. Approaches
integrating findings from all levels of biological systems are extremely important
and should be undertaken in order to support the ongoing clinical research.

rTMS as a PutativeTreatment for Mood Disorders

In 1987 Bickford made an observation which changed the whole field of neuropsy-
chiatric TMS research. He described transient mood elevation in several normal
volunteers receiving single pulse stimulations to the motor cortex (Bickford et al.,
1987).This was the starting point of the scientific investigation of effects of depolar-
izing magnetic fields on a variety of neuropsychiatric disorders. Subsequently,
unblinded pilot studies of TMS with depressed patients were done using single
pulse stimulations at frequencies less than 0.3Hz (Grisaru et al., 1994; H˛flich et
al., 1993; Kolbinger et al., 1995). In these studies relatively large areas under the
vertex were stimulated bilaterally and all involved only a few subjects. More recent
work has suggested that rTMS at 1Hz with a round coil may have some value in
depression (Klein et al., 1999).

After studies onmood alteration in healthy volunteers and open studies involving
only very few subjects, the first subject-blinded, rTMS study involving 17 patients
suffering from treatment-resistant major depression, psychotic subtype, was
published by Pascual-Leone (Pascual-Leone et al., 1996). More recently, larger
studies have been conducted and researchers have attempted to establish mean-
ingful sham conditions.These include

(a) stimulations at different cortical sites (e.g. right prefrontal vs. left prefrontal
cortex in depression),

(b) placement of the stimulation coil not tangentially to the headbut tilted at 458 or
(c) 908.
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Therapeutic effects were not only investigates in mood disorders but also in other
psychiatric disorders, such as anxiety, schizophrenia and tic disorders. Other studies
investigated the basic neurobiology of TMS effects at different levels. TMS techni-
ques also allowed investigations of neuronal connectivityand functionality of neural
circuits (George et al., 2000b; Ziemann and Hallett, 2000). An important recent
development is the combination of TMS with functional imaging; this approach
affords testing of important novel hypotheses onTMS effects.

It is crucial to note that today rTMS is not indicated as a clinical treatment
approach in any neuropsychiatric condition.The only disorder where a substantial
bodyof information about clinical efficacy is available ismajor depression. For other
disorders, only preliminary results are available or only small, non-conclusive
studies have been conducted. rTMS has mainly been delivered to adult subjects,
older than 20 and younger than 60 years old.

The dorsolateral prefrontal cortex (DLPFC) has been the most important target
for stimulation in depression. Converging evidence from different areas of research
support the hypothesis that mood is regulated by an interconnected network of
brain regions encompassing prefrontal, cingulate, parietal, and temporal cortical
regions as well as parts of the striatum, thalamus and hypothalamus. Lesions of
this network from tumour, infarction or transient disruption may result in mood
changes. In addition, alterations of cerebral blood flow and metabolism in the
dorsolateral, ventrolateral, orbitofrontal, and medial frontal regions, as well as the
subgenual prefrontal and anterior cingulate cortex have been demonstrated in
patients suffering from major depression (Mayberg, 1997; Soares and Mann,1997).
Studies of rTMS in mood in healthy subjects (Mosimann et al., 2000) and treat-
ment-refractory major depression selected the DLPFC as a region which is both a
key part of the network discussed above and at the same time accessible to focally
limited effects of TMS.

George reported the first open study of the antidepressant effects of rTMS in six
treatment-resistant depressed patients treated with five daily rTMS sessions to the
left DLPFC (George et al., 1995). He demonstrated that two patients in this study
experienced substantial improvement as assessed by a drop of 26% in Hamilton
Rating Scale for Depression (HRSD) scores. Open and blinded studies of rTMS to
the left DLPFC followed with varying results. Figiel showed in a comparatively
large open study that 42% of 56 patients responded to five daily rTMS sessions
with a considerably lower response rate in the elderly (Figiel et al., 1998). Triggs
demonstrated in a study of two weeks’ treatment a 41% drop in HRSD in another
open trial (Triggs et al., 1999). It is important to note that there are open studies
which have failed to find any antidepressant activity of rTMS (Schouten et al.,
1999).

Effect sizes have varied considerably in controlled, single-blinded studies of
rTMS in treatment-resistant depression. George found only modest antidepressant
efficacy of rTMS in a within-subject crossover sham-controlled study of 12
depressed patients who were treated for two weeks with stimulation to the left
DLPFC (George et al., 1997). Berman found an antidepressant response in 20
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subjects that was statistically different from sham stimulation using similar stimula-
tionparameters in aparallel design, but still only ofmodest clinical impact (Berman
et al., 2000). Both George and Berman used a low stimulation intensity of 80% of
motor threshold. Generally, it seems that the higher intensity may have been more
effective; however, Loo found no differences between active and sham rTMS using
110% of motor threshold (Loo et al., 1999). In a study looking at low frequency
rTMSKlein demonstrated in a sham-controlled trial of 71patients that 1Hz stimu-
lation to the right DLPFC was significantly more effective than sham (Klein et al.,
1999). It is unclear whether stimulation of the left hemisphere at these parameters
would have had the same effect. More recent work on rTMS treatment of acute
mania suggests that right hemisphere treatmentmaybemore effective in that condi-
tion (Grisaru et al., 1998). In a study looking at the effect of frequency, Padberg
randomized18 patients to single pulseTMS,10Hz rTMSand sham rTMS delivered
to the left DLPFC and demonstrated a mild antidepressant effect with single pulse
TMS (Padberg et al., 1999). George recently reported a sham-controlled trial in
which 20 patientswere randomly assigned to receive an equivalent number of pulses
at 5Hz or 20Hz over two weeks. Both active groups had a 45% response and no
patients responded to sham stimulation (George et al., 2000a). This suggests that
lower frequencies may have therapeutic efficacy as well, which is important because
slow rTMS is associated with a lower risk of seizure. An analysis of treatment
response and cerebral metabolism suggests that patients with hypometabolism at
baseline may respond better to high-frequency stimulation (20Hz), whereas those
with baseline hypermetabolism respond better to1Hz stimulation (Kimbrell et al.,
1999); however, the effects of rTMSonmood examined in this study were not statis-
tically significant.

In conclusion, the key findings in depression have not been systematically repli-
cated. Effect sizes have often been small and variable. A recent systematic review of
published and unpublished studies on the effectiveness of rTMS in the treatment of
refractory major depression demonstrated both a relative lack in the overall quality
of studies (compared to drug registration trials) and the lack of a main effect
(Martin et al., 2003). Sources of variability across studies include differences in
stimulation parameter settings, concomitantmedications, and patient sample char-
acteristics. In addition, simple and economical methods for precise and reliable coil
placement are needed, as this factor is probably important for effectiveness (Kozel
et al., 2000). In much of this work, the magnitude of antidepressant effects, while
often statistically significant, has been below the threshold of clinical usefulness
(Berman et al., 2000) and has not lived up to expectations raised by encouraging
results in animal studies. The disparity between the human and animal studies on
depression may relate to the differences in amount and site of stimulation between
humans and rodents (see the section on animal studies above). Furthermore, the
persistence of antidepressant effects beyond the one-to-two-week treatment period
has rarelybeen examined. Initial evidence suggests that the beneficial effectsmaybe
transitory, making the development of maintenance strategies important if rTMS is
to move to the clinic. Establishing whether nonconvulsive rTMShas antidepressant
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properties aside from their clinical usefulness is of theoretical importance, since
positive data support the notion that focally targeted manipulations of cortical
function can result in mood improvement. Nonetheless, as a clinical antidepressant
intervention, the future of rTMS is far from certain.

Large multicentre studies assessing the therapeutic efficacy of TMS, for instance
in major depression disorder, are urgently needed. To date, effects on mood
improvement of TMS has not been compared in blinded studies against established
treatments, such as pharmacotherapy and ECT.

Summary

rTMS is a relatively affordable and safe method of applying magnetic fields non-
invasively to the humanbrain.

From the viewpoint of the clinician, the following comments can be made:

(a) Today data on clinical efficacy of rTMS in mood disorders are not unequivocal
and results on other psychiatric disorders, such as schizophrenia and anxiety
disorders have tobe considered as very preliminary but nevertheless interesting
and encouraging.

(b) For the therapeutic application in mood disorders, rigorously controlled and
double-blinded multicentre trials are needed in order to address the question
of the clinical efficacy of TMS. But before that canbe done, technical problems
in the application of TMShave to be solved, e.g. more satisfactory sham condi-
tions have to be developed. Today, using analogies to pharmacological drug
development, validphase IItrials have still tobe conducted. Crucial open ques-
tions remain about medium- and long-term efficacy of TMS, prevention of
relapse and medium- and long-term side effects. There is virtually no data on
these issues since most trials have only assessed treatment response after two
weeks. rTMS has not been demonstrated to be clinically equal or even superior
to pharmacological treatment or to ECT. Double-blinded phase III trials,
comparing established drug treatments and ECTwithTMS, have still to be
conducted.

(c) There is no consensus at all about possible mechanisms of action of antidepres-
sant effects of TMS. However, this is also the case for many other treatments in
psychiatry. rTMS research is basically empirical. Many variables play a role in
rTMSanda largeparameter spacehasthereforetobecarefullyexplored inorder
to find the most efficacious treatment. It is likely that this complicated process
will be very slow, since there is not a large amount of funding for such studies.
Nevertheless, rTMSclearlyhas effects onthebrain ^ which is certainly remark-
able ^ and itmight be that rTMS is a treatmentmodality in search of a suitable
application inpsychiatry.Therefore it is of utmost importance to continue onthe
longanddifficult path of research onclinical rTMSapplications.
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(d) Today, differentTMSmethodologies have a place as diagnostic tools in neuro-
logical disorders, where neural conductivity is assessed in different, mainly
demyelinating, disorders.

From the viewpoint of the neuroscientist, TMS is a methodology with great
potential as a research tool (Hallett, 2000; Lisanby et al., 2000). This technique,
by itself and combined with other methods such as EEG and neuroimaging, may
be useful to test functional connectivity, neuroplasticity, information processing
(for example in the visual system), indirect and direct motor control, and aspects
of mood control. It affords testing of either general hypotheses of the function of
the brain at different levels and hypotheses of the underlying pathology of
neuropsychiatric disorders. Even if the early enthusiasm, which prevailed after
early studies of clinical effects in the treatment of mood disorders settled down
somewhat, rTMS will be even more useful as an investigational tool of basic and
clinical research.

MAGNETIC SEIZURETHERAPY (MST)

Magnetic seizure therapy (MST) refers to the intentional induction of a seizure for
therapeutic purposes using repetitive transcranial magnetic stimulation (rTMS).
Like rTMS, DBS andVNS, MST is not at present FDA-approved for therapeutic
application, but it is under investigation as a more focal form of convulsive therapy
that has been hypothesized to carry fewer side effects than ECT.

Two observations led to the start of research about MST as a more targeted
form of ECT: (a) there were some indications that rTMS stimulation at higher
amplitudes might be more efficacious in the treatment of depressive disorder; (b)
the established fact that therapeutic seizures have a strong and reliable effect in
depression. Efficacy and side effects of ECT seem to be dependent upon the path
of the current passed through the brain (Sackeim et al., 2000). Therefore,
targeting seizures to focal cortical areas, such as regions of the prefrontal cortex,
may reduce some side effects of convulsive treatment. The electrical field induced
by magnetic stimulation is more focal than the one induced by ECT and only
penetrates about 2 cm below the scalp, so its direct effects are confined to super-
ficial cortex (Epstein, 1990). Thus, MSToffers more precise control over current
paths in the cortex than the transcranial application of electricity. MST has now
been tested in proof of concept studies both in nonhuman primates and patients
(Lisanby et al., 2001a, 2001b) and preliminary results on cognitive side effects of
the treatment compared to those of ECT have been obtained (Lisanby et al.,
2003). Much additional research is needed to evaluate the putative clinical effi-
cacy of this approach and to determine whether it has significant advantages
over ECT.

Preliminary studies in nonhuman primates carried out at Columbia University
indicated that commercially available magnetic stimulators were not powerful
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enough to reliably induce seizures in an anaesthetized animal (Lisanby et al.,
2001a). In order to overcome the anticonvulsant effects of anaesthesia, it was
necessary to increase the maximal device output (60Hz, 100% maximal intensity,
6.6 seconds). The first MST-induced seizure in an anaesthetized animal was
performed in 1998 (Lisanby et al., 2001a). The first patient to receive MSTwas
treated in 2000 in Bern, Switzerland, in the context of an IRB approved case study
(Lisanby et al., 2001b). Shewas a 20-year-old inpatient with a severemajor depres-
sive episode referred for convulsive therapy due to failure to respond to adequate
psychopharmacology. MST was administered in an ECT suite, under the same
general anaesthetic regimen as used for ECT.The MST procedure was performed
three times per week and was similar to clinical ECT procedures. Earplugs were
inserted to protect hearing and EEG electrodes were modified to prevent heating
that can be caused by MST. Following the induction of anaesthesia and muscular
relaxation, theTMS coil was placed on the scalp and a single high-intensity train
of magnetic stimulation was administered.

With high-intensity stimulation, MST induced generalized tonic-clonic seizures
resembling ECTin their motormanifestations, but differingmarkedly from ECTin
the speed of postictal recovery of orientation and in the lack of significant side
effects. As thiswas the first humanuse ofMSTand its clinical efficacy was unknown,
we only administered four MST treatments at the onset of her treatment course.
Following these four treatments, the patient experienced a 50% drop in her depres-
sion scores.The treatments werewell-tolerated and the only reported side effect was
amild headache after one of the treatments.There were no subjective complaints of
memory problems. Mini Mental State Examination (MMSE) score remained
unchanged throughout the treatment course, but more extensive neuropsycholo-
gical testing was not performed. After completing her four MST sessions, the
patient went on to receive ECT treatments to further reduce her symptoms and
prevent relapse. Following this initial proof of concept case study, approval was
obtained from the FDA and local IRB to conduct a feasibility trial of MST in the
USA and another trial assessing efficacy of MST is under way in Switzerland. To
date (2003) about two dozen patients suffering from refractory major depression
have receivedMST in this trial.

MST is at present at a very early stage of development, and its ultimate clinical
value in the treatment of major depression or other neuropsychiatric diseases is not
yet known. Preliminary work in nonhuman primates and in patients with major
depression demonstrates the feasibility of MST. Results to date suggest that seizures
induced with MSTdiffer from those induced with ECT in their length, degree of
ictal expression, and degree of postictal suppression.While the number of patients
receiving the treatment to date is small, there are preliminary suggestions thatMST
may have benefits over ECT in some measures of acute cognitive side effects,
especially attention and orientation recovery (Lisanby et al., 2003). Clinical
trials of the efficacy and side effects of a complete course of MST are under
way, and will be important to determine whether MST has clinical value in the
treatment of depression.
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VAGUS NERVE STIMULATION (VNS)

Principle of VNS

Vagus nerve stimulation (VNS) in humans refers generally to stimulation of the left
vagus nerve at the cervical level using the NeuroCybernetic Prosthesis (NCP,
Cyberonics Inc., Houston, TX, USA) system. The first clinical investigations of
VNS in humans with this system were carried out in 1988 for the treatment of
intractable partial seizures (Penry and Dean, 1990). The development of the NCP
was initiated on the basis of animal model experiments showing that stimulation of
the vagus nerve aborted or reduced seizures (Terry et al., 1990). Since 1988, more
than 16 000 NCP-systems have been implanted in patients suffering from epilepsy
(Schachter, 2002). The FDA approved the NCP system in 1997 as an adjunctive
therapy in reducing the frequency of seizures in adults and adolescents over 12
years of age with partial onset seizures that are refractory to antiepileptic medica-
tions. In 2001,VNSwas approved for a CEmark (indicating compliancewith safety
andenvironmental regulations) in themember countries of the EuropeanUnion for
treatment of adults with treatment-resistant or treatment-intolerant chronic or
recurrent depression, including unipolar and bipolar depression. TodayVNS is an
established and safe treatment of drug-resistant partial-onset seizures. In a recent
Cochrane Review two randomized double-blind trials (both sponsored by Cyberonics
Inc., results published by theVNS study group1995 (E03-study) and by Handforth
et al. (1998) (E05-study)) were analysed with regard to reduction in seizure
frequency and side effects in patients suffering from drug-resistant partial epilepsy
(Privitera et al., 2002).

The NCP system consists of three parts: (1) the implantable, multi-program-
mable bipolar NCP pulse generator which is similar to a cardiac pacemaker in
size and shape. The pulse generator is housed in a hermetically sealed titanium
case and is powered by a single battery (estimated life varying according to
models and stimulation parameters between 0.49 and 16.4 years, at usual stimula-
tion parameters about 5^10 years); (2) two helical electrodes which are wrapped
around the left vagus nerve and are linked to the pulse generator by a bipolar
lead; and (3) a programming wand linked to a computer running programming
software which allows non-invasive programming, functional assessment (device
diagnostics) and data retrieval. The pulse generator is implanted in a subcuta-
neous chest pocket just below the clavicle whereas the electrodes are attached to
the vagus nerve made accessible by an incision at the level of the neck.Through a
subcutaneous tunnel the electrodes are linked to the pulse generator. The implan-
tation procedure has to be performed by a properly trained physician experienced
in operating in the carotid sheath. The surgical procedure, including functional
tests of the system is generally performed in about two hours in an outpatient
setting. The system is able to deliver electrical impulses at frequencies between 1
and 145Hz, at 0 to 12mA with a pulse width varying from 130 to 1000 ms at on-
times ranging from 7 to 270 s and off-times ranging from 0.2 to 180min. A
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magnet allows the patient to induceVNS during an aura or at the beginning of a
seizure by applying or passing the magnet over the pulse generator (Cyberonics
Inc., 2001).

The left vagus nerve is the anatomical structure immediately influenced by the
NCP system. In the neck, each vagus nerve lies within the carotid sheet, between
the carotid artery and the jugular vein. The vagus nerves leave the skull through
the jugular foramina and are attached by multiple rootlets to the medulla. They
are mixed nerves, carrying about 80% afferent nerve fibres. In its cervical portion,
the vagus nerves contain narrow-calibre, unmyelinated C-fibres, myelinated inter-
mediate-calibre B-fibres and thickerA-fibres. Most of the cell bodies of the afferent
cells are located in the vagal jugular and the nodose ganglia andproject primarily to
the nucleus tractus solitarius (NTS) but also to the area postrema, the spinal
trigeminal nucleus, the medullary reticular formation, the dorsal nucleus of the
vagus and the nucleus ambiguous (Henry, 2002). Neurons of the NTS nucleus
project to numerous areas in the forebrain and the brainstem including indirect
projections into the locus coeruleus anddiffuse connections to the cortex. Important
structures thought to mediate antiepileptic effects receiving projections from the
NTS include the amygdala and the thalamus. The cell bodies of the efferent fibres
are located in the nucleus ambiguous and the dorsal motor nucleus of the vagus
nerve. They provide innervations of the heart, aorta, lungs, the gastrointestinal
tract and also the voluntary striated muscles of the larynx and pharynx (George et
al., 2000c; Vonck et al., 2001). The right vagal nerve mainly influences heart rate
(Sitdikov et al., 2000). The build-up of the different parts of the vagal system ^
afferent and efferent parts, with their respective brainstem nuclei (NTS and nucleus
ambiguous as well as the dorsal nucleus of the vagus nerve) and the asymmetric
distribution of function with the right vagal nerve preferentially involved in the
chronotropic regulation of the heart ^ has been conceptualized in an evolution-
based concept, the polyvagal theory (Porges, 1995).

Mechanism of Action

The precise mechanisms by whichVNS exerts its effects are not known. However,
VNS influences the neuronal activities of different parts of the brain as investigated
by animal and human studies during the last several years. It is probably along the
anatomic distributions of vagal projections that the effects of VNS are exerted. In
animalmodels of epilepsy, experiments suggest that the stimulation of efferent fibres
does not mediate antiepileptic effects (Krahl et al., 2001). In vivo single cell record-
ings of pyramidal neurons in the parietal association cortex of rats revealed that
predominantly low-intensity trains of VNS activating predominantly myelinated
fibres elicited a slowhyperpolarization, whereas the stimulationat higher intensities
recruiting also unmyelinated fibres yielded a more pronounced response in some
neurons but none in others (Zagon and Kemeny, 2000). Studies also performed in
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rats suggest that the locus coeruleus and the NTS are essentially involved in the
regulation of epileptic excitability (Henry, 2002).

Studies in humans are performed by EEG methods, the measurement of evoked
potentials, neuroimaging and investigations of the concentration of amino acid and
phospholipid content of the cerebrospinal liquid (Henry, 2002). In 21 patients
assessed with serial EEG at baseline, 3, 6 and 12 months after implantation of a
VNS-system, serial electroencephalic (EEG) studies showed a progressive decrease
in the number of spikes on EEG with time. In five patients who showed active spike
andwave activity onbaseline EEGs, a progressive increase in the duration of spike-
free intervals andprogressive decrease in duration and frequency of spikes andwave
activity was found over time (Koo, 2001).

Investigations of possible effects of VNS in humans with brain-imaging
methods yield contradictory results. Acute effects on brain activity were assessed
in a blood oxygenation level dependent (BOLD) functional magnetic imaging
(BOLD fMRI) study conducted in six adults with recurrent drug-resistant major
depression.VNS applied for 7 seconds at 20Hz resulted in a bilateral activation in
the frontal cortex, the hypothalamus and the left globus pallidus. However, at
stimulation of 5Hz, the level of activation did not reach statistical significance
compared to baseline recordings without stimulation. Brain regions activated by
hearing a tone were also greater whenVNS was applied at 20Hz than at 5Hz.
These findings suggest a frequency-dependent activity of VNS (Lomarev et al.,
2002). In a study investigating regional blood flow changes induced byVNS in 11
partial epilepsy patients using a positron emission tomography (PET) technique,
only increase in left and right thalamic regional cerebral blood flow was corre-
lated with seizure reduction (Henry et al., 1999). Recent similar results support
this finding. In a single positron emission computed tomography/SPECT study
involving 23 epilepsy patients in an acute effect setting, the left thalamus, right
parahippocampal gyrus and right hippocampus were deactivated by VNS. In
chronic conditions, acute stimulation resulted in a significant left thalamic activa-
tion (Van Laere et al., 2002).

The integration of the results of animal and human studies performed at different
anatomical and functional levels using different methods in a unitary, straightfor-
ward model is not yet possible, either with respect to the antiepileptic activity of
VNS or for its putative antidepressant effect. Putative mechanisms of antiepileptic
activity in humans may be mediated through:

(a) increased synaptic activities in the thalamus and thalamocortical projection
pathways, leading to increased arousal and possibly decreased synchrony of
synaptic activities between and within cortical regions,

(b) through intermittently increased synaptic activity in the insula, hypothalamus
and other components of the central autonomic system,

(c) through transiently decreased synaptic activities in the hypothalamus and
other components of the limbic system or
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(d) through intermittently increased release of norepinephrine over widespread
cerebral regions (Henry, 2002).

Side Effects of VNS

Postoperative infection is estimated to occur in approximately 3% to 6% of patients
(Ben-Menachem, 2001). Intraoperative ventricular asystole during the initial
testing of the NCP device has been reported in nine patients. These episodes all
resolved without further negative consequences for the patients (Schachter, 2002).
The occurrence of such phenomena in patients with epilepsy was estimated to be
0.1% (Tatum et al., 1999). Peripheral nerves are vulnerable to injury, both from
mechanical factors and electrical stimulation. Mechanical damage can be mini-
mized by using snug-fitting, self-sizing electrodes with flexible cables and with
provision for slack in the distal segment to avoid tension on the electrode array and
nerve (AgnewandMcCreery, 2000). Histological analysis of chronically stimulated
human vagus nerves is lacking in the literature. In a case report, severe myelin loss,
inflammation and fibrosis were described in a 5-year-old boy without clinical signs
of vagus nerve dysfunction (stimulation at 0.25^1.5mA current, 20Hz, 250ms
pulse width, on-time 30 s during the first three months of stimulation, off-times
15^30 seconds, stimulation for eight months). It was not clear whether these results
were a consequence of surgical manipulation or repeated stimulation (Tubbs et al.,
2001).

The following side effects (percentage of a population of 95 patients) were
reported in the E05-study (only side effects occurring in at least 10% of patients):
voice alteration (66%), cough (45%), pharyngitis (35%), pain (28%), dyspnoea
(25%), headache (24%), dyspepsia (18%), vomiting (18%), paraesthesia (18%),
nausea (15%), accidental injury (13%), fever (12%), infection (12%).Voice altera-
tion and dyspnoea were significantly higher in this stimulation group compared
with the 103 patients in the low-stimulation group. One implanted patient of the
high-stimulation group had postictal Cheyne^Stokes respiration that recurred
also after device deactivation (Handforth et al., 1998).

One of themost frequent side effects is voice alteration. In a survey implicating 20
patients, 95% stated that they experienced vocal side effects. However, 100% of
these patients would have the stimulator implanted again knowing the extent of
the side effects (Charous et al., 2001). Hoarseness, cough and throat discomfort
increase as output current and duty cycle increase (DeGiorgio et al., 2001).

Results available frommeasurements of cardiac rhythmwith Holter monitoring,
of respiratory function with respiratory function tests and of gastrointestinal effects
with serum gastrin levels do not indicate significant effects of VNS during thera-
peutic stimulation (Handforth et al., 1998). Microwave transmission, cellular
phones and airport systems to not affect the NCP system. However, the manufac-
turer advises reasonable caution in avoiding devices that generate strong electric or
magnetic fields. He indicates that therapeutic radiation, external defibrillation,
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extracorporal shockwave lithotripsy and electrocautery surgery may damage the
pulse generator’s circuitry. Magnetic resonance imaging should not be performed
with amagnetic resonance body coil in the transmit mode. According to the manu-
facturer’s guidelines, an MRI should be done only using a transmit-and-receive
type head of coil and specific precautions have to be observed (Cyberonics Inc.,
2001).

VNS as a PutativeTreatment forAffective Disorders

The first NCP system for treatment-resistant depression was implanted in 1998 at
the Brain Stimulation Laboratory of the Medical University of South Carolina.

Several observations led to the systematic investigation of a possible therapeutic
efficacy of VNS in depressive disorders:

(1) Improved mood and cognition were observed in epilepsy patients treated with
VNS.

(2) Drugs used to treat epilepsy including carbamazepine, gabapentin, lamotri-
gine and valproate are also effectively used to treat mood disorders.VNS is an
effective treatment of epilepsy.

(3) Positron emission tomography studies show that VNS affects the metabolism
and thus the function of limbic structures in away compatible with antidepres-
sant function.

(4) Neurochemical studies in animals and humans reveal thatVNS alters concen-
trations of monoamines within the central nervous system.

(5) The vagus nerve is anatomically linked to brain structures related to mood
disorders (George et al., 2000b, 2000c).

To date (2003), published data of VNS in depressed patients include one open
label, multicentre pilot study conducted in the USA. In this study, 30 patients were
included and 30 patients were later added, of whom one patient had to be excluded
from the study (Sackeim et al., 2001). Patients with a DSM-IV diagnosis of major
depressive disorder or bipolar I or II disorder were included who suffered currently
from amajor depressive episode (MDE).TheMDEhad to be longer than two years
in duration or the patient had to have at least fourMDEs (the first 30 patients) in his
or her lifetime. Patients had to score at least 3 on the Antidepressant Treatment
History Form, indicating that they had failed in at least two medication trials
during the current MDE using different medication classes. It was required
that no substantial clinical improvement was detected in a psychotherapy trial
of at least six weeks.The score on the Hamilton 28-item scale had to be at least 20
and scores on the Global Assessment of Function scale had to be 50 at maximum.
Those withbipolar disorder had to have resistance, intolerance or amedical contra-
indication to lithium. Exclusion criteria included atypical or psychotic features in
the current MDE; a history of schizophrenia, schizoaffective disorder or other
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non-mood-disorder psychosis; current rapid-cycling bipolar disorder; a current
secondary diagnosis or signs of delirium, dementia, amnesia or other cognitive
disorder; and clinically significant current suicidal intent. During the acute study
(baseline periodbeforeVNSand12-weekperiod after the implantation)medication
regimens were kept stable, except that that medication dosage could be decreased,
but not increased (Sackeim et al., 2001).

In a follow-up study, the first 30 patients includedwere assesseduntil ninemonths
after the three-month acute study. During this period, changes in psychotropic
medication and VNS parameters were allowed. The response rate (defined as at
least 50% reduction in baseline Hamilton rating) was 40% (12/30) and the remis-
sion rate (Hamilton rating score less than 10) increased from 17% (5/30) after the
acute phase study to 29% (8/28) (Marangell et al., 2002).

Summary

In conclusion, preliminary available data suggest a sustained antidepressant effect
in moderately medically resistant major depression. If these findings can be
confirmed,VNS could become a key treatment in depression. Several applications
in the field of neuropsychiatry are under research. Effects of VNS on memory
appear to be complex. VNS could be implicated in the modulation of memory
storage and enhance recognition memory in humans (Clark et al., 1999). There
are indications thatVNSmight reversiblydeteriorate figural but not verbalmemory
(Helmstaedter et al., 2001). Results of a pilot study suggest a positive effect of VNS
oncognition in patients suffering fromAlzheimer’s disease (Sjogren et al., 2002). As
a research tool,VNS suffers from its invasiveness. Implantation of an NCP system
needs a clear indication. However, further insight into the mechanism of its action
in depression, epilepsy and other neuropsychiatric disorder are expected.
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Despite increased knowledge of the factors that are implicated in the aetiology of
mood disorders, the precise pathophysiology and cause of depression are still
unknown. Since the mid-1960s, hypotheses of the pathophysiology of depression
have been focused on the serotonergic and noradrenergic neurotransmitter systems,
largely based on the fact that all current antidepressant drugs act via monoamine
transmitter function, either by blockade of presynaptic transporters, by inhibition
ofmonoamine oxidase, orby inhibition of receptors that regulatemonoamine trans-
mitter release.The monoamine hypothesis of depression still has a prominent place
in theories on the aetiology of depression and has been further developed to include
effects on autoreceptors and to explain the delayed onset of antidepressant effects.
This hypothesis has guided antidepressant drug design and development for more
than 40 years and led to the current first-line treatment of depression, the selective
serotonin reuptake inhibitors (SSRIs).While the SSRIs have proven to be safe and
effective, it is recognized that significant improvements can be made in drugs
targeting monoamine transmitters and efforts to find novel antidepressants that
are superior in terms of efficacy and devoid of serious side effects continue to focus
on monoaminergic systems. Recent introductions or clinical studies of dual 5-HT/
NE reuptake inhibitors, selective NE reuptake inhibitors, 5-HTreuptake inhibitors
that incorporate affinities for other receptors and 5-HTautoreceptor antagonists are
all examples of attempts to improve on the success of the SSRIs. Although restoring
thebalance in serotonergic and noradrenergic systems is clearly critical for a clinical
response, it has been thought for a long time that alterations in monoamine levels
can cause crucial post-receptor downstream changes. Recent hypotheses suggest
that stress-induced disturbances in neurotrophic factors could play an important
role in the aetiology of depression and that long-term effects of antidepressants are
possibly mediated by changes in the post-receptor intracellular machinery.
Studying the adaptive changes induced by antidepressants might therefore provide
a better understanding of the neurobiological basis of depression. Results of several
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recent studies have supported this idea and suggested that abnormalities in cortico-
tropin releasing factor, in cell transduction factors and neurotrophic factors may be
underlying the pathophysiology of mood disorders, and accordingly represent
potential novel drug targets.

This chapter discusses several novel approaches that target serotonergic, non-
serotonergic and downstream systems, with an emphasis on the pharmacology of
autoreceptor antagonists.

