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Preface

Contemporary Psychiatry is an international textbook of psychiatry developed on
the basis of the experience obtained with its first three editions, which only
appeared in German. As such, this version incorporates the German tradition of
phenomenology and diagnosis going back to Kraepelin, as well as other authors
such as K. Schneider or Leonhard. However, for the first time, this tradition is
combined with the Anglo-American tradition and the DSM-IV diagnostic sys-
tem, making it a unique resource among psychiatric texts. Each edition has had
a special focus. The first edition appeared some 15 years after the end of the
Second World War and aimed to present the best of German psychiatrists’ writ-
ing in order to help reestablish the links between psychiatry in Germany and
elsewhere that were disrupted by the war. The second edition gave particular
emphasis to social psychiatry and empirical research in psychiatry in the hope
that they would become more familiar to German psychiatrists and be used by
them in their research and in their administrative and clinical decisions. The
third edition added a focus on the integration of psychodynamic approaches and
psychotherapy in the practice of psychiatry. This present, fourth edition exam-
ines psychiatric problems systematically, combining scientific evidence and
modern neurobiology with experience obtained in different sociocultural set-
tings while paying particular attention to the insights gained by the different dis-
ciplines relevant to psychiatry.

While comprehensive in its coverage, Contemporary Psychiatry is not encyclo-
pedic in the sense of listing all the issues and findings of the past two decades. It
presents findings relevant to the key issues in psychiatry together with the para-
digms that are necessary in order to gain a conceptual understanding of the cur-
rent trends in psychiatric research, service, and training. In doing so,
Contemporary Psychiatry naturally focuses on methods and approaches that are
playing an increasingly important role in psychiatry, such as molecular biology,
genetics, neuroimaging, and cognitive psychology. This method of presenting
today’s knowledge has been chosen because it is most likely to serve as a resource
not only for psychiatrists, but also for medical students, those engaged in basic
research relevant to psychiatry, and clinicians from other medical disciplines
who are increasingly collaborating with psychiatrists in an effort to understand
and manage psychiatric problems.

Although all the volumes of Contemporary Psychiatry are linked, each contains
separate sections. The first volume presents the scientific basis of psychiatry and
the contributions that disciplines overlapping with psychiatry can make to the
resolution of psychiatric problems. Epidemiology, the neurosciences, psychology,
genetics, and the social sciences are given particular prominence in this section.



VI

Preface

The second part of Vol. 1 deals with general psychiatry. It begins with an analysis
of classifications in psychiatry, paying particular attention to those included in
the International Classification of Diseases (ICD) of the World Health
Organization and in the Diagnostic and Statistical Manual (DSM) of the
American Psychiatric Association. The chapters that follow deal with the skills
necessary for psychiatric examinations, principles of psychiatric treatment, the
structure of mental health services and their influence on the management of
psychiatric problems, legal and ethical issues, and matters relating to undergrad-
uate and postgraduate education in psychiatry. Volume 2 addresses the presenta-
tion of psychiatric problems and their management in special situations (such as
that of a refugee status), in different cultures, and in combination with other
mental and physical diseases. Part 2 of this Volume systematically presents
knowledge about specific psychiatric disorders, including the dementia.
Schizophrenias, affective disorders, personality disorders, neurotic disorders
(such as anxiety disorders, obsessive-compulsive disorders), eating disorders,
suicide, substance abuse, and dependence disorders are presented in Vol. 3. The
epidemiological profile, genetic and pathophysiological characteristics, clinical
form and course, treatment, and rehabilitation are presented for each of the dis-
orders.

Contemporary Psychiatry combines the German tradition of psychiatry with
the traditions of psychiatry in other countries, particularly that of the English-
speaking countries. Its ecumenical strategy is exemplified by its approach to the
classification of mental disorders, in that both clinical consensus and the guide-
lines contained in ICD-10 and DSM-IV have been used in organizing the parts
dealing with specific diseases. The various chapters have been written by authors
from 15 different countries, and versions of Contemporary Psychiatry in several
other languages as well as in English and German are planned to be published,
reflecting the aim of producing an international textbook that is useful in differ-
ent settings throughout the world.