INTRODUCTION

Major depressive disorder is the most common mood disorder and a highly preva-
lent brain disease. In the USA, about 19 million patients were diagnosed with
depression during the year ending September 2002. Of these, 94% received drug
treatment mainly with selective serotonin reuptake inhibitors (SSRIs), while more
recently dual serotonin and norepinephrine reuptake inhibitors (SRI/NRIs) have
been introduced, as well as a selective norepinephrine inhibitor (NRI). It is
expected that because of increased recognition of the disease, the number of diag-
nosed patients will continue to grow. Depression is often a chronic illness and
because of the high comorbidity with other psychiatric disorders, such as general-
ized anxiety disorder, panic disorders, social phobia, obsessive compulsive disorder,
post-traumatic stress syndrome, it is one of the leading causes of disability. Adding
to this burden is the high incidence of vegetative, somatic and cognitive symptoms,
which are often associated with the core symptoms.

Given the limited access to psychotherapy and electroconvulsive therapy (ECT),
pharmacotherapy with antidepressants is often the only practical treatment option.
Although current first-line treatment with SSRIs has significantly improved the
side-effect profile of the tricyclics (TCAs) and monoamine-oxidase inhibitors
(MAOIs) and are considered to be safe, effective, and easily dosed, there are limita-
tions to their utility, including delayed onset of action (four to six weeks) and the
failure of approximately 30% of patients to respond to the first antidepressant treat-
ment. In addition, SSRIs are associated with side effects that may limit their use,
such as sexual dysfunction, gastrointestinal discomfort, somnolence and weight
gain (Gummick and Nemeroff, 2000). There is thus room for improvements, but
the design and development of novel antidepressants is hampered by the fact that
the precise aetiology, pathophysiology and neurobiology of depression are not
known. Therefore significant challenges exist to improve our understanding of
depression and consequently its treatment. Multiple approaches are being pursued
to address those challenges, several of which are discussed in more detail below.

Pathophysiology and Neurobiology of Depression

The precise pathophysiology and cause of depression are still obscure and a greater
understanding is impeded inpartby the different subtypes of depression. In fact, not
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much is known about the neurobiology of normal mood regulation. Studies on the
genetic, neuroanatomical andbiochemical correlates of the disease, often in hetero-
geneous and small patient populations, using differentmethodologies, are not easily
replicated and have so far not resulted in any consistent findings.

Results of genetic linkage and chromosomal association studies have been equi-
vocal and no abnormal genes have been found for this complex disease, possibly
because the respective genes work in combination with others and the individual
effects are relatively small.

The results of neuroanatomical studies are also difficult to replicate and have not
shown a clear pattern of changes that might underlie mood disorders, with the
possible exception of abnormalities in the volumes of subcortical white matter,
which could be related to stress-induced neuronal loss (see under ‘Novel Intra-
cellular Targets’). In the future, it is likely that the technique of functional brain
imaging will provide more insight into neuroanatomical abnormalities.

Likewise, there is no convincing evidence of a primary dysfunction of a specific
monoaminergic system in depressed patients. The presumed perturbation of the
serotonergic and noradrenergic systems could mediate the depressive symptoms,
since restoring the balance in these systems seems to be critical for a clinical
response. However, our understanding is limited to empirical findings with little to
implicate causality.The hypothesis that an imbalance in neurotransmitter systems
is responsible for depressionwas based onbiochemical findings in patients (e.g. CSF
levels of the serotonin metabolite 5-HIAA are reduced, patients relapse when tryp-
tophan availability is limited) and on the pharmacological effects of drugs (e.g.
LSD, reserpine, MAOIs, TCAs), which all increase synaptic concentrations of
monoamine transmitters. One other consistent biochemical finding in depressed
patients is increased cortisol release, likely to be the consequence of hyperactivity
of the hypothalamus-pituitary-adrenal (HPA) axis.

Development of SSRIs and Related Antidepressants

After the serendipitous findings in the 1950s that a derivative of a phenothiazine
antihistaminic drug, the TCA imipramine, and a tuberculostatic MAOI, ipro-
niazid, had antidepressant effects, it was soon discovered that these drugs all block
the reuptake or degradation of monoamines in the brain, thereby increasing the
availability of neurotransmitter in the synaptic cleft to interact with postsynaptic
receptors. This represented a breakthrough in the thinking about mood disorders,
since it clearly indicated that a chemical could restore what was probably an imbal-
ance in neurotransmitters in the brain of depressed patients. These findings led to
the formulation of the ‘monoamine hypothesis of depression’, i.e. that the biological
basis for depression is a deficiency of themonoamine neurotransmitters in the brain
(Schildkraut, 1965; Bunney and Davis, 1965). Obviously, this led to a search for
more selective inhibitors of monoamine transporters, especially for inhibitors of
the serotonin transporter. Serotonin was singled out, because it was thought that
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the side effects of TCAs could be due to the inhibition of norepinephrine reuptake
(NRI). The SSRIs that were subsequently developed also lacked affinity for adre-
nergic, cholinergic and histaminergic receptors which, as it turns out, were causing
many of the side effects of TCAs. Maintaining antidepressant activity and being
much safer, SSRIs have become the first-line antidepressant treatment (see Figure
14.1). Currently about 30 antidepressant drugs are available on the market: the
SSRIs (fluvoxamine, fluoxetine, sertraline, paroxetine, citalopram), the dual SRI/
NRIs (venlafaxine, milnacipran), a NRI/DRI (bupropion) and an a2/5-HT2A
antagonist (mirtazapine). Second-line therapies include several generic TCAs
(amitryptiline, clomipramine, desipramine, imipramine, etc.) andMAOIs (phenel-
zine, tranylcypromine, moclobemide).

IMPROVING SEROTONERGIC ANTIDEPRESSANTS

Efforts to improve antidepressant therapy are focused on designing new drugs that
will have better efficacy (i.e. improved response rates or remission rates), faster
onset of action and reduced side effects.

Improving Efficacy

Dual Reuptake Inhibitors

Results of comparative studies suggest that TCAs might be more efficacious anti-
depressants than SSRIs, possibly because TCAs increase the synaptic availability
of both 5-HTand NE.When it was recognized that the poor side-effect profile of
theTCAs was related to their histaminergic, adrenergic and cholinergic properties,
rather than to inhibition of norepinephrine reuptake, it was concluded that
combining norepinephrine and serotonin reuptake inhibition (SRI/NRI) might
lead to compounds with the efficacy of TCAs, but without their side effects.
Combined SRI/NRIs (milnacipran, venlafaxine) are now available, and although
some trials seem to indicate that SRI/NRIs may have improved efficacy, more
comparative studies are required to definitively establish whether these agents
have indeed better efficacy. Since it is conceivable that the antidepressive effect of
the TCAs stems more from blocking NE than 5-HTreuptake, selective NRIs are
also being developed as antidepressants, such as reboxetine.

Finally, based on the well-established role of dopamine in reward mechanisms
and the fact that anhedonia is a hallmark of depression, some investigators believe
that blocking the reuptake of dopamine in addition to that of serotonin and norepi-
nephrine, might lead to more efficacious antidepressants. Such compounds are not
available yet and further studies will indicate if this is a good approach or if addi-
tional side effects are being introduced when all three monoamine transporters are
blocked simultaneously.
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Recently the active enantiomers of the SSRIs that have been marketed so far
as the racemates have been developed. This is not a novel pharmacological
approach, but makes the SSRI ‘cleaner’ by removing the inactive or less active
component from the racemic mixture. Obviously this was already the case for
the two SSRIs that were originally launched as the active enantiomers, sertraline
and paroxetine.

Augmentation Strategies

Another approach aimed at increasing the efficacy of SSRIs is the augmentation
therapy, i.e. combining an SSRI with an antidepressant that has a different
mechanism of action (e.g. co-administering an SSRI with the a2 antagonist mirta-
zapine or with the 5-HT1A agonist buspirone). Although the combination of
antidepressants with different biochemical mechanisms could theoretically result
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Figure 14.1 Development of SSRIs and related compounds. The serendipitous finding of
antidepressant activity of tricyclics and monoamine oxidase inhibitors in the 1950s and the
discovery that these compounds increase serotonergic neurotransmission, led to the
formulation of the monoamine hypothesis of depression around 1965 and to the
development of selective serotonin reuptake inhibitors in the 1980s. Since then, less selective
reuptake inhibitors are being purposefully designed by incorporating additonal reuptake or
autoreceptor antagonist properties in an SSRI. Recently, enantiomers of racemic SSRIs
(sertraline and paroxetine were originally launched as the active enantiomer) have been
developed



in a synergistic effect and thus increased efficacy, so far only results of small, open
studies have been published and there is as yet little evidence for increased efficacy
by such combinations.

Addition of a non-antidepressant drug (e.g. lithium, triodothyronine, anti-
psychotics) to SSRI treatment is also being investigated and recent clinical data
suggest that the combined administration of atypical antipsychotics and SSRIs
might be more efficacious than an SSRI alone, especially in treatment-resistant
major depression (Ostroff and Nelson, 1999). The mechanism of this putative
increase in efficacy of such drug combinations is not known and several preclinical
studies are in progress to address this question.

Finally, several studies have been published on augmenting the SSRI response
by potentiating the effect of the SSRI on extracellular 5-HT levels with 5-HT1A
or 5-HT1B autoreceptor antagonists. The rationale for this approach is discussed
in more detail below, under ‘5-HTantagonists’.

Faster Onset of Action

Despite the fact that SSRIs, like TCAs and MAOIs, interact with their targets
almost immediately and produce a biochemical effect shortly after administra-
tion, it takes still four to six weeks until the effect of the treatment is apparent.
There is a consensus that after the initial monoamine increase, secondary
processes have to take place to produce the clinical effect. At present there are
two hypotheses that account for the delayed onset of antidepressant action. One
is that serotonergic autoreceptors, which are initially activated by elevated 5-HT
levels, have to desensitize to eliminate the opposing effect they have on the
SSRI-induced extracellular 5-HT levels. This hypothesis is discussed in detail
below under ‘5-HTantagonists’. The other hypothesis is that the elevated mono-
amine levels trigger downstream signalling pathways that induce longer-term
changes in transcription and gene expression that is responsible for the slow
onset of the clinical effect. This hypothesis is briefly discussed below under
‘Novel Intracellular Targets’.

The fact that the effect of SSRIs is mediated by 5-HT activation of postsy-
naptic 5-HT receptors, most of which may be of the 5-HT1A subtype, raises
the interesting possibility that 5-HT1A agonists per se could be fast-acting
antidepressants, since these compounds should immediately activate postsy-
naptic 5-HT1A receptors and produce an effect. However, clinically tested 5-
HT1A receptor agonists (flesinoxan, buspirone) have only moderate antidepres-
sant efficacy and do not have a faster onset of action. Possible explanations for
this are inter alia that the compounds have insufficient receptor occupancy,
that other than 5-HT1A receptors need to be activated, or that poor pharma-
cokinetic properties partially prevent their full potential clinical efficacy (Blier
and Ward, 2003).
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Reducing Side Effects

Sexual dysfunction is one of the side effects frequently associated with the use of
serotonergic antidepressants and it is generally believed that the high incidence of
sexual dysfunction results from activation of postsynaptic serotonergic receptors
that might be involved in sexual behaviour. The antidepressant-induced sexual
dysfunction can sometimes bemanaged by dose reduction, drug holidays, switching
antidepressant drugs andby appropriate co-medication. Addingan a2 antagonist, a
5-HT2 antagonist or a dopamine agonist has in some cases yieldedbeneficial effects,
probably because blockade or activation of these receptors can counteract sexual
dysfunction, regardless of the cause. This concept is consistent with some reports
that the antidepressant mirtazapine, which is an a2/5-HT2A antagonist, may
produce less sexual dysfunction (Montejo et al., 2001). However, there is still a
great need for effective antidepressants that do not produce sexual side effects. One
of the possible strategies is the incorporation of additional receptor affinities in an
SSRI, either antagonist affinities to block unwanted interactions of 5-HT with
specific serotonin receptor types that are thought to mediate the sexual side effects,
or agonist activities that will enhance sexual behaviour to counteract the side effects.
As of yet there are no examples of such ‘mixed’ 5-HTreuptake inhibitors that have
been shown to be effective antidepressants and to produce significantly less side
effects.

INCORPORATING SEROTONINAUTORECEPTOR
ANTAGONISM

5-HT1A Antagonists

Although acute SSRIs increase extracellular 5-HT levels by blocking the 5-HT
transporter, the extent of 5-HT release is hampered by the rising 5-HT levels
in the cell body area, which activate somatodendritic 5-HT1A autoreceptors
resulting in reduced neuronal cell firing and release (see Figures 14.2 to 14.4).
The net result of acute SSRIs is thus initially a diminished terminal 5-HT
release, but during chronic SSRI treatment and hence continuous exposure to
high 5-HT levels, the somatodendritic 5-HT1A receptors are thought to desen-
sitize over time. Since these autoreceptors are now activated to a smaller
degree, they do not attenuate the effects of the SSRI on terminal 5-HT levels.
If a 5-HT1A antagonist were present in the brain, 5-HT1A autoreceptors would
be blocked (i.e. immediately ‘desensitized’), so that the SSRI would produce a
faster and more pronounced increase in terminal 5-HT release, allowing activa-
tion of the postsynaptic 5-HT receptors that mediate the clinical effects. This
biochemical model for the delayed onset of activity was confirmed in several
in vivo animal studies, measuring actual extracellular 5-HT levels in the brains
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of awake animals by microdialysis. In these experiments, 5-HT1A antagonists
were indeed found to potentiate the effect of a low dose of SSRI on extra-
cellular 5-HT levels. These results prompted clinical studies on the effect of
combining SSRIs with a 5-HT1A antagonist, since a 5-HT1A antagonist was
already available in the clinic, the mixed 5-HT1A, 5-HT1B and b2 antagonist,
pindolol (Artigas, 1993; Blier and de Montigny, 1994; Perez et al., 1999).

Although the initial open label, as well as some double-blind studies reported
very positive results, several later studies were equivocal or negative (for a review
see Nelson, 2000). Taken together, the clinical data seem to suggest that pindolol
may have some augmentation effects, but it is actually not certain whether those
effects are indeed due to its 5-HT1A blocking properties. In the first place, several
in vitro and in vivo studies have shown that pindolol can act as a partial 5-HT1A
agonist rather than as a full antagonist. For instance, pindolol decreases cell firing
of serotonergic neurons in the cell bodies in guineapig, an effect that was completely
blocked by the full 5-HT1A antagonist, WAY 100635, suggesting 5-HT1A partial
agonist effects of pindolol in this in vivo model (Sprouse et al., 2000). Secondly,
recent studies have provided evidence that the brain levels of pindolol after doses
that are used in the augmentation studies (2.5mg t.i.d.) are insufficient to effectively
block 5-HT1A receptors (Rabiner, 2001; Cremers, 2001). In the case of pindolol
then, the 5-HT1A hypothesis has not really been tested yet and is awaiting trials
with a potent and more selective 5-HT1A antagonist. That compound would need
the additional selectivity of acting onpre- vs. postsynaptic 5-HT1A receptors, if acti-
vation of postsynaptic 5-HT1A sites is mediating the serotonergic effect, and in turn,
the clinical benefits.

5-HT1B antagonists

In addition to 5-HT1A autoreceptors on the cell bodies that control cell firing,
the serotonergic neurons also contain 5-HT1B autoreceptors on the nerve term-
inals that regulate 5-HT release. Activation of the terminal autoreceptors by
elevated 5-HT will reduce terminal 5-HT release and thus also oppose the
acute effects of an SSRI. Following the same reasoning as above for 5-HT1A
antagonists, blocking terminal autoreceptors with a 5-HT1B antagonist represents
an alternative SSRI augmentation strategy. By immediately blocking the 5-HT1B
receptor, the SSRI-induced elevated 5-HT levels can no longer activate the
release-regulating autoreceptors, so that when co-administered with an SSRI,
the increase in 5-HT would be faster and more pronounced. That concept has
also been confirmed in microdialysis animal studies in vivo (e.g. Rollema et al.,
1996; Figure 14.3).

However, there is an important distinction between the 5-HT1B and the 5-HT1A
antagonist approaches: 5-HT1A antagonists have no effects on 5-HT release (i.e.
they do not increase cell firing rates by themselves), while 5-HT1B antagonists have
been shown to increase terminal 5-HTrelease in guinea pig brainwhen given alone
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(Rollema et al., 1996). Recently several studies have shown that compounds that
act as inverse agonists at the 5-HT1B (which have the opposite effect of agonists and
also stimulate 5-HT release like antagonists) may be more efficacious under
conditions of low serotonergic tone, as may be the case in depression (Middle-
miss et al., 1999). It is thus conceivable that 5-HT1B antagonists or 5-HT1B
inverse agonists will act as antidepressants on their own, with the advantage
that in the absence of an SSRI there is no need for desensitization (or pharma-
cological blockade) of cell body 5-HT1A autoreceptors, since there is in vivo
electrophysiological evidence that 5-HT1B antagonists do not affect cell firing
(Sprouse et al., 1997; see Figure 14.4).

There could be additional advantages related to the presence of 5-HT1B hetero-
receptors, which are thought to regulate the release of other transmitters that may
be involved in depression, such as DA, NE, ACh and GABA.The presence of post-
synaptic 5-HT1B receptors, which are thought to play a role in sexual behaviour, are
another important consideration in the sense that blockade of these receptors
by a 5-HT1B antagonist may reduce certain sexual side effects. Finally, since
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Figure 14.2 Effects of SSRIs and autoreceptor antagonists on the serotonergic system.The
numbers in the schematic refer to sites where serotonergic drugs can affect 5-HTcell firing,
extracellular 5-HT levels and 5-HTrelease. 1: 5-HT transporters in cell bodies and in nerve
terminals remove 5-HTafter it is released. 2: SSRIs block the 5-HT transporter and thereby
increase extracellular 5-HT levels. 3: 5-HTcan interact with different postsynaptic receptors
(e.g. 5-HT1A, 5-HT1B, 5-HT2A, etc.) mediating the serotonergic effects and in turn the clinical
benefits. 4: At the same time the elevated 5-HT also activates autoreceptors, which will
decrease cell firing (in cell bodies, 5-HT1A) and 5-HT release (in terminals, 5-HT1B),
attenuating the SSRI effect on extracellular 5-HT levels. 5: 5-HT1A antagonists block cell
body autoreceptors and potentiate the SSRI effect. 6: 5-HT1B antagonists block the terminal
autoreceptor and potentiate the SSRI effect or produce an increase in terminal 5-HTrelease
by themselves



5-HT1B receptors have been postulated to play an important role in obsessive-
compulsive disorder (El Mansari and Blier, 1996; Mundo et al., 2002), 5-HT1B
antagonists might have additional therapeutic applications, similar to the SSRIs in
this respect, but again with a more rapid course of action.

In summary, both 5-HT1B antagonist and SSRI treatment will produce the
increases in serotonergic neurotransmission that are thought to be necessary for
the alleviation of depressive symptoms. In the case of an SSRI, this is accomplished
by blockade of the reuptake carrier followed by a gradual desensitization of the cell
body and nerve terminal autoreceptors that inhibit 5-HT release. In the case of
a 5-HT1B antagonist, blockade of the 5-HT1B autoreceptors occurs acutely and
will increase 5-HT release, potentially leading to a more rapid clinical
response.
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Figure 14.3 Effect of combined administration of an SSRI and a 5-HT1B antagonist on
in vivo 5-HTrelease. Extracellular 5-HT levels were measured by in vivo microdialysis in
the hypothalamus of awake guinea pigs and drug effects are expressed as percentages of
the average pre-drug baseline levels (¼100%). The SSRI sertraline and the 5-HT1B
antagonist GR127935 are given s.c. (at arrows) at low doses, which when given alone
have no or only a small effect on 5-HT release, but when given together produce a
robust 5-HT increase. This synergistic effect demonstrates augmentation of the
neurochemical SSRI response by 5-HT1B autoreceptor blockade in vivo (Rollema et al.,
1996)



NOVEL NON-SEROTONERGIC ANTIDEPRESSANT
TARGETS

Corticotropin-releasing Factor1 (CRF1) Antagonists

As mentioned before, there is general agreement that while all current anti-
depressant drugs target monoaminergic systems, it is likely that other
neurobiological systems are involved in mediating the antidepressant effect. In
view of the fact that many depressed patients hypersecrete cortisol, reflecting
hyperactivity of the hypothalamus^pituitary^adrenal (HPA) axis, it has been
suggested that drugs that can regulate HPA axis activity could be possible treat-
ments for mood disorders. The activity of the HPA axis is determined by genetic
and environmental factors and is under continuous feedback control of cortico-
tropin-releasing factor (CRF), a 41 amino-acid neuropeptide that is released
from the hypothalamus and stimulates the secretion of corticotropin (ACTH)
from the anterior pituitary into the bloodstream. CRF plays thus a central role
in the coordination of neuroendocrine, autonomic and behavioural responses to
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Figure 14.4 Effect of a 5-HT1A agonist, an SSRI and a 5-HT1B antagonist on in vivo 5-
HTcell firing in the cell body area. Cell firing is measured in the cell body area (dorsal
raphe) in anaesthetized guinea pigs and the effects of the drugs, measured after i.v.
administration, are expressed as the percentage change from pre-drug baseline cell
firing. Low doses of a full 5-HT1A agonist (8-OH-DPAT) completely shut down cell
firing by direct activation of 5-HT1A autoreceptors, an SSRI (fluoxetine) decreases cell
firing by indirect activation of 5-HT1A autoreceptors via elevated 5-HT levels, while the
5-HT1B antagonist (GR127935) has no effect on in vivo cell firing at any of the doses
tested (Sprouse et al., 1997)



stress by regulating adrenal glucocorticoid activity and activating CRF receptors
in various brain areas, such as hippocampus and amygdala (Figure 14.6). High
CRF levels increase the activity of the HPA axis and so stimulate cortisol secre-
tion, which may lead to detrimental effects, but in addition CRF can also
produce several negative, depression-like behavioural responses (e.g. fear,
decreased appetite, decreased sexual behaviour, increased blood pressure) by
excessive stimulation of CRF1 receptors (Arborelius et al., 1999; Holsboer,
1999). If the negative feedback control on hypothalamic CRF release is indeed
decreased in depression, resulting in continuous hyperactivity of CRF neural
circuits, then offsetting the negative effects of extreme CRF1 receptor activation
by blocking CRF1 receptors with a selective, centrally acting CRF1 antagonist
could have an antidepressant effect (Figure 14.5).

Since potent competitive CRFantagonists have been available for some time, the
rationale forCRFantagonists as novel antidepressants hasbeen confirmed in a great
number of behavioural andbiochemical animal studies. However, the CRFantago-
nists that were used in these experiments were peptides (a-helical CRF9^41, D-Phe-
CRF2^41), which are unsuitable as drug molecules because they lack selectivity and
are limited by poor bioavailablity, requiring intracerebral administration to enter
the CNS. It was thus necessary to design small, non-peptide molecules, which are
orally bioavailable, long-acting and highly selective for the target receptor subtype
(in this case CRF1, the subtype that mediates CRF-induced psychopathology).
Researchers at Pfizer were the first to synthesize and characterize such a small mol-
ecule, CP-154,526, a potent and selective CRF1 antagonist (Schulz et al., 1996).
Animal studies showed that CP-154,526 blocked the CRF-induced increases in
ACTH release and in locus coeruleus cell firing. In behavioural models, CP-
154,526 attenuated fear-potentiated startle responses and reduced escape defi-
cits in the learned helplessness model, the latter supporting the utility of CRF
antagonists in depression. Since then several CRF1 antagonists have been
synthesized and investigated, but only a few have entered clinical trials. So
far only one small, open label study on the safety, toleration and neuroendo-
crine effects of a CRF1 antagonist, R121919, in 20 patients with major
depression has been published (Zobel, 2000). The results (Table 14.1) suggest
an antidepressant effect of the CRF antagonist, showing a 12^16 points drop
in the HAM-D and HAM-A scales after four weeks of treatment, which
persuaded the authors to conclude that ‘these findings, along with the
observed worsening of affective symptomatology after drug discontinuation,
suggests that the pharmacological principle of CRF1 receptor antagonism has
considerable therapeutic potential in the treatment and the prevention of
diseases where exaggerated central CRF activity is present at baseline or
following stress exposure’ (Zobel et al., 2000).

The development of R121919 unfortunately had to be halted because of hepato-
toxicity and future studies with other compounds are needed to determine whether
the blockade of central CRF1receptors is a viable and safe approach for treatment of
mood disorders.
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Neurokinin1 (NK1) Antagonists

TheNK1receptor is one of the tachykinin receptors for substance P, apeptide neuro-
transmitter that is involved in neuronal processing of various noxious and stressful
stimuli, in modulating emesis and in the inflammation process. Naturally, there has
been interest in designing substance P antagonists as potential therapeutics, but as
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Figure 14.5. Schematic illustration of the potential antidepressant mechanism of CRF1
receptor antagonists. CRF stimulates the secretion of ACTH that activates the adrenal
cortex to release cortisol. Cortisol secretion is under tight negative feedback control, since
hypersecretion may lead to neuronal damage. Blockade of pituitary CRF1 receptors by
antagonists attenuates cortisol secretion by preventing the effect of increased CRF release.
In addition, too much stimulation of CRF1 receptors in various brain areas can produce
depression-like behavioural responses. By blocking brain CRF1 receptors the detrimental
effects of excessive CRF1 release are prevented. The potential antidepressant effect of
centrally acting CRF1antagonists is thought to be mediated via these mechanisms

TABLE14.1 Results of an open label trial with the CRF1 antagonist, R121919 (data taken
from Zobel et al., 2000). Numbers represent the HAM-D and HAM-A scores at the start
of the trial and after four weeks dosing patients with 5^40mg/day or with 40^80mg/day
R121919

R121919
5^20^40mg/day

R121919
40^60^80mg/day

Antidepressant effect
HAM-D score at start (Day 0) 26 28
HAM-D score at four weeks (Day 30) 15 11

Antianxiety effect
HAM-A score at start (Day 0) 23 27
HAM-A score at four weeks (Day 30) 14 10



in the case of the CRFantagonists, antagonists based on neuropeptides backbones
lack good drug properties. More than 10 years ago, Pfizer scientists described the
first non-peptide small molecule NK1 antagonists, CP-96,345 and CP-99,994
(Snider et al., 1991; McLean et al., 1991). Although these and many other NK1
antagonists were also screened in the standard antidepressant animal models at
that time, no antidepressant effects were detected. Surprisingly, several years later,
scientists at Merck reported that NK1antagonists might have antidepressant prop-
erties, an opportunistic finding made possible by noting a reduction in stress-
induced vocalization in guinea pig pups (Kramer et al., 1998). These interesting
findings prompted Phase II studies on the lead compound, MK869, which showed
that this NK1 antagonist had antidepressant effects, comparable to the positive
control paroxetine and significantly better than placebo (Kramer et al., 1998). A
comparison of the side-effect profiles in the three patient groups shows a clearly
reduced incidence of sexual side effects in MK869-treated patients compared with
patients on paroxetine (Table14.2).

If NK1 antagonists indeed turn out to have antidepressant activity, the lack of
sexual side effects could be one of the major advantages over SSRIs. Further studies
with other NK1 antagonists will show whether or not blockade of NK1 receptors
represents a useful alternative to SSRItreatment (Stout et al., 2001).

The exact antidepressant mechanism of NK1 antagonists is not yet known,
although recent evidence suggests that it is either related to inducing alterations in
substance P release or to changes in serotonergic transmission. The substance P
system may play a role in depression, since substance P-containing pathways (e.g.
from amygdala to hypothalamus and periaqueductal grey) are important in the
response to stressors and substance P is released in amygdala after stress.The notion
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TABLE14.2 Summary of results of a trial with the NK1antagonist, MK869 (data taken from
Kramer et al., 1998). Numbers represent decreases in HAM-D scores (antidepressant effect)
andpercentage of patientswith sexual side effects (adverse events) in patients treatedwith the
NK1antagonist MK869, with the SSRI paroxetine, or with placebo

MK-869
(n¼71)

Paroxetine
(n¼72)

Placebo
(n¼70)

Antidepressant effect
HAM-D-D21decrease at 2 weeks 79 710 75
HAM-D-D21decrease at 6 weeks 713 712 79

Sexual adverse events
Libido decreased 0 6 0
General sexual dysfunction 0 8 0
Ejaculation disorder (%males) 3 20 7
Impotence (%males) 3 10 4
Sexual dysfunction (combined) 3 26 4



that the serotonergic system might be involved in the therapeutic effect of NK1
receptor blockade, comes from the finding that dorsal raphe cell firing is increased
when animals are treated with NK1 antagonists and in NK1 knock-out mice. An
increase in neuronal activity is consistent with desensitization of 5-HT1A autorecep-
tors in the cell body region, an effect that chronic SSRIs show as well (Santarelli et
al., 2001). These data suggests that the substance P and 5-HT transmitter systems
can interact with each other and that NK1antagonists have a similar acute effect on
cell firing as chronic SSRIs. This would imply that NK1 antagonists could have a
faster onset of action, although it is clear that the initial clinical data from the
MK869 study do not support a faster onset of antidepressant effect, as HAM-D
scores follow similar time courses in the MK869 and paroxetine treated groups.
Since this was only the first trial with an NK1 antagonist, it is of course possible
that further studies and more clinical trials may tell a different story.

NOVEL INTRACELLULARTARGETS

Signal Transduction Pathways and Neurotrophic Factors

While all current antidepressant treatments modulate monoaminergic neurotrans-
mission, this effect per se may not actually produce the antidepressant activity.
Therefore, it has been hypothesized that instead, the increased monoamine levels
could trigger changes in other pathways that ultimately mediate the antidepressant
effect. Several studies are now focused on identifying secondary processes andpath-
ways that may be linked to the mechanism of action of antidepressants and could
represent some of the underlying factors in the pathophysiology of mood disorders.
A current hypothesis (for reviews see Duman et al.,1997, 2000;Manji et al., 2001) is
based on the notion that stress-induced neuronal damage in vulnerable brain areas
early in life, may lead to depressive symptoms and that antidepressants can reverse
that process by activating intracellular pathways that stimulate repair mechanisms.

This scenario implies a crucial role for intracellular transduction pathways and
neurotrophic factors, which are potent regulators of neural plasticity and support
the survival of adult neuronal and glia cells.

The transduction pathways form complex signalling networks that facilitate
the system to respond to signals that are generated by receptor activation, e.g.
resulting from elevated neurotransmitter levels after antidepressants. The
sequence of events that is involved in such pathways can be briefly exemplified
as follows (see Figure 14.6): when a receptor is activated by a neurotransmitter,
the cyclic adenosine-30,50-monophosphate (cAMP) system (or another second
messengers system, such as cGMP, inositol triphosphate, Ca++) is activated,
resulting in increased levels of cAMP and protein kinases (PKA), which in turn
will stimulate the expression of the transcription factor CREB (cAMP-response-
element-binding protein). Increased CREB expression will subsequently lead to
up-regulation of specific target genes, such as BDNF (brain-derived neurotrophic
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factor) and its receptor, tyrosine kinase BDNF (trkB) in the hippocampus and
cortex. Stress is believed to reduce the expression of neurotrophic factors and there-
fore to cause atrophy or cell death of vulnerable neurons in the hippocampus,
resulting in depressive symptoms.When it was found that chronic treatment with
different types of antidepressants actually increases expression of the proteins and
factors that are involved in this intracellular signalling pathway, it was proposed
that this effect could be a final common mechanism of action of antidepressants
(Duman et al.,1997). Such a hypothesis would account for the delayed onset of anti-
depressants, since the up-regulation of transcription factors and target genes
will take much longer than it takes to increase monoamine levels. This model
is also consistent with recent neuroimaging observations of reduced volumes of
certain brain areas in depressed patients, supporting the neurodegenerative aspect
of the pathophysiology of depression (Bremner et al., 2000). Since it is quite possible
that the neuronal damage caused by stress is mediated via increases in stress
hormones, in particular by hypersecretion of corticosteroids, the neurotrophic
mechanism could also readily be linked to the theory of hyperactivity of the HPA
axis in depression.