Fall 2000 F. HENN
N. SARTORIUS
H. HELMCHEN
H.LAUTER
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Preface

Contemporary Psychiatry is an international textbook of psychiatry developed on
the basis of the experience obtained with its first three editions, which only
appeared in German. As such, this version incorporates the German tradition of
phenomenology and diagnosis going back to Kraepelin, as well as other authors
such as K. Schneider or Leonhard. However, for the first time, this tradition is
combined with the Anglo-American tradition and the DSM-IV diagnostic sys-
tem, making it a unique resource among psychiatric texts. Each edition has had
a special focus. The first edition appeared some 15 years after the end of the
Second World War and aimed to present the best of German psychiatrists’ writ-
ing in order to help reestablish the links between psychiatry in Germany and
elsewhere that were disrupted by the war. The second edition gave particular
emphasis to social psychiatry and empirical research in psychiatry in the hope
that they would become more familiar to German psychiatrists and be used by
them in their research and in their administrative and clinical decisions. The
third edition added a focus on the integration of psychodynamic approaches and
psychotherapy in the practice of psychiatry. This present, fourth edition exam-
ines psychiatric problems systematically, combining scientific evidence and
modern neurobiology with experience obtained in different sociocultural set-
tings while paying particular attention to the insights gained by the different dis-
ciplines relevant to psychiatry.

While comprehensive in its coverage, Contemporary Psychiatry is not encyclo-
pedic in the sense of listing all the issues and findings of the past two decades. It
presents findings relevant to the key issues in psychiatry together with the para-
digms that are necessary in order to gain a conceptual understanding of the cur-
rent trends in psychiatric research, service, and training. In doing so,
Contemporary Psychiatry naturally focuses on methods and approaches that are
playing an increasingly important role in psychiatry, such as molecular biology,
genetics, neuroimaging, and cognitive psychology. This method of presenting
today’s knowledge has been chosen because it is most likely to serve as a resource
not only for psychiatrists, but also for medical students, those engaged in basic
research relevant to psychiatry, and clinicians from other medical disciplines
who are increasingly collaborating with psychiatrists in an effort to understand
and manage psychiatric problems.

Although all the volumes of Contemporary Psychiatry are linked, each contains
separate sections. The first volume presents the scientific basis of psychiatry and
the contributions that disciplines overlapping with psychiatry can make to the
resolution of psychiatric problems. Epidemiology, the neurosciences, psychology,
genetics, and the social sciences are given particular prominence in this section.



VI

Preface

The second part of Vol. 1 deals with general psychiatry. It begins with an analysis
of classifications in psychiatry, paying particular attention to those included in
the International Classification of Diseases (ICD) of the World Health
Organization and in the Diagnostic and Statistical Manual (DSM) of the
American Psychiatric Association. The chapters that follow deal with the skills
necessary for psychiatric examinations, principles of psychiatric treatment, the
structure of mental health services and their influence on the management of
psychiatric problems, legal and ethical issues, and matters relating to undergrad-
uate and postgraduate education in psychiatry. Volume 2 addresses the presenta-
tion of psychiatric problems and their management in special situations (such as
that of a refugee status), in different cultures, and in combination with other
mental and physical diseases. Part 2 of this Volume systematically presents
knowledge about specific psychiatric disorders, including the dementia.
Schizophrenias, affective disorders, personality disorders, neurotic disorders
(such as anxiety disorders, obsessive-compulsive disorders), eating disorders,
suicide, substance abuse, and dependence disorders are presented in Vol. 3. The
epidemiological profile, genetic and pathophysiological characteristics, clinical
form and course, treatment, and rehabilitation are presented for each of the dis-
orders.

Contemporary Psychiatry combines the German tradition of psychiatry with
the traditions of psychiatry in other countries, particularly that of the English-
speaking countries. Its ecumenical strategy is exemplified by its approach to the
classification of mental disorders, in that both clinical consensus and the guide-
lines contained in ICD-10 and DSM-IV have been used in organizing the parts
dealing with specific diseases. The various chapters have been written by authors
from 15 different countries, and versions of Contemporary Psychiatry in several
other languages as well as in English and German are planned to be published,
reflecting the aim of producing an international textbook that is useful in differ-
ent settings throughout the world.