This unifying hypothesis about depression accounts for the actions of seroto-
nergic as well as novel non-serotonergic antidepressants and may thus provide a
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Figure 14.6 Schematic of the proposed role of transduction pathways and neurotrophic
factors in the aetiology and treatment of depression. The left diagram illustrates how 5-HT
receptor activation triggers a chain of events, starting with stimulation of second messengers
(e.g. cAMP) via GPCRs (Gi/o or Gs). This causes an increase in phosphokinase (PKA)
activity, which in turn stimulates the expression of transcription factors (CREB) and
ultimately of BDNF, which supports cell repair and survival. The diagram on the right
shows how stress causes high cortisol secretion that can lead to neuronal atrophy or death in
susceptible areas (e.g. hippocampus), especially if the protection by neurotrophic factors is
insufficient. The neuronal damage that leads to depressive symptoms is thought to be
reversed by enhancing neurotrophic support via stimulating BDNF formation, following
increases in the signal transduction pathways after antidepressant treatment (Duman et al.,
1997, 2000)



basis for new therapies. The numerous components of the signal transduction
pathway, including the cAMP system, protein kinases, the transcription and neuro-
trophic factors and many others, provide a multitude of opportunities to intervene
with drugs.These could be drugs that directly stimulate BDNFrelease or drugs that
target upstream components that play a role in the regulation of BDNFexpression.
The rapidly increasing knowledge in this area could lead to the identification and
validation of small molecules that target these sites, although it may take several
years before such compounds will be available.

SUMMARYAND CONCLUSIONS

The precise pathophysiology and neurobiology of depression are still unknown and
until recently hypotheses on depression focused on the serotonergic and noradre-
nergic neurotransmitter systems exclusively. Such a limited scope was fuelled by
the knowledge that all currently used antidepressant drugs affect monoaminergic
systems. At the same time, it is also recognized that the current antidepressant
drugs, while being effective and safe, can be improved regarding their efficacy,
onset of action and side-effect profile. Such improvements may be possible by incor-
porating certain desirable properties in SSRIs, essentially generating less selective
uptake inhibitors with improved antidepressant profiles. Examples of such
approaches are the dual reuptake inhibitors that block both the 5-HTandNE trans-
porter, SSRIs with 5-HT1A or 5-HT1B receptor antagonist affinity and 5-HT1B
antagonists or inverse agonists per se. Attempts to discover non-serotonergic anti-
depressants that will affect other than the monoaminergic systems, have been
mainly focused on the development of selective, small molecule antagonists of
the neuropeptides, CRF1 and NK1. Preliminary findings suggest that both
CRF1 and NK1 antagonists might have antidepressant activities, but more studies
are needed to confirm this and to show whether these compounds have distinct
advantages over currently used SSRIs and SRI/NRIs. It is also now recognized
that the initial effect of antidepressant drugs on the monoamines could be the
starting point for further, later-occurring changes in downstream systems, such
as the signalling transduction cascade and neurotrophic factors. Future develop-
ments will therefore target components of the intracellular signalling systems
and the regulation of neurotrophic factors, but it will still take several years
before novel compounds will be developed that can demonstrate the utility of
this approach in the clinic. Increasing our knowledge and insights in the neuro-
biology of depression will help to guide the search for novel agents, but at the
same time the reciprocal is also true, namely that the outcome of clinical studies
with novel agents are in turn likely to improve our understanding of the patho-
physiology and aetiology of depression.

A final comment about developing new antidepressant drugs from the point of
view of the drug discovery and development process. Identifying new potential
targets for antidepressant drugs is not the same as finding new antidepressant
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drugs, since it takes now on average10^15 years and US$500^700 million from the
identification of a target to marketing a new medication. This lengthy and costly
process includes among others, the taskof expressing the target for screening assays,
synthesizing and identifying lead compounds, optimizing compounds to generate a
suitable drug molecule, long-term toxicological studies, safety studies in healthy
volunteers in Phase I, and finally several clinical trials in a great number of patients.
Research on dual reuptake inhibitors, on 5-HT1A and 5-HT1B receptor antagonists
and on CRF1 and NK1 receptors antagonists has already been going on for some
time, so it is possible that novel antidepressants will initially come from these classes
in the near future. However, targeting the intracellular pathways is a relatively new
area and will take much longer before any compound of such a new class will be
available.
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Sleep Research and Affective Disorders

SueJ.Wilson and DavidJ. Nutt
University of Bristol, Bristol, UK

There is a very strong association between sleep and major depression (see Table
15.1). Sleep disturbance is one of the key symptoms of the disease and may be the
reason that depressed patients first seek help (Thase, 2000; Agargun et al., 1997a).
Up to 95% of patients with major depressive episode have at least one complaint of
sleep, either difficulty in initiating or maintaining sleep or early wakening
(Hamilton, 1989;Thase, 1999) and depression-related insomnia seems to be a high
risk factor for suicide (Agargun et al., 1997b). As well as subjective symptoms, there
are changes in sleep architecture in major depression, and in those patients with
recurrent depression who have sleep abnormalities the long-term efficacy of cogni-
tive therapy is reduced (Thase et al.,1998). Antidepressants in general change sleep
architecture in the opposite direction to the changes in depression.This alteration in
sleep is one of the few consistent and measurable biological effects in this disease,
and therefore it is important to study it and the effects of treatment.

HOWSLEEP IS MEASURED

Information about sleep may be obtained in the simplest way by asking the subject
about sleep, either informally or in a structured way using a questionnaire. These
methods will give information about the subject’s perception of the ease of going to
sleep, quality of sleep and timing. Subjective perceptions are very important in the
study of sleep disturbance in patients, but the insights into neurochemical processes
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TABLE15.1 Associations between depression and sleep

. sleep architecture abnormal ^ REM
latency shortened

. sleep disturbance common in depression ^
may be presenting complaint

. antidepressants change sleep architecture
^ REM latency lengthened

. may predict treatment outcome

. sleep deprivation improves mood in major depression
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in the brain have been gained by recording brain electrical activity during the night
using polysomnography. This has traditionally been carried out in sleep labora-
tories, but more recently, particularly in Europe, there is increasing use of home
polysomnography using ambulatory equipment. This is effective and relatively
cheap and allows the study of sleep in the real world and unconstrained by strange
environment. In the study of depression in outpatients it has proved acceptable to
patients whowould be unwilling to volunteer to come into hospital for sleep studies.
There is a wide choice of small digital recorders for home use and PC-based replay
systems are available.

Recording sleep in order to analyse sleep stages requires the use of electroence-
phalography (EEG), electromyography (EMG) and electrooculography (EOG)
and minimum requirements were laid down formally in a manual produced by a
committee of experienced sleep researchers in the1960s andpublishedby theAmer-
ican Government Health Office (Rechtschaffen and Kales, 1968). There are five
universally recognized stages of sleep in normal subjects; criteria for identifying
these are known universally as the Rechtschaffen and Kales (R&K) criteria after
the authors of the committee’s report and are used worldwide by most sleep
researchers.

Stages 1^4 of R&K are non-rapid eye movement or non-REM sleep. Sleep
gradually increases in depth with 1as the lightest and 4 as the deepest stage. EMG
activity gradually diminishes from stage 1 to stage 4, but muscle tone does not
entirely disappear. Stage 1 sleep is drowsiness during which normal alpha
(8^13Hz) and mixed fast (14^30Hz) rhythms of the waking EEG are replaced by
theta activity (4^7Hz) and there are slow rolling lateral movements of the eyes
picked up on the EOG. Stage 2 sleep contains sleep spindles (widespread lentiform
runs of 12 or14Hz activity) and K complexes (large biphasic slow transients) in the
EEG, and normally eye movements are absent. Stages 3 and 4 or slow wave sleep
(SWS) may be considered as continuing from stage 2 but with more delta, or slow
activity (0^4Hz), such that activity at below 2Hz and of amplitude greater than
75 mVoccupies between 20% and 50% of the epoch for stage 3 sleep, and greater
than 50% for stage 4. In contrast stage REM, or rapid eye movement sleep, has an
EEG pattern of low amplitude mixed frequencies similar to waking or stage 1sleep,
with occasional sharper transients interspersed (these may be surface manifesta-
tions of the ponto-geniculate-occipital (PGO) waves recorded from these deeper
structures in animals during REM sleep and associated strongly with saccadic eye
movements).There is a total lack of tonic activity recorded on the EMG but phasic
muscle twitches are often seen.There are frequent jerky conjugate eye movements,
usually lateral but sometimes vertical, during this stage. Figure15.1 illustrates some
of these patterns.

Behaviourally, stage 1 sleep is the stage of drowsiness when subjects will usually
denybeing asleepwhen aroused. Stage 2 is peaceful light sleep fromwhich it is fairly
easy to wake subjects ^ about 50% of the night is spent in this stage, during which
myoclonic jerks and ‘falling’ arousals occur. During stages 3 and 4, or slow wave
sleep, subjects are pale and still, with slow regular heart rate and breathing. It is
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difficult towake someone from slow wave sleep, and the subject will feel‘groggy’and
confused onwaking. Most dreaming takes place during REM sleep.

During the course of a normal night’s sleep a healthy subject will pass through the
five stages of sleep several times, each episode of non-REM/REM sleep being
termed a sleep cycle. This progression through the various stages may be plotted
against time and is called a hypnogram (see Figure 15.2). From this normal hypno-
gram it may be seen that most of the SWS occurs in the first half of the night and
most of the REM sleep in the second half.Various measures of amounts, timing and
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Figure 15.1 Some waveforms used to distinguish the various stages of sleep

Figure 15.2 Hypnogram from a normal subject



proportions of the stages are derived fromthehypnogram, and the structure of sleep
as demonstrated in the hypnogram is called sleep architecture, supposedly from the
hypnogram’s similarity to a depiction of a city skyline. The maintenance of sleep,
number of interruptions and stage changes etc., is called sleep continuity, and a
widely usedmeasure of sleep fragmentation is sleep efficiency, being the percentage
of the time in bed which is actually spent asleep.

The amounts of time spent in each sleep stage, the number of cycles and the
amount of interruption by waking is very variable from subject to subject, but less
so within subjects. In general there are definite age effects in adulthood, with less
slow wave sleep and lower sleep efficiency the older the subject.

The measurement of sleep structure is a useful tool which may be used to help
elucidate various aspects of depressive illness.

STUDYING SLEEPABNORMALITIES IN DEPRESSION

Themost consistent sleep anomalies havebeen described formany years andbriefly,
consist of:

(1) REM advance, the most robust finding ^ onset of REM is earlier than in
normal subjects and there is disruption of the normal preponderance of REM
in the latter part of the night.

(2) Disruption of sleep continuity with early and middle insomnia and early
morning wakening.

(3) Reduction of slow wave sleep, particularly in the first cycle.

An example of a depressed patient’s sleep from our own studies is given in
Figure 15.3.

REM Alterations in Depression

REM alterations have been found in depressed patients to varying degrees since
originally described by Gresham et al. (1965) and later confirmed not only during
a depressive episode but during remission by Kupfer and Foster (1972). A review of
sleep studies by Benca et al. (1992) confirmed that this is a robust finding in depres-
sion. Many measures of REM such as total duration in minutes over the night,
length of each episode, number of episodes and eye movement during REM
(REM activity or density) have been studied. However, the most consistent
abnormality has been the time taken to enter the first episode of REM (REM
onset latency, ROL). This is widely reported as being shortened in depression (see
Hicks et al., 2002; Wilson et al., 2000) particularly in endogenous subgroups
(Hubain et al., 1995) and this abnormality increases with age and disease severity
(Lauer et al., 1991). Indeed some of the findings of the earlier studies of depressed
patients were disputed later because age and illness severity were not taken into
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account (Berger and Riemann, 1993), but studies of young patients (Emslie et al.,
1994) have confirmed the finding.

Lengthening of the first REM period, or general imbalance of REM so that a
greater than normal amount occurs in the first half of the night, and increased
number of eye movements (REM density) have also been described by many
authors (for review see Reynolds and Kupfer, 1987). REM sleep abnormalities
have been claimed to be not only a state marker for depression but also a trait
marker, as they have been found during remission in patients with recurrent depres-
sion (Giles et al., 1987) and have been proposed as a predictor of recurrence. REM
abnormalities in first-degree relatives of depressed patients have led to the proposal
that these could be useful as vulnerability markers (Lauer et al., 1995).

A recent example of the use of sleep research in the study of the evolution of
depression is the work byThase et al. (1998) on recurrent depression. They evalu-
ated sleep architecture and clinical parameters before, during and for two years
after long-term successful cognitive treatment in patientswith recurrent depression.
They were able to prove that those patients with abnormal sleep architecture before
treatment had a higher risk of recurrence within the two-year follow-up than those
with a normal sleep pattern (Figure15.4).This finding has huge clinical significance
in the selection of treatment modality.

SlowWave Sleep Abnormalities in Depression

The presence of SWS abnormalities is much less consistent in depression, but there
does seem to be a robust finding of reduced SWS in the first sleep cycle, implying a
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Figure 15.3 Hypnogram from a depressed patient



reduced ‘pressure’ of SWS (Kupfer et al., 1984, 1990). However this is difficult to
differentiate from an increased pressure of REM sleep, with shorter REM latency
making the time available for the first SWS period very short. Ehlers et al. (1996)
have described an alteration of the distribution of SWS over the night during
successful treatment with clomipramine, using the ratio between slow wave activity
in the first to the second sleep cycle (delta sleep ratio, DSR) andhave postulated that
increasing the DSRmay be necessary for the therapeutic action of antidepressants.

Another somewhat paradoxical link is that sleep deprivation, and in particular
REM deprivation, has been known for many years to improve mood in major
depression, and in a study byVogel et al. (1975) REM sleep deprivation was found
tobe equally efficaciouswith imipramine therapy.However, it is difficult to perform
and once uninterrupted sleep is allowed its effect disappears. Recent research has
refined the methods of manipulation of sleep and circadian rhythm to maximize
its effects on mood and there have been several strategies proposed to prolong the
effect (see Giedke and Schwarzler, 2002).
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Figure 15.4 Difference in outcome between patients with recurrent depression with and
without objective sleep disturbance. All patients were treated with psychological therapy
and were recovered at the zero point. Those patients with sleep disturbance during their
illness were more likely to relapse. Data fromThase et al., 1998



STUDYING EFFECTS OFANTIDEPRESSANTS ON SLEEP
IN DEPRESSION

In general, drugs which are known to affect central neurotransmission tend to alter
sleep, either continuity or architecture or both, but those which affect primarily 5-
hydroxytryptamine (5-HT) or noradrenaline (NA) have large effects.

Acute Effects on REM Sleep

Antidepressant (AD) drugs are knowntohave profoundeffects on sleep architecture
andcontinuity acutely, both involunteers and in depressedpatients; these effects are
greatest andmost consistent on REM sleep, and tend to be in the opposite direction
to the sleep abnormalities found in major depression, but are usually of greater
degree (for review seeVogel et al., 1990).

REM sleep effects are twofold, consisting firstly of a delay in the onset of the first
REMperiod, and secondly in a decrease in the total amount of REM sleep over the
night (seeTable15.2). In addition in some studies REMdensity, that is the amount of
eye movements per unit time of REM sleep, has been studied and found to be
altered by antidepressants.The mechanism of this REM suppression is not entirely
clear, but has been widely attributed to the effects of increased serotonergic and
noradrenergic transmission induced by these drugs. Mechanisms of REM sleep
generation have been studied extensively inboth animals and humans and, through
use of specific agents affecting neurotransmission, it is known that cholinergic
neurons in the brainstem nuclei, responsible for generation of the REM state, are
influenced by alterations in serotonin and noradrenaline; in particular serotonergic
effects on REMare probably mediated via 5-HT1A receptors on the REM initiating
cholinergic cells in the brainstem (Monaca et al., 2003). Mechanisms of noradre-
nergic influences on REM are less clear but altering noradrenergic balance in the
brain has large effects on REM. A simplified schematic diagram of these effects is
given in Figure15.5.The extent of REMsuppression is a good non-invasive pharma-
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TABLE15.2 Acute effects on sleep of antidepressant drugs in depressed patients

REM
latency

REM
amount

Sleep
continuity Examples

Tricyclics 1 " # # Clomipramine, imipramine
Tricyclics 2 " # " Amitriptyline, doxepin

(trimipramine no effect
on REMamount)

SSRIs # # # All
MAOIs ## ## # Phenelzine, (moclobemide

only minor effects on REM)
5-HT2 Receptor blocks #/no change #/no change " Nefazodone, mirtazapine
SNRI # # # Venlafaxine



codynamic measure of brain effects. Most antidepressants increase monoaminergic
transmission either by preventing reuptake or by blocking autoreceptor mechan-
isms of homeostasis.

OtherAcute Effects

REM suppression after antidepressants is very often accompanied by an increase in
arousals during sleep, almost as if the transition to REM sleep is replaced by one to
awakening.Vogel (1990) has postulated that this type of arousal REM suppression
is characteristic of antidepressants. However, drugs affecting other neurotrans-
mitter systems also have effects on arousal, and therefore some antidepressants
improve sleep efficiency because of their effects to block, for example, histamine,
alpha-1 adrenoceptors or serotonin receptors (see below). There are no consistent
effects of antidepressants on non-REM sleep.

Chronic Effects

One of themost interesting uses of sleep studies of antidepressants is in the investiga-
tion of long-term effects. These effects are important, as most patients remain on
treatment for many months, and also interesting in psychopharmacological terms
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Figure 15.5 Simplified diagram of neurotransmitter influences on REM sleep generation
in the brainstem



given that our theories of antidepressant mechanisms are predicated on receptor
adaptation over weeks.

Sleep laboratory studies of long-term administration of antidepressants in
depressed patients have included work on the SSRIs fluoxetine, zimelidine, fluvox-
amine and citalopram (Rush et al., 1998 8 weeks; Wilson et al., 2000 12 weeks;
Hendrickse et al., 1994 47 weeks; Shipley et al., 1985 4 weeks) theTCAs imipra-
mine, clomipramine, nortriptyline and amitriptyline (Mendlewitz et al., 1991 3
weeks; Dunleavy et al., 1972; Kupfer et al., 19913 weeks; Ciapparrelli et al., 1994 4
weeks). Most have shown that the marked effects of increased REM latency and
decreasedREM time seen early in treatment are slightly diminished over the course
of weeks, although they remain significantly changed frombaseline. Effects on sleep
efficiency have been less well studied chronically, and their relationship to subjective
effects remains unclear.

In our studies we have used home recording with ambulatory equipment, which
made patients more likely to volunteer, since they were not required to come into
hospital, and some clinical assessments could be done at home. This procedure
obviated the need for adaptation nights, as the ‘first night effect’ (the first night in a
strange environment being different from a usual night’s sleep) has been shown not
to occur using home recordings (Sharpley et al., 1988). Subjective measures of sleep
are also important, as we have shown that perception of sleep changes during treat-
ment of depression, independently of objective measures (Wilson et al., 2000).

An example of one of these studies is our examination of sleep effects after during
long-term treatment of depression with an SSRI, paroxetine, and the mixed SSRI
and 5-HT2 receptor blocker nefazodone (Hicks et al., 2002). 40 depressed outpati-
ents were studied for 8 weeks treatment, with sleep recordings andclinical measures
at baseline and at three and ten days and eight weeks of treatment. As well as
measuring objective sleep we studied subjective perception with questionnaires
and diaries.

Depression ratings improved in both groups of patients, and we found that as
expected REM sleep was immediately suppressed by paroxetine but not by nefazo-
done (Figure 15.6). REM latency remained lengthened throughout the eight weeks
after paroxetinewhile amount of REM sleep recovered tobaseline. Sleep disruption
measures such as amount of time spent awake after sleep onset and number of
awakenings were increased in the paroxetine group and decreased in the nefazo-
done group early in treatment.

The sleep profiles of the two antidepressants were very different, and this is inter-
esting in the light of their different pharmacological profiles. Paroxetine, the
selective 5-HTuptake blocker markedly suppressed REM sleep as expected, and
also disrupted sleep continuity, whereas nefazodone, with its main action as a
5-HT2 receptor blocker, and without the anticholinergic and antihistaminic
actions of the sleep-promoting TCAs, improved sleep continuity. Thus we can
postulate that there is a sleep-promoting action of 5-HT2-blocking drugs, and
this is interesting in the light of previous findings that ritanserin, a selective
5-HT2 antagonist increases slow wave sleep dose-dependently (Idzikowski et al.,
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1991) and mCCP, an agonist at these receptors, reduces SWS and disrupts conti-
nuity (Lawlor et al., 1991).

It has been suggested that slow wave activity in non-REM sleep (SWA) and delta
sleep ratio (DSR) are normalized by successful antidepressant treatment (Ehlers et
al., 1996), that is that slow wave sleep and slow wave activity become greater in the
first than the second and subsequent sleep cycles. In that study, the balance of SWA
was shifted towards the beginning of the night in the responders to clomipramine,
thus increasing the DSR. Since this index differentiated responders from non-
responders, it was hypothesized that changes in SWA, rather than in REM sleep,
may be associated with the clinical effect of antidepressants. If this were true, DSR
could prove to be the elusive laboratory marker predicting response to treatment.

In the nefazodone and paroxetine study we used automatic frequency and period
analysis of slow wave activity; we hoped tobe able to separate the REM suppressant
action from the action on slow wave sleep, because one antidepressant suppressed
REM and the other did not. We found that the DSR changed significantly with
treatment, the balance of SWA shifting towards the beginning of the night. This
change was not associated with clinical improvement, but it was associated with
the type of the medication used. While DSR increased in patients treated with
paroxetine, it was largely unaffected in those treated with nefazodone, despite
the fact that there was no drug group difference in the clinical outcome (see
Figure15.7).This contrasts with the previous report, where DSR changes predicted

SLEEP RESEARCH AND AFFECTIVE DISORDERS _______________________________________ 459

Figure 15.7 Delta sleep ratio changes markedly during paroxetine treatment but not
during nefazodone treatment



response or non-response to clomipramine.TheDSRwas higher in remitted parox-
etine patients than non-remitters only in night 3, but the difference did not reach
significance.

MEASURING PHARMACODYNAMIC EFFECTS
USING SLEEP

One of themost useful ways inwhich the study of sleep may contribute research is to
use sleep to investigate psychopharmacological theories. One of these theories is the
use of pindolol to speed up and augment therapeutic effects of SSRIs.

Animal studies have shown that after acute administration of an SSRIthere is an
immediate decrease in the firing rate of 5-HT neurons and only a small increase in
the amount of 5-HT released into the synapse (Romero et al., 1996). After two
weeks’ treatment the firing rate of 5-HT neurons is found to recover and there is a
marked increase in synaptic 5-HT (Bel and Artigas, 1993; Kreiss and Lucki, 1995).
It is thought that this can be explained by the fact that serotonergic neurons in the
raphe nucleus have autoreceptors on their cell bodies and dendrites which respond
to increased 5-HT by switching off cell firing (Artigas, 1993). SSRIs produce
increased levels of 5-HTaround the cell body and dendrites of 5-HT neurons as
well as at the synapse, and thus may activate the 5-HT1A autoreceptors described
above and cause inhibition of cell firing and a reduction in the amount of 5-HT
released (Invernizzi et al., 1992). After chronic treatment with an SSRI there is a
progressive desensitization of these 5-HT1A autoreceptors in the raphe nuclei with
a consequent recovery of cell firing and a rise in 5-HT levels in the terminal regions
(e.g. frontal cortex), which is probably the site of antidepressant action in humans
(Blier and deMontigny,1994; see Figure15.8). If this model does represent the onset
of therapeutic action, then if the 5-HT1A receptorswereblockedandprevented from
inhibiting cell firing early in SSRI treatment then release of 5-HT in the cortex
might be accelerated.There is no selective 5-HT1A antagonist available for human
use, but pindolol, a beta-adrenoceptor antagonist, also has a high affinity for 5-
HT1A receptors where it also acts as an antagonist (Hamon et al., 1986). Pindolol
has been shown in some studies to accelerate therapeutic effects of SSRIs when it is
co-administered in depression (Artigas et al.,1994, Blier and Bergeron.,1995,Vinar
et al., 1996, Bakish et al., 1997).

So how could the study of sleep contribute to the validation of the animal model?
It is known that there is a dose-related suppression of REM sleep by SSRIs, and we
hypothesized that the sleep effects of the combination of pindolol and SSRI would
be much larger than the SSRI alone.We studied 12 healthy volunteers in a rando-
mized crossover study inwhich they received paroxetine 20mg/day (or its placebo)
for nine dayswith awashout period of five daysbetween (Bell et al., 2003). On day 7
and 9 of each treatment they also received pindolol 2.5mg (or its placebo) three
times a day. Sleep EEG recordings were made on each of the nights on pindolol (or
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its placebo) and thus four drug conditions were tested ^ placebo, pindolol alone,
paroxetine alone and pindolol+paroxetine.

We found that both paroxetine and pindolol alone suppressed REMand that the
REM effects of the combination were greater than either drug alone; however, the
magnitude of the REM effects was approximately equal to the sum of individual
drug effects (see Figure 15.9). However, there was a significant suppression of slow
wave sleep only after the combination, which would fit with the hypothesis that
pindolol and paroxetine in combination produce an increase in the net synaptic
release of 5-HT in the synapse.

The examples above have shown howmeasurement of sleep can answer questions
not only about depression and the effect of antidepressants but about the effects of
drugs on neurotransmitter systems in the brain. For instance study of sleep structure
in depression and after antidepressants may shed light on processes which are
common to sleep and depression.We are also able to track effects of serotonin-modi-
fying drugs by measuring their effects on sleep, and perhaps make assumptions
about adaptive mechanisms in the brain which contribute to antidepressant action.

An interesting topic is slow wave sleep in depression. Slow wave sleep is very
important for restoration/recovery processes and it may be that the build-up of
pressure for slow wave sleep during the day is disturbed in depression, allowing
REM sleep pressure to dominate. Studies of the REM and non-REM processes in
depression, and how they are affected by antidepressants may shed light on under-
lying neurotransmitter and receptor processes, and could be particularly useful in
the investigation of new agents affecting 5-HT2 receptors.
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_______________________ 16
Implementing ClinicalTrials

Fiammetta Cosci and Carlo Faravelli
University of Florence, Florence, Italy

Clinical trials are now the most common procedure for testing new psychotropic
compounds to be used in medicine and psychiatry. Almost all the principles of
present therapeutics are based upon the results obtained (and published) by means
of clinical trial methodology. All national regulatory agencies consider a new drug
suitable for the market only if its efficacy and safety are sustained by the evidence
derived from randomized trials.

The methods of clinical trials derive from a clearly stated epistemological frame-
work, where the principles of scientific empiricism demandwell-established rules in
order to control for validity, reliability (reproducibility) and control of the various
sources of bias.

Unfortunately, a potentially unaccounted bias is that all the newer compounds
are developed by private industry, whose ultimate goal is neither new discoveries
nor benefit to public health, but profit. Thus, the ethical standards for evaluating
scientific research are not entirely respected.

Consequently, clinical trials have been, on more than one occasion, a means of
twisting the methodological rules and empirical principles to drive the results
toward a specific end.

For this reason, it is the intention of the authors to set the record straight
concerning the critical analysis of the results of clinical trials, which, when
published, are considered part of the training and education of clinicians.

HISTORYANDDEVELOPMENTOFCLINICALTRIALS

The history of clinical trials in psychiatry began with Linford Rees. As early as
1949, while working in Cardiff, Rees conducted a study where electronarcosis,
which had been introduced as a new method for treating schizophrenia, was
compared with electroconvulsive therapy and insulin coma. In that study, the
three treatment groups were selected for comparability of age, sex, and clinical
features. Although the study was not fully randomized, nothing like this had
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been done in this area of psychiatry before. Subsequently, in 1950 and 1952, Rees
ran placebo-controlled, double-blind studies looking at desoxycortisone acetate
and later cortisone in the treatment of schizophrenia. The fact that the outcomes
were negative in all these comparisons perhaps obscured the dramatic break-
through that had occurred.

Beginning in1953, Joel Elkes studied 27 patients with schizophrenia, giving them
either aplacebo followedby chlorpromazine or vice versa, and found that the active
drug made a difference. In 1954, Rees randomized 100 anxious patients to either a
placebo or chlorpromazine, and found that the drug was anxiolytic. In 1952^54,
David Davies and Michael Shepherd studied the effect of reserpine in anxious
depressives, while Mogens Schou and Eric Stromgren ran a placebo-controlled
study of lithium in mania, finding it to be of benefit in 1954.

The Conference on the Evaluation of Psychotropic Drugs in 1956 was an
important landmark for the future development of randomized clinical trials
(RCTs) in psychiatry. The development of the use of clinical trials presented
basilar issues of methodology. There was a general belief that it was not possible
to measure subjective changes of the kind as those involved in psychiatric illness.
Stemming from this, one of the key issues at the Conference was the use of rating
scales for the mapping of clinical change. The most frequent question was ‘How
could a process that was so subtle and nuanced involving interactions between
the subject and his friends, family and co-workers be captured by an instru-
ment?’ Nathan Kline, in particular, strongly argued against the use of rating
scales. He contended that outcome measures, other than discharge from the
hospital, risked producing a variation of the rabbit out of the hat effect. Rating
scales were a means of putting the rabbit into the hat.When it was subsequently
pulled out, it would fool the investigator as much as anyone else into thinking
that something wonderful had happened.

Kline lost the argument and a strict process of standardization of psychiatry was
born. Since the early 1960s, no proof of efficacy of a new drug was accepted unless
substantiated by the use of rating scales (interestingly, no really innovative thera-
peutic agent has been discovered since). After 1962, the standardization of
diagnostic practice was all but inevitable. All research was first based on the use of
‘quantitative’ assessment measures, and then was accompanied by operational
criteria.

The big change, when it came, was symbolized by the publication of the third
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM III) in 1980
(APA,1980).

Currently, the clinical experimentation for new drugs follows precise and
standardized rules, initially dictated by the major American regulatory agency
(the Food and Drug Administration, FDA) and later generalized internation-
ally with the adoption of the Good Clinical Practices. The curious change
that occurred during these years is that agencies existing to regulate the indus-
tries have now become the standard to arbitrate on science (Healy, 2000a,
2000b).
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CLINICALTRIALS AS A STEP IN PHARMACOLOGICAL
EXPERIMENTATION

Clinical trials are conducted when preclinical studies on animals have already
produced sufficient knowledge about a compound’s potential therapeutic activity,
safety and toxicity. Pharmacokinetic and pharmacodynamic studies are the basis
for identifying dosage, rate of administration per day and scheme of titration that
will be applied to humanbeings who will take part in subsequent clinical trials.

The process of clinical experimentation is represented by:

. Phase 1study: aimed to define the drug tolerability profile;

. Phase 2 study: aimed to quantify drug activity;

. Phase 3 study: aimed to compare the drug’s efficacy and effectiveness;

. Phase 4 study: aimed to assess the drugs already on the market and used in
everyday practice.

This is a precise programme of research which may proceed both in series and in
parallel; it is also possible to go back to previous steps and repeat the same process
iter.

From a practical point of view, these phases follow strict rules:
Phase 1: study on healthy volunteers, and sometimes on a small sample of

patients.This phase provides initial indications on the clinical toxicity of the drug,
and in particular, on the maximum dose which can be reasonably well tolerated.
Moreover, it demonstrates the basic pharmacokinetics of the drug, the relationship
between pharmacokinetics and pharmacodynamics, especially referring to long-
term effects, and the relationship between dose-plasmatic concentrations and
outcome. In addition, these studies must give information about significant phar-
macokinetic variations in specific subgroups of subjects (elderly, patients with
diseases interfering with hepatic metabolism or decreasing urinary clearance, etc.)
and/or pharmacokinetic and pharmacodynamic interactions between the new
compound and other drugs eventually associated in poly-therapy. Finally, Phase 1
studies should identify pharmacokinetic and pharmacodynamic characteristics of a
new formulation compared to the ones already studied.

Phase 1 studies are usually conducted on 20^80 healthy subjects, and sometimes,
on small samples of patients.

When the information on pharmacokinetics and clinical toxicity collected are
clear and clinically and ethically acceptable, the drug can be investigated by
means of a Phase 2 study.

Phase 2 is a larger and more consistent sample of patients usually exposed to the
newdrug to identify more detailed evidence of the therapeutic efficacy and to define
the optimum dose range (minimal effective dose, maximum effective dose, thera-
peutic range related to safety and tolerability). During this phase the following
information should be collected: optimum scheme of administration, titration and
withdrawal symptoms. The last two points can be better defined during Phase 3
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trials, even if information coming from Phase 2 studies allow for better design of
subsequent protocol.

Briefly, Phase 2 is clinical research on the initial effects of the treatment,
conducted on samples of around 100^200 patients. Rarely, it can also identify a
secondary positive effect of the drug that indicates a probable new therapeutic indi-
cation. In this case, the drug will run the first phase again and be tested for the
supposed new therapeutic indication.

Phase 3 evaluates a larger number of subjects. For drugs with psychotropic effect,
around 2000^3000 subjects are usually included. During this phase, data
previously collected are verified referring to a larger sample and using less strict
inclusion/exclusion criteria. The aim of Phase 3 studies is to confirm and fortify
the data on efficacy and effectiveness, and to give a precise description of the toler-
ability and safety of the compound in a wide range of patient groups and settings,
and identify specific symptoms and patient groups in which the drug is especially
effective.The comparative studies should confirm the drug’s hypothesized psycho-
tropic activity in apopulation for which clinical use is proposed, and should provide
specific information about symptoms and the types for which the drug is especially
effective.The studies should be conducted under conditions which resemble those of
actual therapeutic use to establish optimal dosage in those populations for which the
drug is intended. Moreover, these trials should establish the safety of the new
psychotropic agent when given daily for three to six months and assess the nature
and significance of any side effects with regard to incidence and control.

METHODOLOGYOFCLINICALTRIALS

The Sample

In general, in Phase 3 clinical trials, it is important to sample the varieties of patient
material for which the drug is intended.This objectivemaybe servedby one or both
of two alternative strategies: (1) the population’s differing age, sex, diagnostic cate-
gories, treatment setting, previous treatment and other qualities may be studied
independently but, within each study, patients should be selected to be as homoge-
neous as possible. In this way, the diverse intendeduses are testedby separate studies
andeach study has the advantage of a homogeneous sample; (2) since the identifica-
tion of the pertinent qualities of the intended sample are often discovered both late
and serendipitously, an alternative approach to sampling may be preferable. Large,
heterogeneous samples are selected for each study with the aim of identifying the
most responsive subgroup and providing precision in estimations of drug effects
per se. Because of the post hoc nature of such findings, mutually comparable results
must be apparent in comparable studies.

As far as sample size is concerned, experience with psychotropic drugs would
suggest that in comparative trials fewer than 20 patients in any treatment group is
disappointing, but treatment groups of 25 to 30 patients can be satisfactory. More
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than 30 patients in a treatment group (30 to 50) is strongly recommended, particu-
larly for anxiolytic and antidepressant drugs.

Females of childbearing potential may be included if results from animal repro-
ductive and teratology studies and from previous clinical studies are satisfactory.

After comparative studies have indicated the drug’s basic therapeutic activity,
later studies in this phase may explore its efficacy and safety in patients with organic
illnesses requiring concomitant medications.

Children may be studied in separate trials provided the clinical picture warrants
drug administration and safety is assured to the fullest extent possible. Geriatric
samples should be studied separately as responsiveness in different age groups is
unpredictable.

Different treatment environments may be used by the independent investigators,
and the different intended uses will require different treatment settings: inpatients,
outpatients, private practice, psychiatric, non-psychiatric, with or without concur-
rent psychotherapy, or any other practice where there is an intended use.

Design

Phase1, 2 and 3 studies canbe conducted in a single group or in two ormore groups
of randomly included subjects. In any case, they refer to an open, single- or double-
blind scheme, respectively, if both subject and researcher know who is receiving the
drug, if only the researcher knows or if neither subject nor researcher knows who is
receiving the drug or the placebo.

Unless features of ethics, safety and feasibility are contraindicated, each subject
should have a drug-free washout period prior to receiving the study medication. If
after washout the patients’ symptom severity has dropped below the selection
threshold, the patient should be dropped.

Phase 3 studies are sometimes conducted in single groups to evaluate the long-
termoutcome in a large number of subjects. In these cases, biological and laboratory
parameters are monitored to collect clear data about the safety of the molecule.
These kinds of studies are necessary to register a new drug in Europe since the
European Committee for the development of new drugs expects exposure of at
least100 subjects to the therapeutic dose of the newcompound for at least12months.
It is obviously easier and faster to conduct such studies according to an open scheme
rather than a single- or double-blind one.

A property typical of the open Phase 3 studies is that the dose can be flexible in
order to adjust it to side effects and efficacy.

They can be conducted under controlled or uncontrolled conditions.The uncon-
trolledmodel refers to the assignment of aparticular drug to a number of the eligible
patients subsequently observed (usually around 50% of them). The other patients
are included as controls and receive a different treatment. The choice of the group
to treat with the new drug is absolutely random and casual. The control group is
used to eliminate the bias linked to the natural variability of the disease; correct
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randomization should produce the same variability between the patients and the
control group.

When the studies are conducted in two or more groups, they usually follow two
different designs: the parallel group and the crossover design. In the first study
group, patients are randomized in double-blind studies into two or more groups,
each subject receives only one treatment (placebo or active compound). Instead, in
the crossover design, each subject receives both treatments in two different phases
according to a randomized order.

The parallel group design has the advantage of eliminating biases due to dropout
and the data obtained can be easily analysed. The most important limitation is
linked to the risk of inadequate randomization that makes the groups not perfectly
comparable for variables that could interfere with treatment response.The parallel
group design is widely used in Phase 3 clinical trials of psychotropic drugs.The new
molecule can be compared to an ‘old’ active one (in the case of an anxiolytic, an
antidepressant or an antipsychotic) and to both the placebo and the active drug (in
case of an anxiolytic or an antidepressant), or only to the placebo (if the corre-
sponding active drug has not already been marketed). The use of the placebo is
necessary to collect information about efficacy and tolerability. Moreover, the
placebo is ethically acceptable when an active comparable drug for the control
group is not available (Hill, 1963).

The parallel group design is usually characterized by an initial period under
placebo treatment according to a single-blind study, with the aim of conducting
laboratory tests, collectingdata for subjects inclusion in the‘active’partof the experi-
mentation, washingout, if necessary, andexcluding peoplewith a high response rate
to theplacebo.Theparallel groupdesigncanalsobeusedtotest a specifichypothesis,
for instance, to evaluate withdrawal symptoms after the sudden termination of
chronic treatment. In this case, one group stops the treatment, while the parallel
group continues as a control. This scheme is particularly useful in evaluating the
long-term response toadrug, especiallywhen it isused inchronic orhighly recurrent
disorders, such as chronic depression. Moreover, the parallel group design can be
flexible and, in this sense, adequatelymodulated to test specifichypotheses.

The crossover design has some important advantages similar to the parallel
group scheme. It has a limited variability of response to the treatment because two
drugs are tested on the same subjects.This brings a significant increase to the statis-
tical efficiency of the comparison between the two compounds. Moreover, given
that each subject receives both treatments, the researcher needs a smaller sample,
or half the number of subjects required in aparallel group design, to test the hypoth-
esis. On the other hand, there are also some important disadvantages: (1) due to the
variable, episodic course of most psychiatric disorders, any advantages of the cross-
over design to clinical psychopharmacology may be more apparent than real. Due
to either treatment effects or spontaneous changes, the patient may be significantly
different in his requirements during each of the successive medication periods. In
addition, experience with the first medication may significantly influence the atti-
tude of the patient’s family toward his illness, as well as the attitude of the therapist
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or of the patient himself; (2) subjects under study should present with a chronic
disorder that lasts for the entire trial period; (3) subjects should be evaluated only
after a complete washout to avoid any residual pharmacological or pharmaco-
kinetic effects of the treatment received during the first half of the trial (the so-
called ‘carry over’effect).

Considering these strict rules, the crossover design can be used only rarely. In
fact, some acutely psychotic patients, as well as many anxious and depressed
patients, canbecome virtually asymptomatic after relatively brief exposure to effec-
tive medication andmay present important symptomatological fluctuations during
that time.Thus, a therapeutic response to the first effective medication can lead to
the withdrawal of the most responsive patients and leave a smaller and perhaps
more treatment-resistant sample for subsequent treatments in the crossover design.
It is evenmore difficult to use such a design in clinical trials studyingantidepressants
if we consider that a long period of washout is sometimes necessary to eliminate any
‘carry over’ effects (Uhlenhuth et al., 1979) and that antidepressants have a two^
threeweek latency of action. For this reason, clinical trials for antidepressants rarely
use the crossover design.

Moreover, in depressive syndromes, spontaneous remissions and response to
aspecific care may occur (FDA,1979). On the other hand, the crossover design can
be properly applied in studies on obsessive-compulsive disorders.

To support a claim of efficacy, it is scientifically desirable that from three to five
studies in Phase 3 compare the new compound with both a placebo and an estab-
lished efficacious drug of a pharmacological class similar to that of the drug under
investigation.These studies should be double-blind and utilize standard methods of
assessment of change.When it is concluded that the drug’s basic therapeutic efficacy
has been clearly established by comparative studies, consideration may be given to
undertake further studies on an open trial basis with new populations. Due to the
lack of a control group for comparison, these types of studies carry with them the
inherent risk of encountering difficulties in interpretation of unexpected findings.
Such findings need further comparison study or other studies that can provide
corroborative support of efficacy and valuable data regarding safety of the new
drug, especially when researchers working separately obtain similar findings.

In addition, patients may be selected to evaluate claims of efficacy other than the
major ones.Three double-blind studies should be sufficient to assess efficacy in each
of these other areas. Prior to double-blind comparative studies, it may be necessary
to conduct several open studies to familiarize the researcherswith the drug’s activity
in aparticular therapeutic situation or special population and to establish an appro-
priate dosage range.

Long-term safety studies may be done on an open trial basis or in a parallel
comparison group design.The dosage should be at least the level expected for even-
tual general therapeutic use.The datamay also be obtained from studies of samples
where continued medication may be anticipated, as well as from a formally struc-
tured, long-term study. Provision may be made for patients in therapeutic trials to
continue on the drug if it is indicated. A concurrent comparison group receiving no
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treatment or placebo is highly desirable here. In the latter case, a related problem
deals with attrition. The longer a trial continues, the greater the likelihood that
patients will drop out; the sample finishing the trial will not be identical to that
beginning the trial. Life-table methods and other statistical techniques derived
from public health morbidity and mortality studies may be applicable in this area
(FDA,1979).

Long-term studies of safety and efficacy are increasing in importance as they
present an opportunity to look for indications of tolerance and dependence. The
goals of the studies correspond to the evaluation of the reduction in mortality, espe-
cially from suicide, prevention or reduction of re-hospitalization, reduction in risk
of recurrence or relapse, social functioning, relief from minor symptoms and life
satisfaction. Nevertheless, there are many unsolved problems. First, on the basis of
presenting clinical symptoms, it is difficult to predict which patients are likely to
have recurrences. The frequency of recurrences and the duration of the interval
between relapses or recurrences are highly variable.

Nowadays, themajority of clinical trials use double-blind, randomized, two-arm
studies, where a new compound is compared to a standard drug and placebo.They
usually include an initial ‘run in’phase inwhich the subjects receive the placebo, this
allows a washout period and the individuation of placebo responders who will be
excluded from further stages of experimentation.

The use of two arms implies the simultaneous comparison of the new compound
withboth the placebo andanactive, standarddrug.With this procedure it is possible
to complete the iterquickly soas tomarket anewproduct ina shorter amountof time.

Duration

The duration of therapeutic trials may vary. The recommended duration of the
treatment period should vary according to the nature of the drug, the treatment
requirements of the patient sample, and the setting in which the treatment is
conducted. From two to four weeks is usually sufficient to show anxiolytic effects
among anxious patients, and for depressed patients from three to four weeks is
usually sufficient to show antidepressant action. For psychotic patients a treatment
period of approximately four weeks is usually sufficient to show a therapeutic effect,
but trials of six to eight weeks are preferable.

Weekly post-treatment evaluations for two to four weeks are needed when the
rapidity of relapse is to be determined.

For tests of indications other than the major efficacy claims, the sample using the
drug should be followed for a period comparable to that employed in normal clin-
ical usage.

The duration of long-term safety studies is usually three to six months.
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Assessment

Baseline observations shouldbe carried out in all patients immediately before initia-
tion into the treatment programme.The baseline evaluation should include all tests
and assessments anticipated for later use in documenting the sample, inferring ther-
apeutic change or monitoring safety considerations.

Since some disorders may remit rapidly, the second evaluation should generally
take place within one week.The frequency of successive evaluations may vary from
days to weeks.

For most cases of acute anxiety and many cases of depression, the episodes are
relatively short-lived andwithin three or four weeks substantial spontaneous remis-
sion may occur amongmany patients. A placebo group, as well as a group receiving
an inactive drug, may show at four weeks a level of remission comparable with that
obtained after one or two weeks of effective treatment. This especially depends on
the fact that at thebeginningantidepressant drugs have a latencyof action of around
two^three weeks. During this period, patients do not reap any benefit from the
active treatment but, in the majority of the cases, only side effects and a possible
increase in the initial symptoms due to the biphasic action of antidepressants (espe-
cially selective serotonin reuptake inhibitors, SSRIs).

Thus it is possible that assessments conductedonamonthly basiswill fail to reveal
evidence of immediate therapeutic effect, i.e. during the first or second week of
treatment. Since the speed with which a clinically significant effect is attained is of
practical interest, most, if not all, assessment programmes should be repeated at
frequent intervals during, at least, the first four weeks subsequent to the pretreat-
ment baseline determination.

The criteria for evaluating the treatment response is crucial. Pertinent areas for
assessment are necessary, as well as specific tests and procedures for observing or
identifying untoward changes.

Classes of assessments specifically identified as criteria for evaluating psycho-
tropic agents include: (1) global rating scales; (2) symptom rating scales (even if,
unfortunately, their ad hoc nature makes most such scales unreliable and the
mixed dissimilar symptoms found in a group of similarly diagnosed patients present
problems in data summary, analysis and interpretation); (3) self-descriptive inven-
tories; (4) mood adjective checklists (providing quantitative assessments of various
mood dimensions, including anxiety/tension and depression); (5) ratings of social
adjustment; (6) behavioural measures; (7) physiological measures; (8) evaluation
of side effects (including their duration, onset, severity, likelihood of association
with the study medication and action taken).

Drug-effect criteria in clinical trials of psychotropic agents should include a
global rating, a standardized symptoms ratings by the clinicians, and, if possible,
an independent standardized self-rating by the patient. An assessment of adverse
events is essential as well.

In selecting the specific measures, the following properties of each measure
should be considered: (1) reliability, i.e. consistency of the measurements obtained
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from a standard, unchanging selection; (2) validity, i.e. the ability of the measure to
reflect the intended aspects of the problem of interest; (3) normative data, i.e. data
allowing the investigators to set the minimum level of pathology for including
patients in the study, to set the maximum level of other pathologies acceptable and
to interpret the effectiveness of the treatment in reducing the pathology; (4) ease of
administration (ECDEU,1978).

Clinical trials aimed to study antidepressants evaluate both severity of the symp-
toms and side effects induced by the compounds under study. Symptom severity is
usually measuredbymeans of rating scales.TheHamiltonRating Scale for Depres-
sion (HAM-D) (Hamilton, 1960) and the Montgomery^Asberg Depression
Rating Scale (MADRS) (Montgomery and Asberg, 1979) are the most widely
used. Symptom severity is evaluated at regular intervals during the trial and the
difference between the final and initial scores is a measure of treatment response.
A 50% reduction in the initial score is commonly considered the cut-off point estab-
lishing efficacy. Such a reduction does not necessarily mean recovery or
improvement for the patients, as the scale measures only the severity of a limited
number of symptoms and not what the patients actually feel.

Side effects are usually measured by means of rating scales, such as the Dosage
Record and Treatment Emergent Symptom Scale (DOTES) (Guy, 1976) and the
Systematic Assessment forTreatment Emergent Events (SAFTEE) (SysteMetrics).
These scales were properly realized after the discovery of tricyclic antidepressants
(TCAs) with the objective of underlining the presence/absence of themost common
secondary side effects ofTCAtreatment.Unfortunately, after the discoveryof SSRIs
andthenewer compounds, which have a side-effect profile completelydifferent from
TCAs, the scaleshavenotbeenmodified.Consequently, although it isnowpossibleto
know if, for instance, anSSRIproducesxerostomia, it isnotpossibletodemonstrate if
it induces a modification in the pattern of coagulation, as no rating scales include
parameters like the INR. In fact, these types of side effects have been discovered by
means of post-marketing surveillance andnotbymeans of clinical trials.

ETHICS

Studies shouldbe conducted in accordancewith the Declaration of Helsinki and the
laws of the country in which the research is conducted.This means, first of all, that
voluntary consent is always required. Second, it is frequently necessary to exclude
from drug research studies female patients who are, or may become, pregnant to
eliminate the possibility of foetal damage.The first trimester is particularly at risk
to the foetus. Sexually active women should be included only if they do not plan on
becoming pregnant and are taking appropriate measures to avoid conception. On
the other hand, the use of contraceptive drugs of established efficacymay pose a risk
of adverse interaction with the investigational drug. Only after the results of repro-
ductive and teratologic studies in animals have been reviewed and judged
satisfactory may sexually active women be included.
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Studies involving children should not be initiated until safety and efficacy studies
in adults are well advanced.

The clinical use of placebo comparisons poses a true moral dilemma. Is it ethical
to treat countless patients with a marketed but inadequately tested substance not
proven to be more effective than an inert placebo? Is it ethical, for the sake of proof
of efficacy based on placebo comparisons, to make deliberate investigational use of
inert medication in a limited number of patients requiring treatment? The urgency
of this dilemmavaries from situation to situation as investigators weigh the alterna-
tives. Although specific circumstances of prevailing ethics may contraindicate the
use of placebo comparisons, claims for efficacy must provide an acceptable alterna-
tive, i.e. comparisons of dosage^response curves. In psychopharmacology, masses
of data are not regarded as an acceptable alternative for studies involving unambig-
uous comparisons.

In conditions such as depression and anxiety, many investigators believe that the
superiority of standardexistingdrugs over placebo is sufficientlymodest tomake the
administration of placebo to some patients entirely justifiable, particularly if there
are specific provisions to remove from the study those patients whose clinical condi-
tion worsens or fails to improve over a limited period of time.There is, however, a
large body of opinion in some countries which questions the ethics of the use of a
placebo, especially in depressed outpatients for whom even a modest level of super-
iority of drug over placebo might be sufficient to avert a suicide.

On the other hand, nowadays there is a wide opinion supporting the use of
placebo-controlled studies on the basis that the comparison between a new drug
and the placebo is necessary because the new drug must be at least superior to the
placebo in terms of efficacy. In fact, the results of controlled clinical studies without
comparison with a placebo usually show an efficacy of the drug four to five times
higher than the one demonstrated by clinically controlled studies with a placebo
comparison. Moreover, the ethical use of a placebo is supported also by the fact
that about 25% of patients improve without drug treatment (the so-called placebo
effect).

Considering these issues and assuming the substantial superiority of available
standard psychotropic drugs over the placebo, it seems reasonable to first determine
whether the drug under investigation has the same general efficacy as a standard
drug. If it is not inferior to the standard drug, placebo-controlled studies should be
initiated. If patient condition worsens, however, provisions should be made for
removing them from the study.

Depending onthe nature of the disorder, the type of drug under investigation and
the safety and reliability of drugs available, placebo comparisons may be regarded
as unethical or unsuitable.Where the placebo controls are not to be used, the drug
under investigation is compared to a standard active drug, amytriptiline or imipra-
mine, according to past procedures, and fluoxetine, according to the present
procedure. The past use of TCAs as comparison drugs imposed the exclusion of
patients with organic illnesses, such as cardiac disorder, glaucoma, urinary dis-
orders, that could worsen due to the TCA. However, such exclusion criteria
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remained when fluoxetine was introduced, even though it did not have the same
contraindications asTCAs.This is a strong paradox because the comparison drug
should stimulate the discovery of new, more effective and tolerable compounds
instead of restricting the field of research with an over-selected sample.

On the other hand, the superiority of a new compound is usually shown by
comparing it with another compound of a certain class of antidepressants, usually
imipramine forTCAs and fluoxetine for SSRIs.This introduces a strong bias linked
to the specific characteristics of each antidepressant that cannot be applied to all
drugs of the same class. In practice, in a sample of depressed patients with a high
anxiety level, a new antidepressant which induces sedation as a side effect may
provide better results when compared with fluoxetine, but not with fluvoxamine.
There is the risk of applying the properties of a specific compound to all the other
drugs of the same class, even if clinical practice demonstrates how different the
effects of the drugs may be.

Moreover, when a placebo is not used, the investigation must provide for other
procedures to protect against type II errors (i.e. an acceptance of the null hypo-
thesis when it is wrong). Large sample size, use of stringent selection criteria, use of
well-validated rating scales, evidence of inter- and intra-rater reliability and avoid-
ance of all confounding therapeutic influences will help to reduce the hazard of
error. Moreover, as alternatives to placebo-controlled studies, dose^response
curves for the experimental and standard drug can be compared, or at least two
dosage levels of the experimental drugmaybe comparedunder double-blind condi-
tions to demonstrate dosage effect on efficacy. It may be desirable in some situations
to consider a design where a group receiving the experimental drug is compared
with a group receiving placebo in terms of the amount of standard drug supplemen-
tation required to maintain patients at a specific level (ECDEU,1978).

Concerning the comparison of a drug versus placebo to study tolerability, Phase 3
studies are only partially useful and satisfactory.They should be completed by post-
marketing surveillance, representedby Phase 4 studies.These studies focus on effec-
tiveness andprimarily on tolerability of themarketed drug, administrated to a large
sample of subjects during the daily clinical practice. The aim is to improve knowl-
edge concerning the use of the drug, the risk/benefit ratio, the correlation between
epidemiology of the disorder and the use of the corresponding drugs, the inter-
actions between efficacy and tolerability of drugs used off-label, as well as the long-
term positive and adverse effects.

This phase is particularly important for drugs previously studied through experi-
mental designs or for drugs showing toxicity in specific populations (e.g. pregnant
women, genetically selected subjects, chronically treated populations). A paradig-
matic example in this case are the studies concerning clozapine (Healy, 2000a).

Although surveillance is fundamental for obtaining adequate knowledge of drugs
and their use in daily clinical practice, it is not so common and widely practised. A
good example of this is represented by the IFPMACompendium on Regulation of
Pharmaceuticals for Human use, formulated by the World Health Organization
(WHO), which describes (section 6) the post-marketing procedures for 58
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countries. Among the 58 included, 27 countries have specific legislation about drug
surveillance, while seven countries do not have any legislation, but only recommen-
dations for pharmacological industries and/or for general practitioners. 24
countries, on the other hand, do not have any kind of regulation.

LIMITATIONS OFCLINICALTRIALS

The general methodology of clinical trials should be based on the principles of
empirical science: (a) reliability, that is the principle for which the same result
must be reproduced by different researchers (inter-rater reliability), or by the same
researcher on different occasions; (b) control of biases (the systematic mistakes);
and (c) use of inferential statistics to generalize on the entire patient population
with a specific diagnosis the results of data collected in a small, but representative
sample.The effort to respect these three aspects has often been the cause of a disre-
gard for validity or the inadequacy of the experimental design to solve the scientific
problem and the transposition of the results in situations different from the experi-
mental ones.

Moreover, one of the most important principles of the scientific procedure is to
look for and find the truth, respecting the ethical rules for which the only required
reward is the discovery itself.

As mentioned above, in reality, the pharmaceutical industry’s aim is usually to
finance clinical trials in order to increase profit, independent of the possibility of
discovering the truth.Therefore, research is drivenby economic interests, rendering
the ethical context of clinical trials markedly different from that envisaged by the
epistemological principles of scientific research.

The fact that the majority of clinical pharmacological research is ordered and
supported by the pharmaceutical industry perpetuates the suspicion that in
controlled clinical trials there is a bigger and more dangerous bias than in the case
of a complete absence of clinical evaluation. It is noteworthy, for instance, that nega-
tive results are not published and emphasized as well as positive results.

Considering these points, it seems necessary to critically evaluate clinical trials,
as they are themost important step towardendorsement of newexperimental drugs.

INCLUSIONAND EXCLUSIONCRITERIA

The selection of patients to participate in a clinical trial is of paramount importance
(Endicott et al., 1994). Generally, five to ten patients are screened out for every one
or two patients enrolled in the clinical trial for an antidepressant. Indeed, the
average depressed patient in a psychiatrist’s practice would probably be ineligible
to participate in a Phase 3 clinical trial, often because of comorbid medical or
psychiatric illness. High-volume sites may even operate on a ‘don’t ask/don’t tell’
strategy. If the exclusion criterion is questionable, it is in the best interest of the
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research entrepreneur to enrol the patient without clarifying the presence or
absence of the ambiguous exclusion criterion (Thase, 1999), especially when the
researcher must complete the trial in a short time.This means that subjects can be
over-included using softer exclusion criteria.

Fortunately, young women can now participate in industry-sponsored clinical
trials except when they are pregnant, breast-feeding, or ^ if sexually active ^
unwilling to use an acceptable form of birth control (Merkatz et al.,1993). Unfortu-
nately, inclusion criteria are still strict and exclude from clinical trials the elderly
(the FDA now requires representative samples of subjects including men and
women aged 18 to 60 years from various regions of country for Phase 3 studies)
(New Drug Development in the United States, 1976) (Endicott et al., 1994), non-respon-
ders and non-compliant people. This selection is even more evident and strict
considering that a large part of clinical trials are conducted in highly regarded insti-
tutions (Simon et al.,1996;Thase,1999), whichusually treat subjectswith extremely
severe symptoms and poor response to treatments. Although antidepressants are
effective in psychotic depression compared to the placebo, depressed patients mani-
festing hallucinations or delusions (and in particular those with suicidal tendencies)
are usually excluded fromtrials conducted in theUnited Statesbecause the standard
of care for psychotic depression is a combined therapy with anantidepressant andan
antipsychotic, or electroconvulsive therapy. Similarly, cases with comorbidity with
psychiatric disorders ‘not better accounted for’ or organic diseases are usually
excluded, even if they include a large majority of patients observed in clinical prac-
tice.

In substance, clinical trials usually refer to tightly controlled conditions that may
prevent detection of differences in real-world effectiveness (Feinstein, 1983). More-
over, in clinical trials for antidepressants, it is worse still that these tightly controlled
conditions have been determined by a wider necessity to protect the researchers
from a legal point of view and not protect the subjects under study from iatrogenic
diseases, as in the past. It seems that this kind of research has been gradually modi-
fied in favour of bureaucratic requirements instead of scientific ones.

MEASUREMENTOFOUTCOME ANDANALYSIS
OF THE RESULTS

The outcome is usually assessed as a good response to the drug if there is a 50%
reduction in symptoms. Considering that the golden zone to detect efficacy of most
antidepressants is probably in the moderate to moderately severe range of depres-
sion, a 50% reduction in symptoms cannot really identify a good response to
treatment and does not match at all with patients’opinion of recovery (Perry,1996;
Nurnberg et al., 1999;Walters et al., 1999; Panteleeva et al., 2000), as the patient
evaluates not only the mere reduction of symptoms but principally his functional
impairment and quality of life. Therefore, a well-conducted clinical trial should
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include rating scales and questionnaires measuring the quoted parameters of func-
tional impairment and quality of life.

On the other hand, placebo response rates of 50% to 70% are not uncommon in
mild depression. Since this cut-off is not able to discriminate between a placebo and
drug response, a ceiling effect sometimes compromises interpretation of studies of
mild depression because of the lack of design power to show improvement when
placebo response rates are high (Thase,1999).

A further consideration refers to the statistical analysis of the results. Controlled
clinical studies usually compare new drugs with traditional ones (typically the
tricyclic antidepressants amitriptyline and imipramine) and lack of a significant
difference between the two is taken as evidence that the new drug worked just
as well as the older one. This kind of study indicates that given the numbers
involved in a traditional antidepressant trial, the lack of difference between old
and new treatments is not convincing evidence that the new treatment works.
This is strictly linked to the common presence of the so-called type II error
because small numbers are often likely (Thompson and Pocock, 1991; Greenberg
et al., 1994; Hotopf et al., 1997). In reality, if drug ‘A’ is not statistically more
effective than drug ‘B’, it does not mean that ‘A’ is as effective as ‘B’. The bias is
usually eliminated using a statistical design aimed to contradict hypothesis I (i.e.
the two treatments are different) rather than not to contradict hypothesis I (i.e.
the two treatments are equal). Briefly, when the results of a study do not show a
significant superiority of one drug over the other, the only reasonable and
correct conclusion is that the initial hypothesis cannot be confirmed (Faravelli
1994). Moreover, in theory, good clinical trials should analyse all the data
collected in the sample observed, including dropout subjects.

DURATIONOFCLINICALTRIALS

Formany patients, psychiatric disorder is a recurrent and potentially chronic illness
that warrants long-term, preventive treatment. An acute phase response to a new
agent thus will often lead to an indefinite course of maintenance phase therapy. At
present, the vast majority of controlled clinical trials last less than one year.There
are only a few published studies with a trial duration of greater than one year invol-
ving antidepressants introduced since 1988 (Montgomery et al., 1988; Stewart,
1998; Keller et al., 1998). Moreover, trial design adopted for registration purposes
only calls for a six-week trial exposure. Ordinarily, six weeks is sufficient to show
changes in Hamilton Rating Scale scores and significant differences from placebo
administration. Thus, regulatory agencies such as the FDA accept evidence from
such a trial sustaining a claim of antidepressant efficacy. Arguably, the relatively
brief period of treatment involved in this design, or the widespread confusion
between regulatory and scientific studies, or both factors combined, create an
impression of therapeutic specificity; depression is rather similar to a bacterial
infection, something that can be knocked out by a short, sharp course of
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treatment ^ an impression that is quite misleading. Thus far, there have been no
major surprises, but issues such as loss of efficacy over time, late-emerging weight
gain, and untoward antidepressant discontinuation syndromes, continue to be
topical concerns.

An implication in favour of long-termevaluation of the results comes from studies
showing that treatment with aplacebo never maintains the Clinical Global Impres-
sion (CGI) score above1^2 for aperiod of at least one to twomonths (Quitkin et al.,
1984; Goodnick et al., 1987).

In reality, clinical trials are usually too short and there is no interest in deciding
the criteria to stop a treatment. The controlled studies usually last for four, six or
twelve weeks of treatment; follow-up periods are rare and their results are usually
not published.

Moreover, antidepressants have a characteristic period of latency before produ-
cing a real therapeutic effect, and this time varies from subject to subject.The profile
of improvement usually reportedby controlled clinical trials, as a rapid reduction in
symptoms in the first two weeks and a subsequent slower improvement, is far from
what can be observed in clinical practice, where patients do not present an initial
modification of symptom severity and have subsequent rapid improvement. In
reality, what clinical trials show is a mean pattern of response, influenced by the
initial rapid improvement typical of some patients. The direct consequence is that
the mean pattern of response cannot be generalized and applied to all subjects.
Therefore, it is necessary to have a follow-up period to clarify treatment response
and the corresponding outcome.

THEMATTEROFGRANT

Phase 3 studies are tightly linked to regulatory agency rules that may favour
pharmaceutical industries, which provide economic support of research but,
above all, the use and widespread marketing of their new products (Stewart,
1998; Nurnberg et al., 1999; Thase, 1999). Moreover, they have access to all
data on a specific product. Several authors have provided direct evidence of
publication bias by investigating the publication status protocols submitted to
ethics committees or research organizations (Dickersin and Min, 1993; Stern
and Simes, 1997).

In this regard, it is interesting to notice that antidepressants, such as Prozac, have
been licensed on the basis of demonstrated superiority over a placebo in patients
with moderate rather than severe depression. But this superiority over the placebo
says nothing about how good the compound is. Superiority over a placebo legiti-
mizes a marketing claim that the compound has antidepressant efficacy, but is it as
good as older compounds? A number of studies that have been done by independent
groups, notably the Danish UniversityAntidepressant Study Group (DUAG) have
compared some of the newer compounds with clomipramine in more severely
depressed populations. In most cases to date, clomipramine has been found to be
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superior (DUAG, 1986, 1990). The question of how an antidepressant acts against
themore severe forms of depression is of no small importance, likewise, the question
of what an antidepressant is and indeed what depressive disease might be is also
important. Another ambiguity that the SSRIs arebeneficial inmoderate depression
is consistent with an assumption that they will also be useful for milder depressions,
but strictly speaking, this has not been shown to date. On the other hand, any anti-
depressants, prior to the first of the SSRIs, have been shown to be antidepressant, at
least to the FDA’s satisfaction. The fact that the older compounds have not been
withdrawn from the market, however, tacitly indicates that everyone ‘knows’ that
they are antidepressants. There is a sense, then, that in the real (non-regulated)
world, randomized placebo-controlled trials are not necessary to prove that a
compound is an antidepressant.

Pharmaceutical industries, however, should not be considered uniquely evil in
this regard.The trials that the industry has sponsored have established that certain
compounds with particular biochemical profiles are at the very least antidepressant
principles, if not specific magic bullets for depression.The various psychotherapies,
in contrast, have conspicuously avoided testing the different therapeutic compo-
nents contained in the treatment packages they offer to see which contributes what
to the resolution of depressive or other nervous disorders. In short, a great deal of
what a study reveals depends on who sponsors it, and the community at large has
not, for the most part, been involved in sponsoring independent studies in the ther-
apeutics of nervous disorders.

PUBLICATIONOF RESULTS

As a consequence of the strict relationshipbetween scientific research and economic
interests, it is noteworthy that Phase 3 clinical trials, principally used to test new
compounds before marketing, are easily published and largely represented in
the literature. Moreover, the majority of the published results show the super-
iority, in terms of effectiveness, of the new compounds versus the old ones. This
unfortunate phenomenon can explain the pharmaceutical industry’s pressure to
modify the presentation of results of clinical trials, or leave them unpublished. In
other words, many negative trials are not published because of pressure or criti-
cism exerted by drug firms upon authors, or as a result of a conflict of interest in
the editorial processing of manuscripts (Fava, 1998). A striking example of this is
the case of calcium channel blockers compared to a diuretic published in the
Journal of the American Medical Association (Zalewski, 1997), but it is also the case
with antidepressants. Only a small number of published results of randomized
clinical trials show unfavourable results of the new antidepressants (DUAG,
1986, 1990; Peselow et al., 1989; Faravelli et al., 2003), while there are a myriad
of clinical trials in favour of the new compounds. This could be explained by the
true superiority of new antidepressants; however, in reality, meta-analyses of the
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trials comparingTCAs vs. SSRIs usually fail to demonstrate a clear advantage of
the SSRIs (Anderson, 1998, 2000; Bech et al., 2000; Hotopf et al., 1996; Mitchell
et al., 1997; Montgomery, 2001; Ottevanger, 1991; Pande and Sayler, 1993; Song
et al., 1993; Steffens et al., 1997).

However, meta-analyses can be biased as well as clinical trials because they may
include or exclude clinical trials and they usually refer to published data and not to
all the available data for all randomized patients, since there is a large number of
unpublished reports.

Concerning the inclusion of unpublished results, Bech and co-workers in 2000
used the Eli Lilly and Company (Lilly) fluoxetine database referring to patients
from published and unpublished randomized clinical short-term trials of fluoxe-
tine, aiming at obtaining quantitative estimates of the fluoxetine treatment effect
compared with placebo and TCAs. The results were striking since fluoxetine was
superior to placebo in all the trials while in trials comparing fluoxetine versus
TCA, the results for all trials and for the USA trials showed a trend in favour
of fluoxetine. Those for the non-USA trials showed a trend in favour of TCA.
The authors concluded that fluoxetine was superior to placebo whereas the
results obtained versus TCA depended on the approach used. In fact, in 65% of
the USA trials compared with the 47% of the non-USA trials, old TCAs
(imipramine and amitriptyline) were used as comparison compounds instead of
the newer (nortriptyline, clomipramine, etc.). The choice of the comparison
compound is fundamental as the results from meta-analyses can differ depending
on how many patients are withdrawn from treatment early and how they are
counted in the analysis.

Suchmanipulation of results is relevant as it is generally recognized that the stan-
dard basis for treatment guidelines is meta-analyses of all randomized controlled
trials or systematic literature reviews.

Concerning the choice of clinical trials in ameta-analysis, differentbiasesmustbe
considered: multiple publications, selective publication, selective reporting in
studies sponsored by the pharmaceutical industry. Melander et al. (2003) studied
38 publications presenting data from the 42 studies submitted to the Swedish drug
regulatory agency to secure marketing approval for five SSRIs for the treatment of
major depression.They found: (1) multiple publications: 21studies contributed to at
least two publications each, and three studies contributed to five publications; (2)
selective publications: studies showing significant effects of drug were published as
stand-alone publications more often than studies with non-significant results; (3)
selective reporting: only 24% of the stand-alone publications reported the usually
less favourable intention to treat results while many publications reported the more
favourable per protocol analyses only.

On the basis of these findings, it is evident that without access to all studies (posi-
tive as well as negative, published as well as unpublished) and without access to
alternative analyses (intention to treat as well as per protocol), any attempt to
recommend a specific drug is likely to be based on biased evidence. In this sense,
the authors talk about evidence-b(i)ased medicine.
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FROMCLINICALTRIALS’ RESULTSTOCLINICAL
PRACTICE:THEOFF-LABELUSE
OF PSYCHOACTIVE DRUGS

Major biological treatments in psychiatry have been discovered by accident or
serendipity, that is by means of chance as a necessary and/or sufficient condition.
Good examples of serendipitous discovery are electroshock therapy, lithium, chlor-
promazine, iproniazid and imipramine (Jeste et al., 1979). Since strict
methodological rules have been introduced in research, the possibility of serendipi-
tously discovering new psychoactive drugs have largely decreased. The only
exception is due to the ‘off-label’ use of the new compounds. That is, some drugs
have been found to be effective in psychiatric disorder different from those for
which they initially had indications.

Actually, the only real improvement in clinical pharmacology during the last 40
years is due to the unexpected, off-label use of drugs developed for different
purposes: antiepileptics asmood stabilizers, SSRIs for anxiety disorders, novel anti-
psychotics for bipolar disorders.

CONCLUSIONS

Considering all these issues, there are some doubts that Phase 3 studies do allow an
extrapolation to the wider patient population which it is intended to treat.

This suggests that: (1) the simple transposition of the findings to the real world
clinical reality is particularly difficult because the population samples of clinical
trials have different characteristics from the patients of everyday clinical experi-
ence; (2) research conducted on a sample with a high rate of probable non-
responders yields misleading results. The problem is even more complex if we
consider that psychiatric samples are intrinsically heterogeneous, and this phenom-
enon is not mitigated by operational diagnoses.

On the basis of limitations described above, it is evident that the majority of the
studies should be subjected to some form of criticism. For instance, it is now
commonly accepted that SSRIs should be, together with other newer compounds,
the first-choice treatment formood and anxiety disorders (Keller, 2000; Zohar and
Westenberg, 2000). However, this is far from being well established. Some studies
still report greater efficacy of the TCAs (DUAG, 1990; Barbui and Hotopf, 2001;
Faravelli et al., 2003) and the meta-analyses carried out on the trials comparing
TCAs versus SSRIs failed to show a clear advantage of the SSRIs (Anderson,
2000; Bech et al., 2000; Montgomery, 2001).

There is a large gap between clinical trial findings and clinical practice. Clinical
trials seem to serve the purpose of advocating new compounds (Fava, 2002) and to
favour their registrationwith regulatory agencies, even when they are not in accor-
dance with the requirements of every day clinical practice.
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It is obvious that the new antidepressants have a lower risk of inducing rapid
cycling and are safer in case of overdose, but it does not mean that they have high
tolerability, especially if the tolerability is supported by the scores of inadequate
rating scales. In fact, in everyday clinical practice, it is common to hear complaints
after the very first oral administration of an SSRI. SSRIs are not lacking in subjec-
tive side effects, especially in those with a diagnosis of anxiety or mood disorders
who have a low tolerance to any unpleasant effect induced by the therapy.

For this reason, even if it is speculated that Phase 4 studies could help solve the
dilemma as they consider a naturalistic environment representing the real,
everyday psychiatric practice, they also present with certain disadvantages. They
require the enrolment of a large number of subjects to evaluate efficacyand/or toler-
ability, which involves important logistic and economic matters (Hollister et al.,
1994;Thase,1999); and they are not controlled; the prescription is based on subjec-
tive grounds and this may seriously bias the findings (Thase,1999).

Therefore, it is the authors’opinion that the treatment of a patient still depends
significantly on his relationshipwith the psychiatrist.The capacity of the clinician to
communicate with the patient, to be understood, to mitigate his fears, doubts and
complaints are basic to making a treatment effective. Besides guidelines and strong
standardization in psychiatry, the prescription still continues to be an ‘art’ linked to
science.
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_______________________ 17
Mood and Anxiety Disorders ^

a Diagnostic Pleonasm?

HermanM. van Praag
Academic Hospital, University ofMaastricht,Maastricht,The Netherlands

THE BONDTHAT TURNEDOUT TO BE INEXTRICABLE

The border between depression and anxiety is befogged, if discernible at all. The
two groups of psychic dysfunctions constitute a true Gordian knot.That is true on
two levels: the level of disorders and that of symptoms (Table 17.1). In other words:
anxiety and mood disorders often co-exist (Table 17.2), while anxiety disorders are
often accompanied by depressive symptoms and, vice versa, mood disorders
frequently by anxiety symptoms (DiNardo and Barlow,1990).

Moreover, one distinguishes presently the so-called subthreshold anxiety dis-
orders and subthreshold mood disorders, being anxiety and mood states that do
not fulfil the DSM criteria for a true disorder but yet cause substantial discomfort.
Those subthreshold conditions also occur frequently together (Judd et al., 1997).
Finally, in an attempt to resolve the diagnostic problems posed by the overlap of
mood and anxiety disorders, the constructs of atypical depression and mixed
anxiety^depression disorder were introduced, hybrid constructs composed of
elements known from the anxiety and affective disorders (West and Dally, 1959;
Zinbarg et al., 1994). Diagnostically, all this makes for a pretty messy situation.

Howcome?What couldbe the reason for this curious overlap? It is not known for
sure, but I will discuss four possible explanations.

(1) Anxiety and mood disorders are independent categories, each with their
own symptomatology and pathophysiology, that happen to occur often
simultaneously.

(2) Mood and anxiety disorders share a common pathophysiology.
(3) Anxiety disorders (or disturbances in anxiety regulation) may trigger

depression (or disturbances in mood regulation) or vice versa.
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(4) The nosological disease model is invalid and thus it is futile to try to separate a
variety of discrete anxiety and mood disorders.

THE POSSIBLE REASONSWHY

Mere Coincidence

For a number of reasons coincidental intertwining of mood and anxiety disorders is
not a likely explanation (Table17.3).

First, affective and anxiety disorders tend to respond to the same treatments.
Antidepressants are effective in mood disorders and in most anxiety disorders,
whereas certain anxiolytics are effective in depression as well (Henn et al., 2001).
Mood and anxiety disorders have, in the second place, several biological features
in common, for instance disturbances in 5-hydroxytryptamine (5-HT; serotonin)-
mediated systems, particularly those served by 5-HT1A and 5-HT2C receptors;
corticotropin-releasing hormone (CRH) overdrive and disinhibition of the
noradrenergic (NA-ergic) system (Nemeroff, 1996; Anand and Charney, 1997;Van
Praag et al., 2004).
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TABLE17.1 Comorbidity of anxiety and depression exist on various levels

. Mood and anxiety disorders often occur together

. Anxiety symptoms often accompany amood disorder

. Depressive symptoms often accompany an anxiety disorder

. Subthreshold mood and anxiety disorders often go hand-in-hand

. Mixed anxiety^depression disorder

TABLE 17.2 Comorbidity mood and anxiety disorders,
both lifetime and cross-sectionally (From Wittchen et al.
(2001). John Wiley & Sons Limited. Reproduced with
permission)

. Community samples

. Primary care samples }approximately 33%

. Clinical samples approximately 65%

TABLE17.3 Comorbidity anxiety/depression

Hypothesis 1: Independent categories that often occur together

. Respond to the same drugs

. Share biological disturbances Makes this

. Share many symptoms assumption

. Early adversities increase vulnerability for mood and anxiety disorders } unlikely

. High parental rates of anxiety/depression comorbidity



Third, both groups of disorders share many symptoms. Generalized anxiety
disorder, for instance, overlaps to a substantial degree with dysthymia (Table 17.4),
and co-occurs very often together with major depression. In a majority of patients
with anaffective or ananxietydisordermoodandanxiety symptoms are thoroughly
mixed and shade off one into the other.

A fourth argument against coincidence is that early developmental adversity,
such as sexual and/or physical abuse and emotional deprivation, increases the risk
of both anxiety and mood disorders later in life (Wittchen et al., 2001) (Table17.5).

A final argument against coincidence is the observation that parents of patients
suffering from a combination of mood and anxiety disorders also show high rates of
the two types of disorder combined (Wittchen et al., 2001).
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TABLE 17.4 Symptomatological overlap between dysthymia and generalized anxiety
disorder (GAD)

Dysthymia GAD

Depressed mood Excessive anxiety or worry
(in adolescents: irritability) (56 months)
(52 years)

2/6 of the following symptoms: 3/6 of the following symptoms:

Poor appetite or overeating Restlessness
Insomnia or hypersomnia Fatigue
Fatigue Poor concentration
Low self-esteem Irritability
Poor concentration Muscle tension
Hopelessness Sleep disturbances

TABLE 17.5 Prevalence and risk factors of anxiety and mood disorders (in %). (From
Wittchen et al. (2001). & JohnWiley & Sons Limited. Reproduced with permission)

Anxiety disorder Mood disorder Both

Prevalence 18.9 7.1 7.4

Parental history of:
any anxiety disorder 32.1 27.8 34.2
any mood disorder 43.2 54.0 62.5
mood+anxiety disorder 17.7 19.4 25.6

Early development risks
parental separation 22.5 18.2 23.4
traumatic events 22.8 28.4 38.6



Anxiety Disorders MayTrigger Mood Disorders
(orViceVersa)

Anxiety serving as a pacemaker of depression seems to be an arguable possibility, at
least in a subgroup of depression (Table 17.6).Whether the reverse is also true is not
known.

Recently we postulated a new diagnostic construct named: anxiety/aggression-
driven depression (Van Praag, 1992b, 1994, 1996, 2001). It refers to a subtype of
depression inwhich the core disturbance lies not in mood regulationbut in anxiety-
and aggression-regulation; mood lowering is hypothesized to be a subsidiary.
Paradoxically thus, this depression type is considered not to be a (primary) mood
disorder. Briefly summarized, this hypothesis isbasedonthe followingobservations.

. In a subgroup of depression the first symptoms to appear are anxiety and signs of
disturbed aggression regulation, manifesting itself in such symptoms as irrit-
ability, short-temperedness, anger outbursts with no or little provocation, and
the like.Mood lowering comes later, if it appears at all. In some episodes psycho-
pathology remains restricted to symptoms of anxiety andhostility towards others
(Table 17.7). Anxiety and aggression apparently, may serve as pacemakers for
depression, but act not necessarily as such (Van Praag, 1996). Anxiety and
aggression, moreover, do not occur independentlybut appear tobe psychopatho-
logical features firmly linked.Theyoccur highly intercorrelated across diagnoses
(Apter et al., 1990).

. In depressed patients in whom increased anxiety and aggression are precursor
symptoms and possibly pacemaker symptoms, anxiety and aggression are the
first symptoms to respond to successful antidepressant treatment. Mood eleva-
tion follows after some delay (Katz et al., 1987;Van Praag,1996) (Table17.8).
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TABLE17.6 Comorbidity anxiety/depression

Hypothesis 2: Anxiety (disorder) triggersmood disturbances/depression or vice versa

Plausible possibility
Exemplified by the novel diagnostic construct: anxiety/aggression-driven depression

TABLE 17.7 Psychopathological evidence supporting the construct of anxiety/aggression-
driven depression

. Precursor symptoms: anxiety and increased outward-directed aggression

. Some episodes are characterized by anxiety and increased aggression, only

. Anxiety and aggression are highly intercorrelated, across diagnoses



. Finally some biological data seem to validate the proposed diagnostic construct.
In a subgroup of depression 5-HT-ergic disturbances have been established, i.e.
diminished 5-HTmetabolism and signs of diminished 5-HTreceptor function in
which the 5-HT1A receptor is involved (Sargent et al., 2000) (Table 17.9).These
disturbances are not specific for (a particular subtype of ) depression but have
also been found in some patients with other diagnoses such as schizophrenia
and certain anxiety states.This was explained by the observation that the perti-
nent 5-HTdisturbances are correlated not with a particular, discrete categorical
diagnosis but with disturbances in the regulation of anxiety and aggression, both
inward- and outward-directed aggression ^ irrespective of the diagnostic cate-
gory inwhich these phenomena occurred (Van Praag et al.,1987; Coccaro,1992).

Moreover it was ascertained that both the metabolic and the receptor distur-
bances of the 5-HTsystem are trait-related (Van Praag et al.,1987; Golden et al.,
2002). This gave rise to the hypothesis that they might be vulnerability factors,
increasing the riskof disturbances in anxiety- andaggression-regulation in times
of mounting stress (Van Praag and De Haan,1980).

5-HTdisturbances were shown to accumulate in anxiety/aggression-driven
depression, i.e. depression in which anxiety and aggression are hypothesized to
lie at the root of the depressive syndrome.

All in all, anxiety/aggression-driven depression, though still a hypothetical
construct, demonstrates that anxiety (and aggression) may, in some cases, indeed
trigger a mood disorder.

Anxiety and Depression Share a Common Pathophysiology

It is conceivable that the pathophysiological variables underlying anxiety and
depression partly overlap or that pathophysiological disturbances underlying one
state trigger pathophysiological changes generating the other (Table 17.10). In that
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TABLE 17.8 Psychopharmacological evidence supporting the construct of anxiety/
aggression-driven depression

. Anxiety and aggression are the first symptoms to respond to antidepressant treatment

TABLE 17.9 Biological evidence supporting the construct of anxiety/aggression-driven
depression

. 5-HT disturbances are observed in a subgroup of depression

. Both 5-HTmetabolism and 5-HTreceptors (amongst others the 5-HT1a receptor) are involved

. 5-HT1a receptor system involved in both anxiety- and agression-regulation

. 5-HTdisturbances accumulate in depression heralded by anxiety and aggression



case one would expect it to be next to impossible to unravel signs of disturbed
anxiety regulation and those of disturbed mood regulation.

The 5-HT (Table17.11) and CRH systems (Table17.12) provide possible examples
of pathophysiological blending.

5-HTas a CommonDenominator

As was discussed in the previous subsection, 5-HT disturbances do occur in a
subgroup of depression ^ both metabolic disturbances and disturbances in receptor
function. Challenge tests with 5-HT1A receptor agonists (Klaassen et al., 2002) and
direct receptor measurements with PET technology (Sargent et al., 2000) point
towards hypofunction of the 5-HT1A receptor system.Whether other 5-HTrecep-
tors are likewise deranged is unknown.The fact that several types of antidepressants
increase the responsitivity of the postsynaptic 5-HT1A receptors (Blier and De
Montigny, 1994) supports the hypothesis that lowered 5-HT1A receptor reactivity
is associated with certain types of depression.

It has been demonstrated in animal experiments that the 5-HT1A and 5-HT2C
receptor are reciprocically related, in that down-regulation of the 5-HT1A receptor
leads to up-regulation of the 5HT2C receptor (Takao et al., 1997). The 5-HT2C
receptor is involved in anxiety regulation. Its activationwith the relatively selective
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TABLE17.10 Comorbidity anxiety/depression

Hypothesis 3: Anxiety and depression share common pathophysiology

For two systems data are available:
. 5-HTsystem
. CRH system

TABLE17.11 Anxiety/depression comorbidity: 5-HTsystem as a common denominator

. In a subgroup of depression 5-HTreceptor hyposensitivity

. 5-HT1a receptor system involved in down-regulation)mood disturbances

. Secondarily up-regulation 5-HT2c system) anxiety

TABLE17.12 Anxiety/depression comorbidity: CRH system as a common denominator

. In subtype of depression CRHoverdrive

. CRHoverdrive in PVN) hyperactivity of HPA axis

. CRHoverdrive in regions beyond PVN) behavioural symptoms:
� anxiety
� depression-like



5-HT2C receptor agonist m-chlorophenylpiperazine (mCPP), for instance, leads to
increased anxiety, in particular in sensitive individuals such as those suffering from
panic disorder (Kahn et al., 1988). 5-HT1A down-regulation, followed by 5-HT2C
up-regulation would thus induce a mixture of symptoms known from the anxiety
and mood disorders.

CRHas a CommonDenominator

Dysregulation of the CRH systemwould likewise be amechanism leading to a clew
of anxiety and depressive symptoms.

In a subgroup of depression CRH is overproduced as is apparent from increased
CRHconcentrations in thebrain and in cerebrospinal fluid, increased plasma levels
of ACTH and cortisol and decreased suppression of plasma cortisol by dexametha-
sone (Nemeroff, 1996).

Froma functional point of view the CRH system comprises two components. One
innervating the paraventricular nucleus (PVN) and responsible for activation of
the hypothalamic^pituitary^adrenal (HPA) axis and as such for the autonomic
and endocrine responses to stress.

The second group of CRH neurons is located extrahypothalamically, in the
hippocampus and some other locations and is held responsible for the behavioural
responses to stress. If CRH is administered directly into the brain the animal
develops two symptom clusters, a group considered to represent anxiety, such as
increased sensitivity to the anxiogenic nature of novel environments, and a group
that might be analogous to human depression, with phenomena like decreased food
intake, reduced sexual behaviour, sleep disturbances and psychomotor agitation.

CRH overdrive, as has been observed in subtypes of depression, as well as in
certain anxiety disorders, then, would produce a cluster of anxiety and depressive
symptoms invariable combinations, dependent on the vulnerability/plasticity of the
CRH systems.

Non Applicability of the Nosological Disease Model

The Nosological DiseaseModel

The nosological disease model has dominated psychiatry ever since Kraepelin used
it to systematize mental disorders (Table 17.13). The model considers mental dis-
orders as discrete entities, separable one from the other, and each characterized by
a particular symptomatology, course, outcome and response to treatment. In prin-
ciple such an entity is thought to be ‘carried’ by a particular pathophysiology ^ in
principle, because as yet we know little about the neurobiological determinants of
mental disorders. It is this latter supposition that has driven biological psychiatric
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research over the past 40 years, searching as it had been for the neurobiological
roots of categorical entities like schizophrenia, major depression and panic disorder.

The nosological disease model has been accepted in psychiatry almost axiomati-
cally, though it is of questionable validity (Van Praag, 1992a, 1997, 2000). Take, as
one example out of many, the construct of major depression. It predicts little as to
symptomatology, course, outcome and response to biological and psychological
treatment. Biological variables, such as disturbances in the 5-HT and/or CRH
system, may or may not be demonstrable. Specific drug treatment is lacking: anti-
depressants are helpful in depressionbut in amultitude of non-depressed conditions
as well, and other psychotropic drugs, such as particular benzodiazepines may be
useful in combating depression. Finally biological research has failed to find
biological markers indicative of this condition. One has to wear blinkers to call a
disorder of that nature a discrete entity.

The Reaction-formDiseaseModel

An alternative disease model exists, though it has been reviled in psychiatry, and
rejected without having been seriously studied (Table 17.14). It is the reaction-form
model (Van Praag,1992a). It conceives mental disorders not as discrete entities with
more or less fixed boundaries, but as conglomerates of psychic dysfunctions that
vary in composition both inter-individually and over time intra-individually.

Consequently, the term depression, is not used as a collective term for a series of
discrete mood disorders but rather as an indication for a group of psychiatric
conditions characterized primarily by disturbances in mood-, anxiety- and
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TABLE17.13 Comorbidity anxiety/depression

Hypothesis 4:The nosological disease model is flawed. Consequently it is futile to
distinguish discrete anxiety andmood disorders

Alternative disease model: reaction-formmodel

TABLE17.14 Nosological and reaction-form disease model of mental disorders

Nosological model Reaction-formmodel

Fixed boundaries Variable, foggy boundaries
Particular symptomatology Clusters of psychic dysfunctions of varying composition
Particular and predictable
course and outcome

Course and outcome variable and unpredictable

Quite stable intra- and inter-
individually

Variable inter-individually and over time intra-individually



aggression-regulation of varying intensity. The same is thought to be true for the
group of anxiety disorders.The reason for this fluidity is thought tobe the following.
Mental disorders are conceived as responses to noxious stimuli, biological or
psychological in nature, originating in the outside world or fromwithin, genetically
determined or acquired.Theyhave in commonthat the individual cannot copewith
them, neither biologically nor psychologically.

Stimuli of this naturewill disrupt a number of neuronal circuits in thebrain either
via a direct action or via the evoked stress response.The degree of disruption in the
various circuits differs individually, the reasonbeing variability in plasticity. Due to
pre-existing imperfections, certain circuits may function marginally, just
undisturbed under normal conditions, but failing under taxing circumstances.
Hence the psychiatric conditions associated with those disruptions will be lacking
in symptomatological consistency. Mood lowering, for instance, will be mixed with
varying amounts of anger, irritability, anxiety, cognitive disturbances and a variety
of somatic disturbances.

Anxiety and Depression in the Light of the Reaction-formModel

With the reaction-formmodel as a starting point it would be futile to try to separate
mood disorders from anxiety disorders and to divide each grouping into discrete
‘packages’. Instead the proper approach would be to chart carefully in each indivi-
dual patient the mood- and anxiety-related symptoms and to study the psychic
dysfunctions underlying these psychopathological symptoms. Only in that way one
would gain a proper insight into the structure of the psychopathological condition.

A categorical diagnosis of a given patient would therefore not be the endpoint of
the diagnostic process, as it is today, but just the beginning: a first diagnostic step to
be followedby a refined analysis of the syndromal and symptomatological composi-
tion of the disorder and,most importantly, byananalysis of the psychic dysfunctions
underlying the psychopathological symptoms.

Within the context of this disease model it would be inappropriate to speak of
high comorbidity of mood and anxiety disorders.The appropriate phrasing would
be: disturbances in mood- and anxiety-regulation often go hand in hand, resulting
in mixtures of depressive and anxiety symptoms, the composition of which is highly
varied and variable and to be assessed dimensionally and individually. Biological
research would not be directed towards the biological roots of a particular mood or
anxiety disorder, but at elucidation of the biological determinates of disturbed
regulation of mood and anxiety.

CONCLUSIONS

Depression and anxiety, taken as discrete disorders or as symptoms, are tightly
intertwined. It seems improbable that this is a matter of coincidence. Much more
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likely are the following two propositions. First, anxiety may trigger depression or
vice versa. The first pathway has been shown to be a likely one. In a subgroup of
depression, anxiety (together with dysregulation aggression) seems to be a pace-
maker for depression, leading to what has been named: anxiety/aggression-driven
depression.

The second conceivable possibility is that anxiety and depression share a
common pathophysiology.The 5-HTand the CRH system are likely candidates for
such a commonality.

As a final explanation it was proposed that the nosological disease model is not
applicable in the realm of affective disorders, that it is futile to try to single out
discrete mood and anxiety disorders ^ that, in other words, disturbances in mood-
and anxiety-regulation present themselves clinically in highly variable and varying
clusters of anxiety- and mood-related symptoms. Diagnosing them should be
individualized and dimensional. In that case the reaction-form model would
be more appropriate than the nosological disease model to characterize the
conglomerate of mood and anxiety disorders.

Whichever explanation is the proper one, the knot of mood and anxiety disorders
seems to be truly Gordian in nature.

SUMMARY

Depression and anxiety are tightly intertwined, both on a categorical and on a
symptomatological level. Four possible explanations are discussed: coincidence,
considered to be unlikely; anxiety precipitating depression or vice versa, a plausible
explanation in certain cases; anxiety anddepression sharing certain pathophysiolo-
gical mechanisms, no more than a possibility yet, but several neuronal systems can
be put forward as possible candidates.

Finally it is possible that the nosological disease model is not valid in this realm
and that proper diagnosing of mood and anxiety disorders requires application of
the reaction-form disease model.
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At the Interface of Depression and

Anxiety: Comorbidity and Concepts

Thea Overbeek and EricJ. L. Griez
University ofMaastricht,Maastricht,The Netherlands

INTRODUCTION

The debate on comorbidity between anxiety and depression leans heavily on
current nosography.The vast majority, if not all studies describe the co-occurrence
of different disorders along the lines of the two main classificatory systems, the
successive versions of the Diagnostic and Statistical Manual of Mental Disorders (DSM,
American Psychiatric Association), and the International Classification of Diseases and

Related Health Problems (ICD,World Health Organization).
As they are defined in the DSM and ICD, depressive and anxiety disorders

obviously share a number of clinical features, as well as, most probably, the
explanatory pathways to these features. However, for all the accumulated
knowledge on the epidemiology and neurobiology of affective disorders, the issue
of splitting or lumping together remains largely unresolved. The co-occurrence of
anxiety and depressive disorders has led to hypotheses about a common aetiology,
and several models have been suggested to explain associations between anxiety
and depression (Frances et al., 1992). Roughly summarized, these models represent
either a unitarian view (lumping the disorders together into one ‘affective’
spectrum) or a separatist view (splitting the spectrum), with various variants in
between (Nemeroff, 2002). Another possibility that deserves attention is the
‘artifactual’ argument, which states that the problem of comorbidity is inherent to
our imperfect current classification systems, which are based on rather arbitrarily
defined criteria and thresholds, using strange combinations of various symptoms
and featuring a considerable amount of definitional overlap. In consideration
hereof, it may be improper to speak of ‘comorbidity’ in its true sense, the diagnostic
framework itself having a deficient validity. Obviously, the way we conceive of
psychiatric illnesses, and the constructs we use to describe and classify them,
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determine the way we explain associations between them. Some of these problems
and the nosological challenge they create, are elaborated upon byVan Praag (this
volume).

The present chapter represents quite a different approach of the relationship
between depressive and anxiety disorders. It departs from the traditional appraisal
of comorbidity in the current psychiatric literature and leaves largely aside the
debate about whether or not DSM/ICD diagnoses are valid. A brief look at the
assessment methods, and a review of the disparate results they have yielded so far
in the studyof co-existingdepressionandanxiety has ledus to reflect onthe concepts
themselves, and the logical relationships that may follow from their meaning.
Accordingly, we first discuss a range of clinical scales relevant to our subject: they
illustrate the various ways in which depression and anxiety have been conceived
of before the introduction of current classifications. Sadly, as a rule, the use of
standardized depression and anxiety scales has been limited to assess progress in
treatment studies. Despite their potential usefulness in collecting information on
features of emotions like anxiety/fear and depression/sadness, they remain under-
exploited to this effect.To our knowledge, no major comorbidity study has yet been
conducted using classical depression and anxiety scales as a main assessment tool.
Thus, while emphasizing the potential interest of assessing depression and anxiety
at a very symptomatic level, we are left with comorbidity data from traditional
epidemiology. As a result the next part of this chapter summarizes a number of
major epidemiological surveys, taking for granted the DSM/ICD framework.
After all, for communicative purposes we need a descriptive instrument to provide
an overview of the evidence.The last part goes beyond the empirics and attempts to
reflect on the link between anxiety and depression from a different perspective,
conducting a concise inquiry into the concepts of emotions, sadness and anxiety in
particular.

CLINICAL CONCEPTS OF DEPRESSIONANDANXIETY

The way we assess and classify a condition reflects the way we conceive of it.
Many quantitative instruments have been developed to assess depression and

anxiety, and they cover a broad range of symptoms. It has been assumed that they
do not represent diagnostic instruments, but add a quantifiable description of illness
severity and profile of symptoms to an existing diagnosis. Because scales themselves
cannot do anything but assessing (the severity of ) symptoms, they can be consid-
ered as a more sensitive tool to evaluate the details of a clinical condition than the
diagnostic interviews, which are aimed by definition at solving a dichotomy (diag-
nosis versus no diagnosis) onbasis of some ^ rather arbitrarily ^ predefined criteria.
Despite the claim that classification systems are atheoretical, they cannot be such,
simply because behind each description some form of a priori framework is present.
Paying attention to rating scales represents a plea for a return to the basics of
descriptive psychopathology. Such a return could make sense in further studies on
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the meaning of such basic concepts as depression and anxiety. It is unfortunate that
clinical scales have hardly been used in large population surveys. Although they
serve no classificatory purpose, their analysis might add worthwhile information
on the relative weight of individual symptoms in different conditions of depression
and anxiety, on their co-occurrence and on the total profile of symptoms in distinct
disorders.

It is not our intention to enter into a detailed methodological discussion on rating
scales, or to discuss or comment on all individual scales. It will suffice to mention
some representatives of the depression and anxiety scales, and to discuss some
general aspects relevant to the subject.

The Assessment of Depression

Amongst themost widely used instruments for assessing depressive states at a symp-
tomatic level are the Hamilton Rating Scale for Depression (HRSD, also
abbreviated as HAM-D, Hamilton, 1960, 1967); the Beck Depression Inventory
(BDI, Beck et al., 1961); the Montgomery^—sberg Depression Rating Scale
(MADRS, Montgomery and —sberg, 1979) and the Zung Self-rating Depression
Scale (SDS, Zung, 1965).With many other scales, they differ in various aspects as
number of items, nature of items covered, and time needed for completion. Of
course, there are also differencesbetween them invalidity, reliability and sensitivity.
Scales are usually divided into two main categories, the self-rating (‘subjective’)
scales and the clinician-rated (‘objective’) scales, each category having its own
advantages and disadvantages. Faravelli et al. (1986) compared a number of
depression rating scales, and showed that one difference between self-rating and
observer-rated scales was that the self-rating scales showed more rightward
asymmetry (higher severity) and observer-rated depression scales tended towards
a leftward asymmetry (lesser severity). Moreover, the internal structure of the
depression scales, as tested by means of factor analysis, showed considerable differ-
ences. Also, the reciprocal correlations between the rating scales are reasonably
homogeneous, but not particularly high. In the various scales only a subset of items
is dedicated to the core symptoms of depression, the other items being apparently
dedicated to a variety of accessory symptoms concerning somatic issues, anxiety, or
sleep.

In amore recent study Faravelli et al. (1996) analysed the merits of clinical scales
in measuring the severity of depression. They showed that it is not so much the
number of symptoms that determines the severity, but rather the presence of certain
symptoms, especially those in the melancholic cluster. Different symptoms had
different weights in establishing the gradient of severity. In passing, we note that
Faravelli and co-workers’observations may be of relevance to our subject. If severity
of depression is reflected more in the presence of some core (especially melancholic)
symptoms, than in the number of symptoms present, we might infer that at some
point there is a change in the quality of the affective state when severity increases.
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However, which symptoms exactly are concerned, and at which degree of severity is
difficult to determine. Scales greatly differ in the number of items devoted to
particular core symptoms. Future studies addressing this issue should therefore
take into account that information should only be inferred from the appraisal of
individual items on these scales.The issue remains largely under-explored.

Another problemworth noting is that, particularly for a descriptive purpose, the
total score on a scale does not give any indication as towhat specific kind of items or
clusters of items are important for an individual case. It should be kept in mind that
when abroad range of symptoms is coveredby a scale (Snaith,1993), many patterns
of response may lead to the same score.

The Assessment of Anxiety

Anxiety scales share the same pitfalls as depression scales, as emphasized in
Keedwell and Snaith’s review (1996). Even more than is the case with depression,
the construct of ‘anxiety’ is far from unitary, with its repercussion on the validity of
the concept as designating a single or complex affective state. Also, the term anxiety
covers a different range of phenomena that is bound to language and culture.
Constructs such as depression and anxiety refer to states that may fluctuate over
time, displaying broad variations in severity from day to day, even within hours.

The Hamilton Anxiety Scale (HAS, also abbreviated as HAM-A, Hamilton,
1959), the State^Trait Anxiety Scale (STAI, Spielberger et al., 1977), and the
Clinical Anxiety Scale (CAS, Snaith et al., 1982) are some of the frequently used
scales that measure nonspecific anxiety.

Large differences have been shown in the emphasis on the various symptom-
categories that items can be divided into, like features of anxious mood, anxious
cognition, anxiety-bound behaviour (avoidance), over-arousal, somatic signs, and
others (Himmelhoch et al., 2001).

It is worth noting that there aremanymore scales for anxiety than for depression.
Traditional psychiatric nosography clearly distinguishes different types of anxiety
disorders. Accordingly, besides ‘general’ scales covering anxiety as one single
concept, other scales are specifically directed at the assessment of particular types
of anxiety such as panic/agoraphobia (e.g. the Panic and Agoraphobia Scale, PAS,
Bandelow, 1995), social anxiety (Liebowitz’s social anxiety scale, Liebowitz, 1987)
and obsessive-compulsive anxiety (e.g. Maudsley Obsessional Compulsive
Inventory, MOCI, Hodgson and Rachman, 1977). This again underscores the
complex reality that underlies the term anxiety.

Differentiating Depression and Anxiety

Special mention should be made of the Hospital Anxiety and Depression Scale
(Zigmond and Snaith, 1983, HADS).This instrument has been constructed for use
in general (somatic) hospital settings.The authors took special care to diminish the
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interference of physical symptoms, which was an important objection against the
HRSD. Additionally, they tried to disentangle the constructs of depression and
anxiety. Another focus was upon anhedonia, which was considered to be the most
reliable clinical marker of likely response to antidepressant drugs. The HADS has
been widely used in clinical settings in various countries, is quite easy to complete
(containing 14 items) and well accepted by patients. It has been shown to have
acceptable validity and reliability (Herrmann,1997).

It is remarkable that most scales, that are meant to assess either depressive or
anxiety states, contain items obviously related to symptoms of both anxiety and
depression. As a consequence, it is risky to differentiate states of anxiety anddepres-
sion by comparing total scores, even though the scales are supposed to be specific.
Bramley et al. (1988) correlated several self-rating scales for either depression or
anxiety with two criterion observer-rated scales (the CAS for anxiety and the
MADRS-Modified ^ this is the MADRS without the items on inner tension and
reduced sleep ^ for depression). Their results showed that self-rating scales for
depression could discriminate between depressive and anxiety states, but anxiety
scales did not.This conclusion also applied to the criterion scales of anxiety (CAS)
and depression (MADRS-Modified). An earlier comparative study by Snaith and
Taylor (1985) had reached the same conclusion.

Aprovisory comment on the issue of clinical rating scales is that caution shouldbe
exercisedwhen using them in differentiating depression from anxiety onbasis of the
global quantification they yield as an end score. On the other hand, scales offer an
interesting approach of clinical psychopathology, which, if used in conjunctionwith
current classification systems, may add useful information at a descriptive level and
challenge some taken-for-granted aspects of our present views.

Classification of Depression and Anxiety

The history of anxiety and depression throughout the development of the DSM and
ICD systems is complicated. For an extensive historical overview of the relationship
between anxiety disorders and mood disorders we refer to Himmelhoch et al. (2001),
and Glas (2003). In DSM-Iand DSM-II (APA,1952,1968) clear distinctions between
anxiety and depression were not yet made (Levine et al., 2001). The disorders were
more drawn apart from DSM-III (APA, 1980) onwards, especially where DSM-III
was designed to be an atheoretical, symptom-oriented classification. It stated explicit
criteria for inclusion and exclusion, and set thresholds for the various disorders. Diag-
nosing any anxiety disorder in the presence of a comorbid mood disorder was not
allowed,major depression always took precedence.This position is actually very inter-
esting from the conceptual point of view, as it attributes a more central role to the
emotion of depression than anxiety.Wewill revisit this point in the final section of our
chapter. Many authors challenged the validity of the hierarchical and exclusionary
relationship between anxiety and mood disorders, and in the later DSM-III-R (APA,
1987) and DSM-IV (APA, 1994) this restriction on axis I was lifted, tolerating diag-
nosing separate co-existing disorders on axis I. From then on, many epidemiological
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studies showed the frequent comorbidity of separately predefined disorders.The clin-
ical reality that did not tally with the categorical views onmentalpathology was again
‘explained’ (Van Praag,1996).

Clinical interviews have been developed within the framework of these systems,
to reach diagnoses on basis of predefined criteria. Frequently used standardized
instruments are for example the Structured Clinical Interview for DSM-disorders
(SCID; Spitzer et al.,1992); the Diagnostic Interview Schedule (DIS; Robins et al.,
1981); the Composite International Diagnostic Interview (CIDI; Robins et al.,
1988) and the Schedules for Clinical Assessment in Neuropsychiatry (SCAN;
Wing et al., 1990). The Mini International Neuropsychiatric Interview (MINI,
Sheehan et al., 1998) is a more recently developed tool for both DSM and ICD
diagnoses, and is relatively easy to administer as it takes about 15 minutes to
complete. The MINI is increasingly accepted and used for the assessment of
psychiatric disorders or screening purposes in epidemiological studies. All have
been described in detail elsewhere (Burke et al., 1990; Arbabzadeh-Bouchez and
Lepine, 2003). These (semi-)structured interviews often are used in addition to an
unstructured interview, to assure that a broad spectrum of disorders has been
covered. Not only do the above instruments vary in diagnostic coverage and
classification framework they depart from, the timeframe considered also differs.

The above summary of the tools at our disposal, whether they are rating scales or
sophisticated standardized interviews, illustrates the arbitrary way we currently
conceive of depression and anxiety.The collection of the empirical data that appear
below is inevitably endowed with the deficient validity of the existing frameworks.
Therefore they should be cautiously interpreted with the exact amount of critical
judgement they are calling for.

AT THE INTERFACE: PREVALENCE
OF COMORBID CONDITIONS

Prevalence figures of comorbidity vary, partly due to a lack of clear conceptualiza-
tion and definition of the term comorbidity (Wittchen, 1996). Also methodological
differences regarding assessment instruments, time frame covered (lifetime or
concurrent, past month, 6 or 12 months), case definition (diagnostic criteria or
subthreshold conditions included), use of expert or lay interviewers contribute to
uncertainty and confusion (Wittchen et al., 2001). Different types of anxiety
disorder show different comorbidity figures with depression, and different types of
mood disorders show different comorbidity figures with the separate anxiety
disorders. Comorbidity-prevalence rates from population-based, primary care or
clinical samples also differ according to the setting that the figures are derived from.

Population Surveys

The two largest epidemiological surveys are fromtheUSA, andare frequently cited.
The Epidemiologic Catchment Area (ECA) study was performed among 20 291
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subjects from five sites within theUS, aged18 years andup (Regier et al.,1990).The
ECA used the DIS for DSM-III diagnoses, and worked with lay interviewers. The
National Comorbidity Survey (NCS)was developedas the continuationof the ECA
and especially addressed the comorbidity of psychiatric disorders. This survey
comprised 8098 subjects from age 15 to 54 years (Kessler et al., 1994). The NCS
used an adapted version of the CIDI for screening, and lay interviewers. It also
used a more intensive memory enhancement strategy, and found a considerably
higher rate of lifetime disorders. The NCS unfortunately did not include diagnosis
of OCD. A rough overview of estimated comorbidity figures is given inTable18.1.

Data from the ECA study on anxiety disorders and comorbidity with mood (and
addictive) disorders are reported by Regier et al. (1998). Lifetime prevalence of
(any) anxiety disorder was 14.6% and prevalence of mood disorders was 8.3% of
respondents. A comorbid anxiety disorder was present in 47.2% of people with life-
time depression. NCS datawere reportedbyKessler et al. (1994,1996), and revealed
on the individual diagnostic categories that 24.9% of respondents had one or more
anxiety disorder lifetime, a lifetime (any) mood disorder was prevalent in 19.3%,
and major depression (MDD) in 14.9% of the population. One-year prevalence
rate for anxiety disorder was 17% and for depression 10%. Comorbidity figures
from the NCS report that 51.2% of subjects with MDD had an anxiety disorder in
the same 12-month period. Of the subjects with lifetime depression, 58% had any
anxiety disorder lifetime, and 74% had at least one comorbid ‘any’ psychiatric
disorder. The prevalence of MDD figures from the ECA are lower than the NCS
figures; according to Kessler this is due to sampling and ascertainment problems
in ECAthat led to underestimation of prevalence.Whereasmostly anxiety disorders
are shown to be the primary disorder and the MDD secondary, it is an important
result from the analysis of the NCS data that this specific association also gives rise
to amore persistent course of the depression, andmore interferencewith activities of
daily life, suicide and hospitalization for depression (Kessler et al., 1996). An over-
view by Kaufman and Charney (2000) showed that about 30^40% of anxiety
disorder patients (OCD not included) had a comorbidMDD, with different figures
for the individual disorders. Panic disorder and generalized anxiety disorder have a
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TABLE 18.1. Estimates of lifetime comorbidity between anxiety disorders and MDD.
Adapted fromKaufman and Charney (2000) and Levine et al. (2001)

Diagnosis
Anxiety disorder

comorbid with MDD
MDD comorbid with

anxiety disorder

Panic disorder 40^60% 10^30%
Social phobia 20^35% 30%
Generalized anxiety disorder 60% 20%
Post-traumatic stress disorder 30^40% 20%
Obsessive-compulsive disorder 30^60%
Any anxiety disorder 40% 60%



comorbidity rate of about 65%, post-traumatic stress disorder 40%, and social
phobia about 20%. With MDD as the index disorder, a mean comorbidity rate
with anxiety disorders is 20%, the highest figure for social phobia 27%, the lowest
for panic disorder 10%. Most frequently the anxiety disorder (social phobia, GAD
and PTSD) precedes the MDD; PD equally frequently precedes, follows, or starts
simultaneously with theMDD episode.

Levine et al. (2001) summarized that the whole group of anxiety disorders
(including OCD) show comorbid lifetime major depression in about 40%. The
individual anxiety disorders show some variation around this figure. GAD is in
about 60% of cases seen with comorbid lifetime depression, PD in 40% to 50%,
30% of the OCD patients have a lifetime comorbid major depression, PTSD
patients are in 30^40% of cases seen with depression, and 35% of social phobia
also suffer from amajor lifetime depression.

Starting from the other side, of the patients with major depression, on a lifetime
basis about 60% suffer from any additional anxiety disorder. 20% of these have a
GAD, 30% PD, 30% social phobia.

ForGADextraordinarily high comorbidity figures havebeen reported (Wittchen
et al., 1994). Up to 90% of GAD patients have a lifetime comorbid psychiatric
disorder, mainly mood disorders like MDD, 60%, and dysthymia, 40%.

Another review by Merikangas et al. (1996) computed data from a set of
epidemiological population-based surveys, and concluded that there was a strong
and consistent association between the mood disorders and anxiety disorders (and
substance abuse); magnitude of comorbidity between mood disorders and anxiety
disorders was greater than comorbidity between the affective disorders and
substance abuse.

Epidemiological data on a newly proposed DSM-IV diagnosis of mixed anxiety
depression (MAD), a syndrome combining features of both anxiety and depression
(subthreshold conditions) where neither would qualify as a predominant, stand-
alone diagnosis (Zinbarg et al., 1994; Rapaport, 2001; Barlow and Campbell,
2000), interestingly showed an unexpectedly low prevalence rate of about 1%
(Wittchen et al., 2001).

Primary Care Studies

A large-scale study by the World Health Organization has investigated the
prevalence of mental disorders in primary health care, a total of 25 916 subjects
were screened across 15 different countries (Sartorius et al., 1996;Wittchen et al.,
1999; Lecrubier and Ustun, 1998). In the second-stage assessment of 5438 subjects
the CIDI was applied. From this study it was shown that 62% of all depressive cases
also suffer from another mental health problem, most commonly anxiety disorders.
Of the patients with anxiety disorders, 45% had a comorbid depression; of patients
with a depression about 40% had an anxiety disorder as well. It was shown that an
advantage of comorbidity was that the likelihood of recognition of mental disorders
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increased, andalso the likelihoodof receiving treatmentwas highly increasedby the
presence of comorbid disorders.

Clinical Comorbidity

Many clinical studies have reported on comorbidity between anxiety and mood
disorders (Breier et al., 1984; Starcevic et al., 1992; Ball et al., 1995; Davies et al.,
1995). Due to space limitations, we focus on some recently published studies.

Diagnostic comorbidity rates varybetween clinical studiesbecause theyare influ-
enced by several methodological factors, amongst others the number and nature of
disorders assessed, themethod of assessment (semi-structured interview versus clin-
ical evaluation), and time period covered (current versus lifetime).

In a clinical population (Zimmerman et al., 2002) with major depressive
disorder (N¼ 479), 64.1% of patients also met criteria for at least one comorbid
axis I disorder, and 36.7% of depressed patients had two or more comorbid
disorders.The most frequent comorbid diagnoses belonged to the group of anxiety
disorders (56.8%), with social phobia being the most frequent individual disorder.
This study also showed that 14% of patients had a current (any) comorbid disorder
that was in partial remission. Also, not-otherwise-specified (NOS) categories were
rather frequent: 14.6% had any NOS anxiety disorder, especially subthreshold
PTSD and subthreshold PD.

Another clinical study from Finland, theVantaa Depression Study, investigated
269 patientswithMDD (Melartin et al., 2002). Fromthis sample,73%were female,
83% were outpatients. This study covered all DSM-IVaxis I and axis II disorders
when looking for comorbidity, and used the semi-structured SCAN. Most of the
patients (79%) had at least one current comorbid diagnosis, and 52% even had
two or more comorbid diagnoses. Anxiety disorders were present in 57%; 25% of
patients had alcohol abuse or dependence; and 44%hadapersonality disorder.The
last figure, oncomorbidpersonalitydisorder, however, couldbe distortedby the fact
that the SCID II was done while the patients were depressed. Nonetheless, the
conclusion must be that comorbidity among psychiatric patients with MDD is very
common, and often multiple.

Finally, let us mention that these recent results are in linewith earlier reports that
found high comorbidity rates among MDD patients, like Sanderson et al. (1990)
who reported 60% of comorbid axis Idisorders, most commonly anxiety disorders.
The review byWetzler and Sanderson (1995) reports that a range of 7^61% (mean
24%) of PD patients have a current comorbid depressive disorder; lifetime depres-
sion is reported in about 65% of PD patients. Of patients with primary depressive
disorder, about14% (range 9^69%) have a comorbid panic disorder; for this group
no lifetime datawere available.

The above prevalence figures apply to the various anxiety disorders and
(unipolar) major depression. Several studies have suggested that comorbidity rates
for the affective disorder subgroups differ. As was concluded in a reviewby Freeman
et al. (2002), epidemiological studies as well as clinical studies have found a high
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co-occurrence of anxiety disorders with bipolar disorder. OCD has been suggested
to show a high comorbidity rate with bipolar disorder (Chen and Dilsaver, 1995a),
but results from different studies are not unequivocal (Kruger et al.,1995; Perugi et
al., 1997). For the specific relationship of bipolar disorder and panic disorder, there
seems to be more evidence, from an epidemiological study (Chen and Dilsaver,
(1995b) and from several genetic studies (MacKinnon et al., 2002; Rotondo et al.,
2002). Likewise, social phobia and PTSD have been associated with bipolar
disorder (Freeman et al., 2002).

REFRAMING CONCEPTS

Thebulk of the above surveys notwithstanding, ICDand DSM frameworks offer no
explanation for the link they suggest between anxiety and mood disorders. This is
something of a surprise. Both systems largely rely on a surface descriptive approach
of clinical constructs, and a good proportion of these constructs suffer from a
suspicious validity. A closer analysis of our basic concepts can make sense here.The
definition of concepts determines the logical relationshipsbetween them. Clarifying
the concepts of depression and anxiety may illuminate their interface.

The remainder of the present chapter is an attempt to payattention to these issues.
Which emotions, which behaviours, which functions of an organism do the
constructs of depression and anxiety exactly refer to? Pathology will be subsumed
and clinical categories somewhat de-emphasized. We will consider disturbed
emotions, endorsing affectivity as the key feature of anxiety and depressive
disorders.We will address the nature of emotions, focusing on sadness and fear.We
assume that there is a close conceptual relationship between sadness and fear and
that the logical link between depression and anxiety can be inferred from this
proximity. We expect the following considerations to help shed light on the
aggregation of anxiety and depression in the lifespan of some individuals.

ON THE NATUREOF EMOTIONS

The Force to Exist

In the Ethics (1677), a masterpiece of deductive inference, the Dutch philosopher
Benedict de Spinoza, questions the nature of human affectivity. Apparently, Spinoza
observes, everything in nature tends to persevere into existence. Inanimate objects
simply persist. Living organisms survive: they grow, develop and reproduce. Life
appears to be endowedwith an appetite for life.

In their striving to be, organisms are driven towards everything that fosters their
development, and they refrain from anything that thwarts their force to be.This we
observe in unicellularbeings approaching the nutriments they need to stay alive and
consistently fleeing a drop of acid which threatens their existence. At the other end
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of complexity, humans’ struggle for life is more sophisticated.The Ethics (III, prop.
9) posits that in humans, striving for life is conscious and appetite becomes desire.
Beside food, water and warmth, humans tend to pursue such other goods as
knowledge, wealth, honours and social recognition, to name a few. In contrast,
they seek to avoid such things as illness, poverty and humiliation. They feel the
former category to boost their quality of life, in other words their power to be, and
the latter to endanger it. Accordingly, items belonging to the former category are
called ‘goods’, while things in the second category are labelled ‘evils’or ‘adversity’.

Consciousness of the Ability to Be

Thus, in humans, appetite for life is a conscious desire which rests both in the body
and in themind. As a consequence, for each change in an individuals’capacity to be
there is a concomitant change in his mind. These transitions we call emotions
(Ethics, III, prop. 11). Therefore, emotions are the consciousness of the organisms’
own capacity of existence.

This may be either a pleasant or a painful consciousness*, depending onwhether
the ‘power to be’ is going stronger or weaker. Each change in the organism that
strengthens life is sensed as pleasure, and each change that weakens life, as pain.
Pleasure is excellence of the mind to the same extent as fitness is excellence of the
body. Pain in contrast, is a shrinking of the mind.

It follows that, basically, there are only two emotions, pain andpleasure. Sadness
is the prototype of pain and joy the prototype of pleasure. However, humans do
experience a great diversity of emotions because they tend to associate pain and
pleasure with different ideas in various contexts.{

Thus emotions essentially are the conscious side of the organism’s fitness for
survival. Spinoza’s fascinating suggestion is consonant with current evolutionary
views in affective neuroscience (McGuire et al., 1992; Nesse, 1990, 1999; Damasio,
1995). Emotions are believed to have emerged from ancient brain processes that we,
humans have inherited from ancestral species. The function of these homologous
brain systems is to energize organisms, helping themto copewith their environment
and to maximize their chances of survival. Panksepp (1998) posits that emotional
systems ‘generate an animal’s egocentric sense of well-being with regard to the most
important natural dimensions of life’. Throughout the ages, the primal issues of
maintaining one’s physical integrity, finding goods and protecting them, breeding,
rearing and securing social support for oneself and the young progressively gener-
ated specific coordinated responses. In higher vertebrates, mammals in particular,
these capacities turned out to encompass powerful internal feelings sensed as
emotions. Panksepp argues that there is reasonable experimental evidence to iden-
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* Psychologists nowadays refer to the positive or negative valence of emotions.
{ ‘Love is nothing else but pleasure accompaniedby the idea of an external cause; hatred is nothing else

but pain accompaniedby the idea of an external cause.We further see that hewho loves necessarily endea-
vours to have and keep present to him the object of his love, while he who hates endeavours to remote and
destroy the object of his hatred’ (Ethics, III, prop13).



tify a number of such‘basic emotional systems’ in the brain. Panksepp’s SEEKING,
FEAR and PANIC/LOSS systems are of particular interest for the sake of our
enquiry (seeTable18.2). Let us quote Panksepp describing the SEEKING system.

This emotional system is a coherently operating neuronal network that promotes
a certain class of survival abilities.This systemmakes animals intensely interested
in exploring their world and leads themtobecome excitedwhen theyare about to
getwhat theydesire. Iteventuallyallowsanimals to findandeagerlyanticipatethe
things they need for survival, including, of course, food, water, warmth and their
ultimate evolutionary survival need, sex [. . .] it helps fill the mind with interest
and motivates organisms to move their bodies effortlessly in search of the things
they need, crave, and desire. In humans, this may be one of the main brain
systems that generate and sustain curiosity, even for intellectual pursuits.

Arguably, there is a conceptual analogy between seeking, sensu Panksepp, and
striving to be, sensu Spinoza. But what further about pain, pleasure, and, for the
sake of our inquiry, sadness and joy?

SADNESS

Sadness is the painful awareness of a decay in the capacity to keep oneself into exis-
tence.Therefore sadness is the consciousness of a loss relative to aprevious state.The
essence of sadness is the collapse from a higher to a lesser degree of fitness.

There is no emotion in having aparticular degree of fitness.Theway Iam is not a
matter of pain or pleasure. The way I am makes me neither happy nor miserable.
Pain and pleasure only proceed from a difference in the way I am, compared to the
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TABLE 18.2 Three main emotional systems corresponding to three major evolutionary
challenges as suggested by Panksepp (1998)

Seeking system Fear system Panic ^ loss system

Evolutionary
challenge

Finding resources
(e.g. food, water,
sex)

Avoiding harm
and destruction

Maintaining social bonds
and cohesion

Emotive state
Positive valence
(fitness)

Desire, strive (absence of fear) Attachment, love, trust

Negative valence
(unfitness)

(absence of desire) Fear, anxiety Separation, distress, grief,
sorrow

Putative brain
structures
involved

Mesolimbic and
mesocortical
dopaminergic
pathways

Central and lateral,
amygdala, anterior
and medial
hypothalamus,
periventricular
grey

Midbrain periaqueductal
grey, ventral septum,
dorsomedial thalamus,
stria terminalis,
cingulate gyrusa

a Structures implicated in the distress vocalizations



way I was. Emotions are driven by desire, and desire constantly compares. Thus,
pleasure and pain are not linked to a specific level of abilities: they are a function
of passing to a higher or a lesser degree in the power of existence. Transitions, and
transitions only trigger emotions.*

This explains why emotions are similar in all individuals, regardless of their level
of success in coping, survival and self-fulfilment. Pain affects the successful, and the
poor feel pleasure. This explains the sad person feeling deprived with no apparent
appreciation of the success and thewealth that he or shemay still have.The intimate
relationship between the concepts of sadness and loss, has been commandingly
conceptualized in Bowlby’s attachment theory (1980), and to a lesser extend in
Seligman’s notion of learned helplessness (1975).

Bowlby’s separation^loss theory points to the role of the primalbondbetween the
mother and her offspring, and emphasizes the dramatic consequences of its dis-
ruption on the survival abilities of the infant. Abandonment of the vulnerable
infant through loss of maternal care bears a relationship to prototypal sadness.
One of themost fascinating experimental findings in this regard is the phenomenon
of the so-called distress vocalizations (DVs). Animals, rat pups or young chickens
separated from their mother and left alone in a strange place, start emitting very
specific, usually ultrasonic vocalizations, seemingly to solicit the parent’s attention.
Following separation, the response often isbiphasic, with an early phase attendedby
many vocalizations, intense motor activity and an active search for the caregiver;
this is followed by a phase of despair-like behaviour, with progressive extinction of
the DVs, prostration and immobility. In linewith Bowlby, Panksepp (1998) refers to
a single PANIC/LOSS/SORROW system. Laboratory studies have shown
structures of this system to control DVs. Apparently, emotions linked to the
PANIC/LOSS system provide safeguards for infant^mother attachment and social
bonding. It is noteworthy that the PANIC/LOSS system reaches its highest
development in the mammals, which are social beings par excellence; separation
and abandonment have dramatic, life-threatening consequence for newborn
mammals (Panksepp, 1998). Seligman (1975) developed the concept of learned
helplessness, which he related to depressive behaviours. In Seligman’s experimental
paradigm, animals, most often dogs, were submitted to a series of electric shocks
they could neither avoid nor escape. When later presented with similar aversive
stimuli, most animals helplessly underwent the events despite having regained the
opportunity to escape, in an apparently passive attitude towards forthcoming
adversity. Seligman’s experiments canbe reinterpreted as instances of loss of ability
in mastering one’s environment. Seligman’s dogs had lost the ability to exercise
control over environmental parameters that profoundly affected them. Such a loss
represents a definite shrinking of the organisms’ability to live and survive.
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* ‘For if manwere bornwith the perfection to which he passes, he would possess the same, without the
emotion of pleasure’ (Ethics, III, Definition of the Emotions, iii, note).



FEAR

Fear is Pain in the Future

Throughout the Middle Ages scholars used to represent the principal emotions
in a 262 table (Table 18.3), which scheme actually relied on the doctrine of the
ancient Stoics. Humans’ appraisal basically distinguishes between good and bad
events. Pleasure is the present experience of good things, pain the experience of
evils. Regarding the future, humans tend to desire things they believe to be
good, and to fear those they believe to be bad. Thus fear is the emotion with a
negative valence, pertaining to the future. Fear obviously belongs to the negative
emotions, related to evils and associated with pain. Contemporary evolutionary
views emphasize this negative valence of fear as a functionality that helps in
keeping the organism away from adversity. Indeed, avoidance is constitutive of
fear. It is worth noting that avoidance as a coping strategy dictated by fear
makes sense as long as no irremediable damage has occurred to the organism.
Once damage has occurred, it is too late to avoid: there is loss, and actual loss
is sadness. Thus fear refers to unaccomplished pain, in other words, pain in the
future.

Fear is diverse and the evils a particular organism seeks to avoid are numerous.
Accordingly, naming fears has been a much appreciated pastime of earlier psycho-
pathologists (Campbell, 1981). Yet a closer look at the content of highly prevalent
fears is more interesting. Phobias typically represent fears of concrete, circum-
scribed external objects. Evolutionary views on phobias hold that phobic fears are
related to innate mechanisms shaped by nature as safeguard for life in a hostile
environment (Ohman and Mineka, 2001; Poulton and Menzies, 2002). Animals
have been prepared via natural selection to avoid things that may more or less
endanger their survival. Against the background of human psychopathology,
Nesse (1990) lists a number of subtypes of anxiety, each of which he tentatively
relates to a particular kind of primal danger (Table18.4)

All fears have pain in common, and pain is the subjective side of a loss in the
power to be. Therefore, experiencing pain is facing a loss in one’s capacity of
survival. For a living being, the ultimate loss is death. Thus, the ultimate fear is a
fear of dying, and Epicurus rightly pointed to the fear of death as the core of all
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TABLE18.3 Basic emotions according to the Stoics

In the present In the future

Good Pleasure Desire
Evil Sadness Fear



human misery (Diogenes Laertius (1999), book IX).* Thus all instances of fear are
instances where possibly the organism’s very existence is endangered. The case is
clear for the prey^predator paradigm, as it is for specific phobias such as fear of
heights, enclosed spaces, fire, natural disasters such as thunder and storms, sharp
objects and animals. In all these situations, the animals’ existence is at risk, either
acutely (prey^predator) or remotely. Social fears represent a distinct category: they
typically apply to higher vertebrates, mammals in particular.Mammals need social
support to survive, should it only be for the immaturity of their young. For social
animals, including humans, the loss of social integrity may be of vital importance;
it is loss of life. This explains social fears in the perspective of an ultimate fear of
death.{

In sum, there is nothing else in fearbut pain, painbeing conceivedof as a deficit in
the ability to survive.

Fear is Uncertain andTherefore Inconstant

In the Ethics, Spinoza conceptualizes fear as being an inconstant pain. This pain
arises from the image of something concerning which we are in doubt. More
precisely, the emotion of fear, he further writes, arises from the idea of something
past or future, whereof we to a certain extent doubt the issue. Fear pertains to the
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* However, Epicurus further reasoned that we should not fear death because in fact we never have
knowledge of death: as long as we are, death is not, and once death is, we are not any more. In this he
may have missed that the painful essence of fear lies in waiting now for the future evil, not the evil itself.
Even though the object of the fear never materializes, fear hurts.

{ From a conceptual point of view, one may argue that social fears occupy a specific place amongst
fears. They are more recent in the history of evolution and, compared to archaic safeguards such as
other phobias, they may be a more pertinent feature for well organized animals, such as humans. To a
social beings such as mammals are, the threat of storm or of a small animal may have become less salient
than the threat of separation and abandonment.To this extent social fears may have evolved very close to
the image of acute loss, death, sadness and depression.

TABLE18.4 Putative primal dangers related to different types of anxiety according to Nesse
(after Nesse,1990)

Anxiety Primal danger

Panic Present vital threat (e.g. attack by predator)
Agoraphobia Highly unsafe environment (attack likely)
Social anxiety Rejection from group membership
Separation anxiety Social loss and disruption of protective bond
Blood injury phobia Blood loss
Hoarding compulsions Lack of food and other goods
Washing compulsion Infection
Animal phobias (Vital) threat by dangerous animals



future, possibly to the past.* Insofar as the object of fear is in the future, to some
extent the causality of fear is in the future. Now, the future is not certain.Therefore,
uncertainty is constitutive of fear.

Uncertainty relates to unpredictability.{ There has been quite a lot of experi-
mental work on the link between unpredictability and anxiety (Mineka and
Kihlstrom, 1978). Typically, an environment that goes unpredictable becomes
anxiogenic. In an unpredictable environment cues are not reliable. A typical
example in a learning paradigm of classical conditioning occurs when, given the
occurrence of the UCS (the signalling event), the probability of occurrence of the
CS (the signalled event), equates or approaches the probability of non-occurrence of
the CS. In such an environment, the danger of losing control is great. And losing
control of its environment entails a loss in the organism’s ability to face the challenge
of survival.

The view of fear as uncertainty may provide a first hint to illuminate its relation-
ship to sadness. Fear is a foretokened loss of control over one’s environment. Such a
loss of control affects the organism’s power to be.Thus fear is a threat of sadness.

Fear is not only uncertain. Fear is also inconstant. Fear is variable and changing
over time.Why should we logically expect fear to be an inconstant emotion? The
argument may run as follows. The future exists in the subject’s mind as an image
only. The same applies to the past. Past and future are kept in existence through
images in the mind (Damasio, 1994). However, while facts are irrevocable, images
are prone to change.When the subject has in mind an image of doom and loss, he
feels pained and tends to substitute that image by a different one.The mind endea-
vours to repel images of doom and replace them by images of happiness. The
individual naturally seeks a glimpse of success rather than failure, a glimpse of joy
rather than pain.{Thus there is an inherent instability of fear.The inconstant pain
of fear always mixes to some extent with the inconstant pleasure of hope. There is
neither fear without hope, nor hope without fear, Spinoza insists.

The view of fear as inconstant emotion may provide us with a second hint
concerning the relationship between fear and sadness.Take uncertainty away, and
hope becomes pleasure. Take uncertainty away, and fear becomes despair (Ethics,
III, prop.17).Wemight expect fear tobecome sadnesswhen images of doomovertake
images of hope in themind,making fear less inconstant. Fear closes down to sadness
as a function of its constancy, in other words to the degree it is turning chronic.
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* Fear related to a past event is typically obsessive fear.The obsessive subject has doubts about past as
much as about future events.To this extent, obsessions are merely a particular case of anxiety. However,
we will not further discuss the concept of obsessions in the present demonstration.

{ Not each instance of uncertainty canbe explainedby unpredictability. Unpredictability may explain
uncertainty only as far as future events are concerned. Unpredictability does not encompass uncertainty
pertaining to past events.

{ ‘he who fears, in other words doubts, concerning the issue of something which he hates also conceives
somethingwhich excludes the existence of the thing inquestion: to this extent he feels pleasure, andconse-
quently to this extent he hopes that it will turn out as he desires’ (Ethics III, Definitions of the Emotions,
xiii).



FROM FEARTO SADNESS

When Uncertain SadnessTurns Certain

At first, the mind of the fearful oscillates, expecting the worst but wishing the best.
The subject with fear anticipates doom, but endeavours to keep in account that the
threat may not materialize.

Then comes exhaustion, and images of doom start dragging on in the mind. Ups
and downs in the subject’s mood flatten, giving way to generalized negative expec-
tations in face of adversity.* The fluctuating fear eventually freezes into a static state
with a steady negative valence.The fleeting glimpses of disaster, originallymixedup
with hope, merge into the protracted contemplation of a looming pain. Loss is now
taken for granted. The Ethics emphasizes that if the elements of uncertainty are
removed, fear turns into despair (Ethics, III, proposition 18). Despair encompasses
the certainty of damage.

Painful Expectations, Lasting Injuries that Hurt, and a Place
for Panic

In the flow of time, the mind continuously anticipates the future, considers the
present and remembers the past. This incessant sequence is the measure of the
subject’s expectations.The time passing by is the ultimate evidence.

Fear looks forward to an uncertain harm. Sadness reflects on lost excellence.
There is an evident temporal relationship between fear and sadness. The object of
fear is the future; the object of sadness is the past. Fear and sadness are lasting
emotions, extending of their essence beyond the time present. Fear waits for the
future to materialize; sadness preserves the memory of the past.

In contrast panic is the immediate emotion linked to the assault of unfolding
adversity. Panic is the internal experience of the acute threat to the organism’s
survival, when its very existence is at stake. It ensues that conceptually, not only
are fear and sadness different, but between them there is a logically designated
place for the distinct state of panic. This all is consonant with the view that puta-
tively ‘anxiety prepares the system for an anticipated trauma whereas panic deals
with one that is already in progress’ (Bouton et al., 2001).

Fear as Unfulfilled Sadness

The argument developed in the previous paragraphs suggests a number of ideas
about the definition of emotions, and, regarding our original concerns, about the
nature of sadness and fear. Emotions in general have been related to the drive of life
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and the striving for survival. They should be regarded as the ‘contentment’, or the
absence thereof, of the organism sensing an increase or a decrease in its chances of
coping with life.This satisfaction must be conceived of as an evolutionary concept,
having grown from the reflex-like approach and avoidance reactions in single-cell
organisms, to conscious desire andcomplex, cognitively loadedemotions in humans.
At least inhighermammals, fearand sadness are essentially thepainfulperceptionof
a threat to, or an actual loss in, the ‘power to be’. Fear, leaning forward to the uncer-
tain future, is intermittent sadnessbeingmixedupwith the hope of escapingdanger.
Sometimes the fearful subject forebodes a loss; sometimes hehopes for thebest.Thus,
fear is incipient sadness, which reaches completion when time consumes the antici-
pated loss. It ensues that there is continuity between fear and sadness in the flow of
time. In order tobecome sadness, fear requires that time passes.

The process unfolds in the direction of the arrowof time, and this tells us that fear
will eventually become sadness, but that sadness is not likely to change into fear.

Anxiety as Incomplete Depression?

Several arguments arguably illustrate the idea that anxiety is a putative state of
unfulfilled depression.

Whenassessedonthe independent dimensions of positive andnegative affectivity,
patients with anxiety states present increased ratings on both negative and positive
affectivity. In contrast, subjects with depression yield high scores on negative affec-
tivity only, having seemingly lost any significant profile of positive affectivity.This
shows anxiety and depression to share a common profile, depression representing
one furtherdegreeyet inpsychologicalpathology (Tellegen,1985;ClarkandWatson,
1991).Van Praag discusses as plausible the possibility that anxiety induces depres-
sion, or at least a subtype of depression. He observes that anxiety symptoms, and
anxiety-related irritability often precede the development of depression. He refers
tothis typeofdepressionasbeing‘anxiety/aggression-driven’and links this construct
to serotonergic disturbance (Van Praag, Chapter17 in this volume).

Our analysis presents the passage from anxiety to depression as mediated by a
phase of constant and chronic fear. As we have reported earlier in the present
chapter, GAD, the anxiety disorder which arguably yields the highest degree of
chronicity, strikingly shows one of the highest degrees of depressive comorbidity.
The close proximity between GAD and depression has even led some authors to
speculate ona commondiathesisbetween the two disorders (Kendler,1996;Mineka
et al., 1998).

Addressing the cognitive correlates of anxiety and depression, Alloy and co-
workers (1990) hypothesize that depression, compared to anxiety, is characterized
by a sense of certainty encompassing hopelessness.This idea is perfectly consistent
with our above analysis.Waikar and Craske (1997) investigated 329 patients with
affective pathology and found support forAlloy and co-workers’ suggestion.
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We further infer that time is an essential dimension in the transformation of fear
into sadness.We some years ago examined whether chronicity is a factor towards
depression in a population of panic disorder (PD) patients. The results not only
support the idea, but suggest as well a direct relationship between the severity of
PD and the development of subsequent depression (Griez and Overbeek,1997).

If fear ‘prepares’ for sadness, one should logically expect anxiety with subsequent
(lifetime) depression to be more prevalent than depression alone. This is the case
(Mineka et al., 1998). Pure depression nevertheless occurs independently, for
instance as a result of acute unforeseen loss events, such as sudden grief.

In sum, it appears plausible that fear is a logical itinerary to sadness, and that
there may be a continuumbetween clinical conditions of anxiety and depression.

A Note on the Concepts of Fear and Sadness in an
Evolutionary Perspective

The above account of emotions broadly refers to evolutionary views. There is an
extensive literature on evolutionary biology, while evolutionary views in psychiatry
and clinical psychology are spreading fast.Yet investigators do not all agree in their
interpretations. A number of authors tend to consider emotions in general, regard-
less of their valence, as being in themselves instances of adaptations. Following their
view, anxiety and depression have supposedly been ‘invented’ by nature as adaptive
responses to the challenges of ancient environments (see, for instance, Nesse, 1999;
Troisi and McGuire, 2002). Accordingly, they deploy a lot of heuristic efforts to
explain the potential virtues of painful conditions as depression and other psychia-
tric illnesses (Nesse, 2000). Others have challenged these ‘adaptationist’ positions.
Criticism has been voiced on some methods used in evolutionary psychiatry
(McLoughlin, 2002; Lane and Luchin,1988; Dubrovsky, 2002).

The conceptual analysis in the present chapter is consistent with modern neuro-
science (Panksepp, 1998, Damasio, 1994). However, it should be noted that our
analysis does not present each emotion as being a blessing of nature in itself.
Emotions are the internal sense of well-being that corresponds to the capacity for
life, or the fitness of the organism. For each increase in fitness there is an emotion
with a positive valence, for each decrease, an emotion with a negative valence. Fear
and depression are the emotional side of a loss of power for life. Consequently, they
express a decrease in fitness. From this point of view, the analogy drawn between
anxiety and depression on one hand, cough and fever on the other hand (Nesse,
1999) may be conceptually wrong. Fear and sadness are not the consequence of a
loss of life, let alone an adaptive reaction to it; they are loss of life and express a lack
of fitness. Depressive individuals present hormonal and immunological
disturbances, a sign that theyare at increased vulnerability (vanWest et al., Chapter
8 in this volume). Another striking case is the increased prevalence of affective dis-
orders in physically ill subjects, amongst others, cardiac patients (Griez et al., 2000;
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Fleet et al., 2000; Frasure-Smith et al., 1993); in cardiac patients in particular, the
occurrence of affective pathology has been associated with a poorer vital prognosis.

EPILOGUE

Froma conceptual point of view, there is continuity between fear and sadness but no
overlap.The continuity may be consistent with the idea that anxiety and depressive
disorders belong to a same spectrum. The absence of overlap, however, argues
against the idea of a diagnostic pleonasm (Van Praag, Chapter 17 in this volume).
To the extent that fear is not merely sadness, anxiety is not depression.

Fear is sadness foreseen, moderated by uncertainty. From this point of view, one
might argue that anxiety disorders are conceptually less severe than depression.
Our analysis intends to clarify concepts. It does not come in the place of empirical
research.
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suicide risk 159,170
symptoms 105^106

mood-spectrum approach 131,132^134,
138^139

prodromal 131
residual 132^134

treatment-resistant 374, 382^385
blood flow, cerebral see cerebral blood flow
brain-derived neurotrophic factor (BDNF)

204^205, 444^445
brain imaging see neuroimaging
brain stimulation 403^421

deep brain stimulation 403, 404
ECTsee electroconvulsive therapy
magnetic seizure therapy 403, 414^415
transcranial magnetic stimulation 391, 403,

405^414
vagus nerve stimulation 391^392, 403, 416^421

brief recurrent depression 93, 299
bupropion 315^316, 432

bipolar depression 327, 328, 329
with CBT 325^326
chronic unipolar depression 300
neuroimaging studies 270, 271, 276

buspirone 390, 434

cAMP system 444
carbamazepine 111, 332, 384
catatonic symptoms of depression 83^84
catechol-o-methyl transferase (COMT) gene 51,

58
catecholamines see dopamine; noradrenaline
cerebral blood flow, imaging 203, 232^234

afterVNS 418
obsessive-compulsive disorder 238^239
panic disorder 244, 245, 246
post-traumatic stress disorder 251^253
social anxiety disorder 255^256

cerebral metabolism, imaging 203, 232, 234, 259
depression 269^273
generalized anxiety disorder 257
obsessive-compulsive disorder 238^240
panic disorder 244^246
post-traumatic stress disorder 251^253
social anxiety disorder 255^256
specific phobias 257^258

cerebrospinal fluid (CSF) 193,198, 388

childhood
adversity in early 21

anxiety^depression interface 493
neurobiology of depression 201, 205
post-traumatic stress disorder 250, 251, 252
suicide risk 164^165

subthreshold disorders in 137^138
children

attachment theory 362^363, 515
bipolar disorder 14,108
clinical trials 471, 477
major depression, prevalence 14
onset of disorders 21,108
prevalence of disorders 9, 14
subthreshold disorders 136^137
suicide risk factors 164

cholesterol, IRS and 216^217
chromosome 4 49
chromosome 5 50
chromosome 6 45
chromosome11 45, 49, 50^51
chromosome17 50, 51
chromosome18 45, 48, 49
chromosome 21 48, 49
chromosome X 44^45, 46^47, 50
chronic unipolar depression 300^301
chronobiology see biological rhythms
circadian rhythms 83

genetic mechanisms 58^59
sleep deprivation therapy 454
TMS and 409

citalopram
and cytokines 222
development 433

effectiveness 312
maintenance treatment 321
neuroimaging studies 265, 267
pharmacogenetic studies 56

premenstrual dysphoric disorder 299
side effects 306, 307
sleep research 457

classification of mood disorders
anxiety^depression interface 504^505,

507^508
bipolar 106

and genetic studies 37
historical background 85^86,103^104,

124^125
problems with 92,124^126,127,138^139
spectrum concept 92,126,127^128,138

bipolar^unipolar dichotomy 86, 92,124^126,
138^139
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depression 85^98
anxiety^depression interface 504^505,

507^508
DSM-III 88, 98,118
DSM-III-R 88, 98,118
DSM-IV 88^89, 90^91, 93, 96, 98,118,125,

127
endogenous 87^88
functionalization of diagnoses 96^97
genetic studies 36^37, 38
historical background 85^88,124^125
ICD-10 89^90
neurotic 87
organizational models 97^98
personality 94, 95, 96
problems with 90^94, 98,124^126,127,

138^139, 507^508
psychotic 87
reactive 87^88
Research Diagnostic Criteria 88
spectrum concept 94^95,126,127^128,

138
temperament 95^96
unitary/binary 87^88

and genetic studies 36^38
Clinical Interview Schedule-Revised (CIS-R) 5,

11

clinical interviews see interviews, diagnostic
clinical scales see standardized scales
clinical trials 467^486

biases in 478, 479, 482^484
consent 476
data analysis 481
duration 474, 481^482
ethics 476^479
exclusion criteria 476, 477^478, 479^480
historical background 467^468
inclusion criteria 476, 477, 479^480
limitations 478, 479, 482^484, 485^486
meta-analyses 484
methodology 470^476

assessment 475^476
crossover design 472^473
design 471^474
duration 474
parallel groups 472
samples 470^471, 479^480

outcome measurement 480^481
phases of 469^470
placebos 472, 473, 474, 477^478, 481, 482
publication of results 483^484
translation to practice 485

clomipramine 309, 310
and cytokines 222^223
neuroimaging studies 241, 245
relative efficacy 303, 314, 482^483
side effects 306, 307
sleep research 455, 457

clonidine 197
clozapine

bipolar disorder 111, 385
psychotic depression 297
suicide prevention 170

cognitive function
afterTMS 408
afterVNS 420, 421
anxiety^depression interface 521
in bipolar disorder 105,106
and genetic polymorphisms 55, 58
and IRS activation 219
models of depression 357^360
psychopathology of depression 82^83
SCI-MOODSTM 129,132,137

cognitive-behavioural therapy (CBT) 322^323,
368

with antidepressants 325^326
bipolar disorder 111, 330^331
chronic unipolar depression 300
dysthymia 298
relative efficacy 324, 325, 366
subthreshold disorders 123^124
suicide prevention 171

cognitive therapy 360^362, 366^367, 368
comorbidity

bipolar disorders 12,15^16,107, 512
depression^anxiety interface 491^500,

503^522
depressive disorder 12,16, 17, 21, 23
epidemiologic research 12,15^17, 17, 21, 23,

508^512
genetic factors 21, 37^38
suicide risk and 159
treatment-resistant mood disorders 375^376

Composite International Diagnostic Interview
(CIDI) 5,7, 11, 13, 22, 508

computerized tomography (CT) 231
brain structure 202, 231, 237
see also single photon emission computed

tomography (SPECT)
consciousness, emotions and 513^514
contraceptive drugs 221^222
correlates of mood disorders 18^22
corticotropin (ACTH) 199, 200, 201, 440, 497
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corticotropin-releasing factor1 (CRF1)
antagonists 440^442, 446

corticotropin-releasing hormone (CRH) 200,
201, 492, 497

cortisol 194,195,197,199^202, 206, 218, 386
anxiety^depression interface 497
CRF1antagonists 440

counselling 291, 324
course of mood disorders

bipolar 17,107^109
depression 16^17, 85,123^124
epidemiologic research 16^17,123^124
and genes 55

CREB expression 444^445
crisis intervention services 171
cytokines 212^215, 216, 217, 218^223, 388

death, fear of 516
deaths seemortality rates; suicidal behaviour
decision tree 379, 392
deep brain stimulation (DBS) 403, 404
dehydroepiandrosterone (DHEA) 386, 390
delusions

BPD symptoms 105,106
psychopathology of depression 82, 84

demographic variables
depressive disorder 18^20, 22
suicide risk 153^158

depressive disorder 79^98
aggression-driven 494^495, 520
anxiety^depression interface 491^500,

503^522
assessment 505^506, 508

see also diagnostic assessment
atypical features 83, 84,136^137
biological theories 19

inflammatory hypothesis 211^224, 388
neurobiology see neurobiology of depression

bipolar see bipolar disorder
brain stimulation 403^421
catatonic symptoms 83^84
classification 85^98

anxiety^depression interface 504^505,
507^508

bipolar^unipolar dichotomy 124^126,
138^139

and genetic studies 36^37, 38
spectrum concept 94^95,126,127^128,138

cognitive symptoms 82^83,129,132,137
cognitive theory of 357^360
course of 16^17, 85,123^124
defining depression 79^81

drug treatment see antidepressant treatment
epidemiology

adolescents 14, 38
age of onset 16, 19, 21, 38
children 14
comorbidity 12,15, 17, 21, 23, 508^512
correlates of 18^22
course 16^17,123^124
elderly populations 9,12, 15
gender differences 18^20, 22, 38
genetics 20^21, 38
prevalence rates 8^9, 10^11,12,14, 22, 23, 38,

119^121,125
primary care studies 9, 121^122, 510^511
prior psychiatric symptoms 21
risk factors 18
sociodemographic variables 18^20, 22
subthreshold 6,118^124,137
suggested readings 23

genetic factors
adoption studies 42
anticipation 52
association studies 50, 51
chronobiology 58^59, 409
classification and 36^37, 38
epidemiology issues 20^21, 38
family studies 39^40, 41
mode of inheritance 43
pharmacogenetics 54^55, 56^57, 389
twin studies 41, 42

helplessness models 354^355, 360
hopelessness theory 360, 523
inflammatory hypothesis 211^224, 388
learning theory of 352^355, 360
melancholic symptoms 83, 84, 89, 90
mood-spectrum approach 94^95,126^137,

138^139
neurobiology see neurobiology of depression
neuroimaging 194,198, 260^273
nosological model 497^498, 500, 503^504
onset 16, 19, 21, 38, 85, 320
post-episodic maladjustment 132^134
prodromal symptoms 131
psychoanalytic theory 351^352
psychomotricity 83^84,130,137
psychopathology 81^85, 89, 90
psychosocial interventions 272, 273, 295^296,

300, 322^326, 351^368
psychosocial theories 19^20
psychotic features 82, 83, 84,126, 261
reaction-formmodel 498^499, 500
residual symptoms 123,132^134
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resistant see treatment-resistant mood disorders
SCI-MOODSTM 128^137,139
sleep research 449^463
somatic symptoms/signs see somatic symptoms/

signs
stress

adverse life events 20^21, 22, 155, 163^165,
201, 205

inflammatory hypothesis 219^222, 224
neurotrophic factors 204^205

subthreshold see subthreshold mood disorders
suicide risk 82,159,163
treatment-resistant see treatment-resistant

mood disorders
depressive symptoms in BPD 105^106,131,

132^134,138^139
treatment 326^330, 375, 382^383, 384^385

desipramine 293^294, 309^310, 313
bipolar depression 328
chronic unipolar depression 300
concordance 301^302
dysthymia 381
neuroimaging studies 264, 269
treatment-resistant mood disorders 377, 378,

381
dexamethasone suppression test (DST) 97,

199^200, 201
diagnostic assessment

anxiety^depression interface 504, 505^507,
508, 511

epidemiologic research 5^8, 10^11, 13, 14,
22^23

SCI-MOODSTM 128^137,139
see also standardized scales

Diagnostic Interview Schedule (DIS) 5, 10^11, 13,
510

Diagnostic and StatisticalManual ofMental Diseases

seeDSM
dialectic behavioural therapy (DBT) 171
diathesis^stress models 357^358
diffusion tensor imaging (DTI) 231, 232
divalproate see valproic acid/valproate
divorce, suicide risk 163,164
dopamine 192^193,197^198

neuroimaging 198, 233, 256, 266^268, 409
reuptake inhibitors 432

dopamine-beta-hydroxylase (DBH) 50
dopamine receptor genes 51, 53, 56, 57, 60
dopamine receptors 198, 233, 256, 267, 268
dopamine transporter gene 50, 51, 53
dopamine transporters 256, 267

Dosage Record andTreatment Emergent
Symptom Scale (DOTES) 476

dothiepin 305, 306, 307, 309, 310
double depression 8, 300, 381
drug abuse see substance use disorder
drug treatment

antidepressant see antidepressant treatment
bipolar disorders 110^111, 261, 326^330, 332,

333
bipolar^unipolar dichotomy 125^126
mood-spectrum approach 126^127
neuroimaging studies 268
resistance to 375, 382^385
suicide prevention 170
tolerance 307
triggering mania 312^313, 327, 329, 384

causing depression 376
chronobiology 59
clinical trials 467^486
compliance 301^302, 377
genetics of mood disorders 43^44, 54^55,

56^57, 59, 389
inadequacy 377^381
neuroimaging studies 235^236

bipolar disorders 268
depressive disorder 262^265, 266^267, 269,

272^273
generalized anxiety disorder 257
obsessive-compulsive disorder 240, 241
panic disorder 245
post-traumatic stress disorder 250

off-label use 487
pharmacogenetics 54^55, 56^57, 389
potential targets for 429^446
prescription as art 486
psychosocial interventions compared 366^368
subthreshold disorders 123^124,125^126
suicide prevention 169^170,175
see also treatment-resistant mood disorders

drug use disorder see substance use disorder
DSM 37, 38
DSM-III 88, 98,118, 507
DSM-III-R 88, 98,118, 507
DSM-IV

anxiety^depression interface 503^504,
507^508, 512

bipolar disorder 106
depressive disorder 88^89

atypical symptoms 83, 84
catatonic symptoms 83^84
classification problems 90^91, 93, 98,125,

127, 507^508
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DSM-IV (continued)

depressive disorder (continued)
delusions 82, 84
melancholic symptoms 83, 84, 89, 90
psychotic features 82, 83, 84
subthreshold disorders 118
temperament 96

mood definition 79
Structured Clinical Interview for 5,7, 129

duloxetine 314
dysthymia

classification 89, 90, 96,127
epidemiology

age of onset 16, 19
comorbidity data 12,15, 510
prevalence rates 8^9, 10^11

and generalized anxiety disorder 493

treatment 298, 300, 366
treatment-resistant 374, 381^382

eating disorders
genetic factors 38
treatment-resistant mood disorders 375

economic factors, suicide 156
see also socioeconomic status

education, suicide prevention 168,171^172,175,
176

eicosanoids 217, 218
elderly populations

clinical trials 471, 480
cognitive-behavioural therapy 323
maintenance treatment 320, 321
mood-spectrum approach 136^137
prevalence of mood disorders 9,12, 15
suicidal ideation 153
suicide rates 150^151
suicide risk 158,164,166
tricyclic antidepressants 310, 320

electroconvulsive therapy (ECT) 318^319,
405^406

bipolar disorder 110, 329
chronic unipolar depression 301
andmagnetic seizure therapy 416
melancholic major depression 296, 303, 304,

375
neuroimaging studies 272^273
pharmacogenetic studies 56

psychotic depression 296, 318^319
relative efficacy 303^304, 318
treatment-resistant mood disorders 391,

403^404
electroencephalography (EEG) 231, 260, 450

electromyography (EMG) 450
emotions, nature of 514^524
employment, suicide risk 154,156
endocrine system

HPA axis 199^202, 205, 217^218, 386, 440^
442, 445, 497

IRS activation hypothesis 221^222
noradrenaline function 197
serotonin-mediated responses 194^196
andTMS 411
treatment-resistant mood disorders 386^387

endogenous depression, classification 87^88
energy levels, SCI-MOODSTM 129,130,132,137
environmental factors, suicide 155, 165^167,

168^169,172,176
Epidemiologic Catchment Area (ECA) study 22,

118^119, 508^509
epidemiology

anxiety^depression interface 508^512
of mood disorders 3^24

age of onset 16, 19, 21, 38^39,104
bipolar^unipolar dichotomy 125
comorbidity data 12, 15^16, 21, 23, 508^

512
correlates 18^22
course 16^17,123^124
and genetics 20^21, 38^39
historical development 4^6
methodological issues 4^8,14,18^19,

22^23
prevalence rates 8^12,14, 22^23, 38^39,104,

125
risk factors 18, 23
subthreshold 6,118^124,137
suggested readings 23^24

of suicidal behaviours 147^153
erythrocytes 216
escitalopram 312
ethics, clinical trials 476^479
ethnicity, suicide risk 154,157
eugenic movement 36
evolution, emotions 516, 517, 520, 521^522
existence, force for 512^514, 520

family studies 38, 39^40, 41, 104,162
family therapy 111, 331
fatty acids 216^217, 222
fear 518^524
fenfluramine challenge 246
Florence Psychiatric Interview (FPI) 10, 13
fluorine labelled deoxyglucose (18FDG) 234, 238,

244^245, 253^254
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fluoxetine
atypical depression 312
bipolar depression 329^330
brief recurrent depression 299
with CBT 325^326
as comparison drug 478
concordance 301^302
continuation treatment 319
cytokines and 222
development 433

dosage 378
dysthymia 298
effectiveness 312
maintenance treatment 320^321
neuroimaging studies 241, 265, 267, 272
onset of action 304
pharmacogenetic studies 56, 57
premenstrual dysphoric disorder 299
psychotic depression 297
relative efficacy 303, 312, 313, 314, 315, 316, 484
side effects 305, 306, 307, 309
sleep research 457
and suicidality 309
treatment-resistant mood disorders 378
withdrawal 308^309

fluvoxamine
depressionwith anxiety 299
development 433

maintenance treatment 321
pharmacogenetic studies 56, 57
premenstrual dysphoric disorder 299
side effects 305
sleep research 459

focused family therapy (FFT) 111, 331
Freud, S, theory of depression 351

G protein function 51^52, 56
GABA A receptor gene 50, 57
GABAergic activity 203

neuroimaging 233^234, 246^247, 253, 269
gabapentin 111,125
gender differences

bipolar disorders 18, 38,104
depression 18^20, 22, 38, 221^222
suicidal behaviour

attempted suicide rates 152
methods 152,166
risk factors 153^154,155^156,158,164,166
suicidal ideation 153
suicide rates 148^149, 150,151

gene chips 60
gene therapy 60

generalized anxiety disorder
comorbidity 12,15, 509^510, 520
and dysthymia 493

genetic factors 38
neuroimaging 257
treatment-resistant disorders 375

genetics
of mood disorders 35^61

animal studies 52^53
chronobiology 58^59, 409
classification issues 36^38
clinical implications 59
epidemiology issues 20^21, 38^39
formal genetics 39^44

adoption studies 42,104
family studies 38, 39^40, 41, 104
mode of inheritance 42^44
twin studies 38, 40, 41^42, 41, 104

historical background 35^36
illness time course 55
molecular genetic studies 39^52

anticipation 39, 52
association studies 49^52
classification issues 37^38
gene chips 60
gene therapy 60
linkage studies 44^49, 46^48
phenotype definition 37^38, 44, 53^54
single nucleotide polymorphisms (SNPs)

59^60
neuropsychology features 55, 58
pharmacogenetics 54^55, 56^57, 389
treatment resistance 389

suicide risk 161^162
glucocorticoid (GC) 249, 250, 388

antagonists 297
see also cortisol

glucose metabolism, neuroimaging 238
group therapy 331^333
growth hormone 197,198

hallucinations
BPD symptoms 105,106
psychopathology of depression 83, 84

haloperidol 385
HamiltonDepressionRating Scale (HDRS) 300,

378, 380, 476, 505, 507
helplessness models 354^355, 360, 515
HLA complex 45, 48, 49
HMPAOSPECT 234, 238

panic disorder 245, 246
post-traumatic stress disorder 252

INDEX ______________________________________________________________________________________________ 535



HMPAOSPECT (continued)

social anxiety disorder 255
specific phobias 257^258

hopelessness, suicide risk 161
hopelessness theory 360, 523
Hospital Anxiety and Depression Scale (HADS)

506^507
hospitalization, suicide risk 160,170,173
HPA axis 199^202, 205, 217^218, 386, 440^442,

445, 497
5-HTsee serotonin
5-HTreceptor genes see serotonin receptor genes
5-HTreceptors see serotonin receptors
5-HT1A receptor antagonists 433, 434, 435^436,

438, 446
see also pindolol

5-HT1B receptor antagonists 433, 434, 436^440,
446, 460

see also pindolol
5-HT2 receptor antagonists 435, 457^459

see alsomirtazapine; nefazodone; trazodone
5-HT transporters see serotonin transporters
Hypericum perforatum 316^317, 391
hypnograms 451^452, 453
hypomania, definition 105
hypothalamic^pituitary^adrenal axis seeHPA

axis
hypothyroidism 376, 387

IBZMSPECT 266^267, 268
ICD-10

anxiety^depression interface 503^504, 512
bipolar disorder 106
depression 88, 89^90

illness time course see course of mood disorders
imaging studies, brain see neuroimaging
imipramine 309, 310

atypical depression 297, 311
bipolar depression 328
chronic depression 311
as comparison drug 478, 481, 484
concordance 301^302
and cytokines 222
dosage 377^378
dysthymia 298
effectiveness 294^295, 311
maintenance treatment 319, 320
neuroimaging studies 245
oestrogen as adjunct to 387
onset of action 304
relative efficacy 303, 315, 323, 324, 367, 484
side effects 305, 306, 307

sleep research 455, 457
treatment inadequacy 377^378

immigrants, suicide risk 157^158
immune system

cells of 211^212
cytokines 212^215, 216, 217, 218^223, 388
treatment-resistant mood disorders 388

impulse control disorder 12,15
inflammatory response system (IRS) 211^224

activation in depression
direct indicators 214^215
indirect indicators 215^217
neuroendocrine disorders 217^218

aetiology of depression 218^222
antidepressants and 222^223
treatment-resistant mood disorders 388

inositol polyphosphate-1-phosphatase (INPP1) 57

interferon-g (IFNg) 213, 215, 220^221, 222^223,
388

interleukin1 (IL-1) 213, 215, 216, 217, 219^220, 221,
222

interleukin-1-beta (C-511T) polymorphism 57

interleukin 2 receptor (IL-2R) 214
interleukin 6 (IL-6) 213, 214, 215, 216, 218, 219,

220, 222
interleukin10 (IL-10) 220^221, 222^223, 388
International Classification of Diseases (10th edition)

see ICD-10
interpersonal psychotherapy (IPT) 323^324, 325,

362^365, 368
antidepressant maintenance compared 320,

321^322
with antidepressants 325
bipolar disorder 111
effectiveness 366^367
maintenance interventions 366^367
stages of 363^365
techniques 365
theory behind 362^363

interpersonal and social rhythmtherapy (IPSRT)
111, 331

interviews, diagnostic
anxiety^depression interface 508, 511
epidemiologic research 5^7, 10^11, 13, 14,

22^23
SCI-MOODSTM 128^137,139

intracellular targets, antidepressants 443^445,
446

iomazenil SPECT 246^247, 253, 269
iron, serum levels 216, 218
isocarboxazid 311
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lamotrigine 111, 329, 332, 384^385
learned helplessness 354^355, 360, 515
learning theory of depression 352^355, 360, 515
leucocytes 211^212, 213, 214, 221^222
life, force for 512^514, 520
life events see stressful life events
lifestyles, assessment 135
light therapy 391
linkage studies 44^49, 46^48
linoleic acid 217, 218
linolenic acid 217, 218
lithium treatment 110, 327^328, 332

after electroconvulsive therapy 318
augmentation strategies 390, 434
bipolar^unipolar dichotomy 125
brief recurrent depression 299
genetics of mood disorders 43^44, 54^55, 57
suicide prevention 170
treatment-resistant bipolar disorder 383, 385
and triggering of mania 313, 327^328

LOD-score 44
lofepramine 293^294, 302, 305, 306, 309^311,

313
lymphocytes see B lymphocytes;T lymphocytes

macrophages 212, 213
magnetic resonance imaging (MRI) 230

brain structure 231^232
generalized anxiety disorder 257
obsessive-compulsive disorder 237
panic disorder 242^243
post-traumatic stress disorder 249, 250
social anxiety disorder 254
volume 202, 231^232, 237, 243, 249, 250, 254

diffusion tensor imaging 231, 232
functional (fMRI) 231, 235, 251, 255^256
and Neurocybernetic Prosthesis 420
see alsomagnetic resonance spectroscopy

magnetic resonance spectroscopy (MRS) 231,
235

obsessive-compulsive disorder 237
post-traumatic stress disorder 250
social anxiety disorder 256^257

magnetic seizure therapy (MST) 403, 414^415
magnetic stimulation, transcranial 391, 403,

405^414
magnetoencephalography (MEG) 231, 260
major depression

chronic 300
classification

DSM-IV 89, 90^91, 93,127
and genetic studies 37, 38

problems with 90^91, 93, 98,127
drug treatment 123, 261, 295, 296^322, 367,

377^381
see also treatment-resistant mood disorders

epidemiology
adolescents 14, 38
age of onset 16, 19, 21, 38
children 14
comorbidity data 12, 23, 509^510, 511^512
correlates of 18^22
course 16^17,123^124
elderly populations 9,12
gender differences 18^20, 22, 38
prevalence rates 8^9, 10^11, 12,14, 23, 38,

119^120
risk factors 18
sociodemographic variables 18^20, 22
suggested readings 23

genetic factors
adoption studies 42
anticipation 52
association studies 50, 51
chronobiology 58^59, 411
classification and 37, 38
family studies 40, 40
twin studies 41, 42

inflammatory hypothesis 211^224, 388
with medical illness 163, 221
melancholic 296, 303, 304
neurobiology 191, 205, 217^218, 429^431

see also brain stimulation
neuroimaging 261
psychosocial interventions 367
and recurrent brief depression 93
resistant see treatment-resistant mood disorders
sleep research 449^463
suicide risk 163,169^170

major histocompatibility complex (MHC) 45, 212
mania spectrum 92
manic-depressive illness, historical background

85^86, 92,103^104
see also bipolar disorder

MAOIs seemonoamine oxidase inhibitors
marital status

mood disorder correlates 20
suicide risk 163^164

media coverage, suicide and 166^167,168^169
medical illness

anxiety^depression interface and 522
IRS activation model 221
suicide risk 155, 163
treatment-resistant mood disorders 376
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melancholic major depression 296, 303, 304, 375
melancholic symptoms 83, 84, 89, 90
mental health promotion 168
a-methyl-para-tyrosine (AMPT) 197,198
mianserin 294, 303
mifepristone 297
milnacipran 314, 321, 432, 433
Mini-International Neuropsychiatric Interview

5, 510
mirtazapine 294, 314^315

brief recurrent depression 299
choice of 302
chronic unipolar depression 300
combination strategies 391
maintenance treatment 321
neuroimaging studies 264, 269
onset of action 304, 315
relative efficacy 303, 304, 333
response prediction 318
side effects 305, 306, 314^315, 435
sleep research 455

triggering mania 327, 329
moclobemide 294, 311^312

atypical depression 297, 312
melancholic depression 304
pharmacogenetic studies 56

relative efficacy 303, 304, 311^312
seasonal affective disorder 297
sleep research 455

triggering mania 312
molecular genetic studies 39^52

anticipation 39, 52
association studies 49^52
classification issues 37^38
gene chips 60
gene therapy 60
linkage studies 44^49, 46^48
phenotype definition 37^38, 44, 53^54
single nucleotide polymorphisms 59^60

monoamine hypothesis of depression 429,
431^432

signal transduction pathways 443^445
see also dopamine; noradrenaline; serotonin

monoamine oxidase A (MAOA) genes 50, 53, 56
monoamine oxidase B (MAOB) genes 50
monoamine oxidase inhibitors (MAOIs) 294,

311^312
atypical depression 297, 311, 312, 319, 375
bipolar disorder 110, 327, 328
chronic depression 311
development of SSRIs and 431, 433
effectiveness 294^295

melancholic depression 304
pharmacogenetic studies 56

relative efficacy 302^304, 311^312, 367
seasonal affective disorder 297
sleep research 457

switching strategies 390
tolerance 306
treatment-resistant disorders 377^378, 390
triggering mania 312^313, 327, 329

monocytes 211^212, 213, 214
Montgomery^Asberg Depression Rating Scale

(MADRS) 378, 380, 476, 505, 507
mood, definition 79^80
mood congruency

delusions 82
hallucinations 82

mood-spectrum 92, 94^95,126^137,138^139
mortality rates

bipolar disorder 109
suicide 109,145,146^151, 148^149

motor activity see psychomotricity
muscarinic effects, antidepressants 305, 306

NARIs see noradrenaline reuptake inhibitors
National Comorbidity Survey (NCS) 12,15, 511

clinical significance criteria 22
subthreshold disorders 118,119^120

natural killer (NK) cells 211, 212
nefazodone 294, 315

bipolar depression 329

choice of 302
chronic unipolar depression 300
melancholic major depression 296
neuroimaging studies 268
onset of action 304
with psychosocial interventions 325
side effects 305, 306, 315
sleep research 455, 457, 458, 459^460, 459

neurobiological factors
bipolar disorder 105
suicide 162,194,196

neurobiology of depression 191^206, 429^431
anxiety^depression interface 492, 495, 496^

497
brain structure 192, 202^204
cerebral blood flow 203
cerebral metabolism 203
emotional systems 514
gender differences 19
genetics 55, 58^59, 205, 411
HPA axis 199^202, 205, 217^218, 386, 440^

442, 445, 497
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monoamine hypothesis 429, 431^432, 443^445
see also dopamine; noradrenaline; serotonin

neuroimaging 194,198, 260^273
neurokinin antagonists 442^443, 446
neuropathology 203^204, 205
neurotrophic factors 204^205, 443^445
signal transduction pathways 443^445
stressful live events 201, 205
see also brain stimulation

Neurocybernetic Prosthesis (NCP) 416^417,
419^420

neuroimaging 229^274
affective disorders 260^273
in animals 229^230
anxiety disorders 234, 236^260

commonalities 258^259
generalized anxiety 257
obsessive-compulsive disorder 237^242,

258^259
panic disorders 242^248, 259, 260
phobic disorders 254^258
post-traumatic stress disorder 248^254,

258
social anxiety disorder 254^257, 258, 259

brain structure 202^203, 231^232
generalized anxiety disorder 257
obsessive-compulsive disorder 237
panic disorder 242^243
post-traumatic stress disorder 249^250
social anxiety disorder 254

functional 203, 232^236, 259
afterTMS 409^410
afterVNS 418
bipolar disorder 268, 269
depressive disorder 194,198, 262^268,

269^273, 409^410
dopamine 198, 233, 256, 266^268, 409
generalized anxiety disorder 257
obsessive-compulsive disorder 238^242
panic disorder 242, 244^248
post-traumatic stress disorder 251^254
serotonin 194, 233, 240^242, 246, 247^248,

262^266, 271^272
social anxiety disorder 255^257
specific phobias 257^258

mood induction studies 270^271
tools for 203, 230, 231^236, 260

neurokinin receptors 269
antagonists 442^443, 446

neuropathology 203^204, 205
neuropsychology 55, 58
neurotic depression 87

neurotransmitters
signal transduction pathways 443^445
sleep research 455^456
see also dopamine; GABAergic activity;

noradrenaline; serotonin
neurotrophic factors 204^205, 443^445
neutrophils 211, 212, 213, 214, 222
nitric oxide synthase (NOS) polymorphism 57

noradrenaline 192^193,196^197,198, 206, 429
anxiety^depression interface 492
neuroimaging 245^246, 253^254, 269
sleep research 455, 456

noradrenaline reuptake inhibitors (NARIs) 57,
269, 294, 313, 429, 430, 432

see also bupropion; desipramine; lofepramine;
milnacipran; nortriptyline; reboxetine;
venlafaxine

norepinephrine (NE) see noradrenaline
norepinephrine reuptake inhibitors (NRIs) see

noradrenaline reuptake inhibitors
nortriptyline 269, 293^294, 309^310, 313, 318,

321^322
neuroimaging studies 269
sleep research 457
treatment inadequacy 377

nosological diseasemodel 497^498, 500, 503^504
nuclear brain imaging see positron emission tomo-

graphy (PET); single photon emission
computed tomography (SPECT)

obsessive-compulsive disorder (OCD)
comorbidity data 12,16, 509, 510, 512
deep brain stimulation 406
neuroimaging 237^242, 258^259
treatment-resistant mood disorders 375

oestrogen, treatment-resistant disorders 387
olanzapine

augmentation strategies 390
bipolar disorder 111, 329^330, 332, 385
psychotic depression 297

old populations see elderly populations

panic disorders
comorbidity data 12,16, 509^510, 511, 512
fear and sadness and 519, 521
genetic factors 38
neuroimaging 242^248, 259, 260
suicide risk 159
treatment-resistant mood disorders 375

paroxetine
bipolar depression 328
development 433
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paroxetine (continued)
effectiveness 312
maintenance treatment 321
neuroimaging studies

depressive disorder 264, 267, 272
obsessive-compulsive disorder 241

post-traumatic stress disorder 250
pharmacodynamic effect measurement

460^463
pharmacogenetic studies 56

premenstrual dysphoric disorder 299
relative efficacy 314
response prediction 318
side effects 305, 306, 307
sleep research 457, 458, 459^463
triggering mania 313
withdrawal 308^309

pentagastrin challenge 246
perphenizine 296^297
personality disorders

suicide risk 160,169^170
treatment-resistant mood disorders 375^376

personality factors 94, 95, 96
pharmacogenetics 54^55, 56^57, 389
pharmacokinetics 235^236
pharmacotherapy see drug treatment
phenelzine 311

atypical depression 297, 311, 319
dosage 377^378
effectiveness 294^295, 311
sleep research 455

phobic disorders
comorbidity data 12,15
evolutionary views of 516
genetic factors 38
neuroimaging 254^258
see also social anxiety disorder

phospholipase C-g1 (PLC-g1) 57

phospholipids 216, 217
physical illness seemedical illness
pindolol 436

augmentation strategies 390, 436, 460^463
neuroimaging studies 263^264
onset of action 304
sleep research 460^463

pituitary gland, HPA axis seeHPA axis
placebos, in clinical trials 472, 473, 474, 477^478,

481, 482
political factors, suicide 155^156
polyunsaturated fatty acids (PUFAs) 216, 217, 222
positron emission tomography (PET),

neuroimaging 203, 230, 231, 232, 234

afterTMS 409^410
afterVNS 418
bipolar disorder 268, 269
commonly used tracers 233, 235
depressive disorder 194, 263, 264, 265, 266,

267, 268, 269^273, 409^410
dopamine 266, 267, 268, 409
neurokinin receptors 269
noradrenergic function 253^254
obsessive-compulsive disorder 238, 239^240
panic disorder 242, 244^245, 247^248
pharmacokinetics 235^236
post-traumatic stress disorder 251^254
serotonin 194, 240^242, 247^248, 263, 264, 265
social anxiety disorder 255

post-traumatic stress disorder (PTSD)
comorbidity 509, 510, 511, 512
neuroimaging 248^254, 258

precursors, SCI-MOODSTM 129^130
premenstrual dysphoric disorder 299
Present State Examination (PSE) 5, 10, 13
prevalence rates

in adolescents 9,14
anxiety^depression interface 493, 508^512
attempted suicide 151^152
bipolar disorders 9, 13, 14, 39,104,125
in children 9,14
dysthymia 8^9, 10^11
in elderly populations 9,12, 15
major depression 8^9, 10^11, 12,14, 23, 38,

119^120
subthreshold disorders 119^121
suicidal ideation 153

primary care
anxiety^depression interface 510^511
epidemiology of depression 9,121^122,

510^511
subthreshold disorders 121^122,138
suicide prevention 171^172,175
treatment of depression 294, 295, 296, 299, 310,

366
problem-solving therapy 324
prodromal symptoms, SCI-MOODSTM 131^132
prolactin 194,195
prostaglandins 214
psychoanalytic psychotherapy 331
psychoanalytic theory of depression 351^352
psychoeducation 111, 330
psychomotricity

in bipolar disorder 105
dopamine D2 binding 267
IRS activation and 219
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psychopathology of depression 83^84
SCI-MOODSTM 130,137

psychopathological factors, suicide 155, 158^161,
169^170

psychopharmacogenetics 54^55, 56^57, 389
psychosocial interventions

and antidepressant maintenance 320, 321^322
bipolar disorder 111, 330^333
chronic unipolar depression 300
depressive disorder 272, 273, 295^296, 300,

322^326, 351^368
dysthymia 298, 366
with medication 325^326, 366^367, 368
neuroimaging studies 240, 241, 272, 273
relative efficacy 324, 366^368
subthreshold disorders 123^124
suicide prevention 170^171,173,175
treatment-resistant mood disorders 376

psychosocial theories of depression 19^20
see also socioeconomic status; stressful life

events
psychotic depression

classification 87
treatment 296^297, 318^319

psychotic features
bipolar disorder 105,106
and clinical trials 480
depressive disorder 82, 83, 84,126, 261
mood-spectrum approach 126
see also antipsychotics

public education, suicide prevention 168,176

quetiapine 332, 385

raclopride PET 266, 267
radioligands, neuroimaging 232, 233, 234,

235^236
see also positron emission tomography; single

photon emission computed tomography
(SPECT)

rating scales see standardized scales
reaction-form disease model 498^499, 500
reactive depression 87^88
reboxetine 269, 294, 313

choice of 302
development of 432
side effects 305, 306

recurrent brief depression 93, 299
red blood cells (erythrocytes) 216
reinforcement theory 352^354
religion, suicide risk 158

repetitive transcranial magnetic stimulation
(rTMS) 403, 405^414

Research Diagnostic Criteria (RDC) 88
research trials see clinical trials
residual symptoms 123,132^134
resistant depression see treatment-resistant mood

disorders
risk factors

for mood disorders 18^22, 23
for suicide 153^167

risperidone 332, 385, 390
ritanserin, sleep research 457, 459
rural areas, suicide risk 165

sadness 513, 514^515, 518, 519^522
StJohn’s wort 316^317, 391
Schedule forAffective Disorders and Schizo-

phrenia (SADS) 5, 10, 13
Schedules for Clinical Assessment in Neuropsy-

chiatry (SCAN) 5, 10, 13, 508, 511
schizophrenia, suicide risk 159,160,169^170
school-based suicide prevention 172
seasonal affective disorder (SAD) 297, 391
seasonality of depression 83
selective serotonin reuptake inhibitors (SSRIs)

294, 312^313
atypical depression 297, 312
augmentation strategies 434, 436, 460^463
bipolar depression 327^328, 329^330
brief recurrent depression 299
with CBT 325^326
choice of 302
chronic depression 300
combination strategies 391
as comparison drugs 478
concordance 301^302
continuation treatment 319
cytokines and 222, 223
depressionwith anxiety 299
development of 429, 430, 431^440, 445
dosing 312, 378
dysthymia 298
effectiveness 294^295, 312, 333
increasing suicidality 309
maintenance treatment 320^321
melancholic major depression 296, 303, 304
neuroimaging studies

depressive disorder 262^263, 264, 265, 267,
269, 272, 273

obsessive-compulsive disorder 240, 241
panic disorder 248

and neurokinin antagonists 442^443
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selective serotonin reuptake inhibitors (SSRIs)
(continued)

onset of action 304, 315, 434^435
pharmacodynamic effect measurement

460^463
pharmacogenetic studies 56, 57
premenstrual dysphoric disorder 299
psychotic depression 296, 297
relative efficacy 302^304, 312, 313, 314,

315^317, 333, 367, 482^484
response predictors 317^318
side effects 305, 306^307, 309, 312^313, 430,

435, 476
sleep research 455, 457, 459^463
switching strategies 390
tolerance 306
treatment-resistant mood disorders 377, 378,

380^381, 390, 391
triggering mania 312^313, 327, 329
withdrawal 308^309
see also venlafaxine

semi-structured interviews 5, 6^7, 10, 13, 23
anxiety^depression interface 508, 511
SCI-MOODSTM compared 129

serotonergic antidepressants, improving 429,
432^440, 445

see also selective serotonin reuptake inhibitors
serotonin 192^196, 429

anxiety^depression interface 492,495,496^497
catecholamine depletion 197
cerebrospinal fluid studies 193, 388
cortisol and 194,195, 201^202, 206, 386
cytokine production 223
development of antidepressants 429, 431^440
genetics 50, 51, 57, 389
glial cell density and 204
IRS activation 218
neuroendocrine tests 194^196
neuroimaging studies

mood disorders 194, 233, 262^266, 271^272
obsessive-compulsive disorder 240^242
panic disorder 246, 247^248

neurokinin antagonism 442^443
oestrogen 387
plasma tryptophan 193, 388
post-mortembrain studies 193^194
sleep research 455, 456, 460^463
suicide 162,194
treatment-resistant mood disorders 386, 387,

388^389
tryptophan depletion 196,198, 271^272
tryptophan uptake measurement 265^266

serotonin receptor genes 50, 51, 57, 389
serotonin receptors 194,195^196, 201^202, 204,

223
antagonists

development 433, 434, 435^440, 446
sleep research 457^459, 460, 463
see alsomirtazapine; nefazodone; pindolol;

trazodone
anxiety^depression interface 490,495,496^497
mediation of SSRI effects 435
neuroimaging studies 194, 247^248, 263^265
sleep research 455, 457^459, 460, 463

serotonin transporter gene 55, 56, 57, 60^61, 389
serotonin transporters 194, 240^242, 265
sertraline

and cytokines 222^223
development 433

dysthymia 294
effectiveness 312
maintenance treatment 321
neuroimaging studies 241, 273
premenstrual dysphoric disorder 299
StJohn’s wort compared 316^317
side effects 305, 306, 307
withdrawal 308^309

setoperone 264
sex hormones

IRS activation hypothesis 221^222
treatment-resistant disorders 387

sexual abuse, childhood 164^165
sexual orientation 165
sexuality 83,105^106
signal transduction pathways 443^445
single nucleotide polymorphisms (SNPs) 59^60
single photon emission computed tomography

(SPECT), neuroimaging 203, 231, 232, 234
afterVNS 418
bipolar disorder 268, 269
depressive disorder 194, 264, 265, 266^267,

269^270, 272^273
dopamine 256, 266^267, 268
GABAergic activity 269
generalized anxiety disorder 257
obsessive-compulsive disorder 238, 242
panic disorder 244, 245, 246^247
pharmacokinetics 235^236
post-traumatic stress disorder 252, 253
serotonin 194, 242, 264, 265
social anxiety disorder 255, 256
specific phobias 257^258

sleep deprivation therapy 391, 454
neuroimaging studies 272
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pharmacogenetic studies 56

sleep patterns 449
in bipolar disorder 105,106
and IRS activation 219
psychopathology of depression 83, 449
research into see sleep research

sleep research 449^463
anomalies in depression 452^454
effects of antidepressants 455^460
measuring sleep 449^452
to measure pharmacodynamics 460^463

social anxiety disorder
comorbidity 509, 510, 511, 512
neuroimaging 254^257, 258, 259

social fears 516
social integration 157,164,167
social origins theory 363
social phobia see social anxiety disorder
social relationships, suicide risk 164
social skills training 356^357
social support

social origins theory 363
suicide risk 157,164

sociodemographic correlates
depressive disorder 18^20, 22
suicide 153^158

socioeconomic status
mood disorder correlation 20
suicide and 154,167

somatic factors, suicide 155, 163
somatic symptoms/signs

bipolar disorder 105^106
ICD-10 classification 89^90, 89
inflammatory hypothesis 219
psychopathology of depression 83, 84, 449
SCI-MOODSTM 129,130,133^134

spectrum of mood disorders 92, 94^95,126^137,
138^139

SSRIs see selective serotonin reuptake inhibitors
standardized interviews

anxiety^depression interface 508, 511
epidemiologic research 5, 6^7, 10^11, 13, 22,

23
SCI-MOODSTM 128^137,139

standardized scales 504^507
Hamilton Depression Rating Scale 300, 378,

380, 476, 505, 507
Montgomery^Asberg Depression Rating

Scale 378, 380, 476, 505, 507
stereotactic techniques 392
stress

diathesis^stress models 357^358

inflammatory hypothesis 219^222, 224
neurotrophic factors 204^205, 445
post-traumatic stress disorder 248^254, 258

stressful life events
antidepressants and 318, 319^320
anxiety^depression interface 493
epidemiology of depression 20^21, 22
neurobiology of depression 201, 205
post-traumatic stress disorder 248^254, 258
social origins theory 363
suicide risk 155, 163^165

Structured Clinical Interview for DSM-IV
(SCID) 5,7,129, 508, 511

Structured Clinical Interview for Mood
Spectrum (SCI-MOODSTM) 128^137,139

structured interviews see standardized interviews
Structured Psychopathological Interview and

Rating of the Social Consequences for
Epidemiology (SPIKE) 10, 13

substance P 442^443
substance use disorders

comorbidity 12,16, 17, 23,107, 375
familial transmission 20
suicide risk 159,160,169^170
treatment resistance 375

subthreshold episodic mood changes 134^135
subthreshold mood disorders 117^139

anxiety^depression interface 493
bipolar^unipolar dichotomy 124^126,138^139
classification 92^94,118,138
definitions 117^118,119,120,121,122,123,

137^138
drug treatment 123^124,125^126
epidemiologic research 6,118^124,137
mood-spectrum approach 126^137,138^139
psychosocial interventions 123^124

suicidal behaviour 145^176
antidepressants increasing 309, 310
attempted suicide

aftercare 173
bereavement 164,173
definitions 146
epidemiology 151^152
management 172,173
methods 152
sexual abuse 165
sexual orientation 165
suicide risk after 160^161,173,175

bipolar disorder 109,110
definitions 145^146
epidemiology 147^153
and fatty acids 216
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suicidal behaviour (continued)
future research 174,175
genetic factors 54
methods 152,165^166,172,176
neurobiological factors 162,194,196
prevention 167^176
psychopathology of depression 82
reliability of statistics 146^147,152,174
risk factors 153^167
suicidal ideation 146,153,171
suicide rates 109,145,146^151, 148^149

supportive psychotherapy 324
survival, appetite for 512^514, 520
Systematic Assessment forTreatment Emergent

Events (SAFTEE) 476

T lymphocytes 211, 212, 213^214, 223
talking treatment see psychosocial interventions
TCAs see tricyclic antidepressants
99Tc-HMPAO 234, 245

see alsoHMPAOSPECT
temperament

assessment 135
classification of depression 95^96

thyroid hormones 376, 387, 390, 436
time course of mood disorders see course of mood

disorders
topiramate 111, 332
transcranial magnetic stimulation (TMS) 391,

403, 405^414
transferrin (Tf ) 216, 218
tranylcypromine 311, 328
trazodone 222^223, 241, 264
treatment

clinical trials 467^486
epidemiologic research 22^23
potential targets for 429^446
see also drug treatment; psychosocial inter-

ventions; sleep deprivation therapy;
treatment-resistant mood disorders

treatment-resistant mood disorders 373^393
biological factors 385^389

HPA axis 386
inflammatory response system 388
oestrogen 387
pharmacogenetics 389
serotonin 386, 387, 388^389
thyroid dysfunction 376, 387

bipolar disorder 374, 382^385
decision tree 379, 392
dysthymia 374, 381^382
methodological issues 374^381, 392^393

comorbidity 375^376
compliance 377
defining ‘responders’ 378^380
defining therapeutic objectives 380
depression subtypes 374^375
medical conditions 376
misdiagnosis 374^375
number of trials for 380^381
treatment inadequacy 377^381

treatment strategies 389^392, 403^421
deep brain stimulation 403, 404
ECTsee electroconvulsive therapy
magnetic seizure therapy 403, 414^415
transcranial magnetic stimulation 391, 403,

405^414
vagus nerve stimulation 391^392, 403,

416^421
tricyclic antidepressants (TCAs) 293^294,

309^311
atypical depression 297, 311
bipolar depression 110, 327
choice of 302
chronic unipolar depression 300, 311
combination strategies 391
as comparison drugs 477^478, 481, 484
concordance 301^302
cytokines and 222^223
depressionwith predominant anxiety 297
development of SSRIs and 431^432, 433
dosage 310, 377^378
dysthymia 298, 381
effectiveness 294^295, 310
maintenance treatment 319, 320, 321^322
melancholic major depression 296, 303, 304,

375
neuroimaging studies 241, 245, 264, 269
oestrogen as adjunct to 387
onset of action 304
pharmacogenetic studies 56, 57
premenstrual dysphoric disorder 299
psychotic depression 296^297
relative efficacy 302^304, 311^312, 314, 318,

323, 324, 367, 482^484
response predictors 317, 318
side effects 305, 306^308, 309, 310
sleep research 455, 457
and suicidality 309, 310
tolerance 306
treatment-resistant mood disorders 377^378,

380^381, 391
triggering mania 312, 327
withdrawal 307^308
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tryptophan 193, 218, 262
depletion 196,198, 271^272
seasonal affective disorder 297
treatment-resistant mood disorders 388
uptake measurement 265^266

tryptophan hydroxlyase (TPH) gene 51, 56, 57,
389

tumour necrosis factor-a (TNFa) 213, 217, 219,
220, 222

twin studies 38, 40, 41^42, 41, 104
subthreshold disorders 121
suicide risk 162

tyrosine hydroxylase (TH) 197
tyrosine hydroxylase (TH) gene 51

unemployment, suicide risk 154,156
unipolar^bipolar dichotomy 86, 92

subthreshold disorders 124^126,138^139
unipolar depression see depressive disorder
unitary^binary classification 87^88

vagus nerve stimulation (VNS) 391^392, 403,
416^421

valproic acid/valproate 111, 327^328, 332,
383^384, 385

venlafaxine 294, 314
bipolar depression 328, 329
and bupropion 316
choice of 302

chronic unipolar depression 300
depressionwith anxiety 299
development of 432, 433
maintenance treatment 321
melancholic major depression 296
neuroimaging studies 269, 272
onset of action 304
premenstrual dysphoric disorder 299
relative efficacy 303, 304, 314, 333
side effects 305, 306, 316
sleep research 455

triggering mania 313, 329
withdrawal 309

white blood cells (leucocytes) 211^212, 213, 214,
221^222

widowhood, suicide risk 163

X-chromosome 44^45, 46^47, 50
133Xe 234, 244
X-ray computerized tomography

see computerized tomography

yohimbine challenge 245^246, 253^254
YoungMania Rating Scale (YMRS) 383

zinc, serum levels 215^216, 217, 218, 219
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