Fall 2000 F. HENN
N. SARTORIUS
H.HELMCHEN
H.LAUTER
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Preface

Contemporary Psychiatry is an international textbook of psychiatry developed on
the basis of the experience obtained with its first three editions, which only
appeared in German. As such, this version incorporates the German tradition of
phenomenology and diagnosis going back to Kraepelin, as well as other authors
such as K. Schneider or Leonhard. However, for the first time, this tradition is
combined with the Anglo-American tradition and the DSM-IV diagnostic sys-
tem, making it a unique resource among psychiatric texts. Each edition has had
a special focus. The first edition appeared some 15 years after the end of the
Second World War and aimed to present the best of German psychiatrists’ writ-
ing in order to help reestablish the links between psychiatry in Germany and
elsewhere that were disrupted by the war. The second edition gave particular
emphasis to social psychiatry and empirical research in psychiatry in the hope
that they would become more familiar to German psychiatrists and be used by
them in their research and in their administrative and clinical decisions. The
third edition added a focus on the integration of psychodynamic approaches and
psychotherapy in the practice of psychiatry. This present, fourth edition exam-
ines psychiatric problems systematically, combining scientific evidence and
modern neurobiology with experience obtained in different sociocultural set-
tings while paying particular attention to the insights gained by the different dis-
ciplines relevant to psychiatry.

While comprehensive in its coverage, Contemporary Psychiatry is not encyclo-
pedic in the sense of listing all the issues and findings of the past two decades. It
presents findings relevant to the key issues in psychiatry together with the para-
digms that are necessary in order to gain a conceptual understanding of the cur-
rent trends in psychiatric research, service, and training. In doing so,
Contemporary Psychiatry naturally focuses on methods and approaches that are
playing an increasingly important role in psychiatry, such as molecular biology,
genetics, neuroimaging, and cognitive psychology. This method of presenting
today’s knowledge has been chosen because it is most likely to serve as a resource
not only for psychiatrists, but also for medical students, those engaged in basic
research relevant to psychiatry, and clinicians from other medical disciplines
who are increasingly collaborating with psychiatrists in an effort to understand
and manage psychiatric problems.

Although all the volumes of Contemporary Psychiatry are linked, each contains
separate sections. The first volume presents the scientific basis of psychiatry and
the contributions that disciplines overlapping with psychiatry can make to the
resolution of psychiatric problems. Epidemiology, the neurosciences, psychology,
genetics, and the social sciences are given particular prominence in this section.



VI

Preface

The second part of Vol. 1 deals with general psychiatry. It begins with an analysis
of classifications in psychiatry, paying particular attention to those included in
the International Classification of Diseases (ICD) of the World Health
Organization and in the Diagnostic and Statistical Manual (DSM) of the
American Psychiatric Association. The chapters that follow deal with the skills
necessary for psychiatric examinations, principles of psychiatric treatment, the
structure of mental health services and their influence on the management of
psychiatric problems, legal and ethical issues, and matters relating to undergrad-
uate and postgraduate education in psychiatry. Volume 2 addresses the presenta-
tion of psychiatric problems and their management in special situations (such as
that of a refugee status), in different cultures, and in combination with other
mental and physical diseases. Part 2 of this Volume systematically presents
knowledge about specific psychiatric disorders, including the dementia.
Schizophrenias, affective disorders, personality disorders, neurotic disorders
(such as anxiety disorders, obsessive-compulsive disorders), eating disorders,
suicide, substance abuse, and dependence disorders are presented in Vol. 3. The
epidemiological profile, genetic and pathophysiological characteristics, clinical
form and course, treatment, and rehabilitation are presented for each of the dis-
orders.

Contemporary Psychiatry combines the German tradition of psychiatry with
the traditions of psychiatry in other countries, particularly that of the English-
speaking countries. Its ecumenical strategy is exemplified by its approach to the
classification of mental disorders, in that both clinical consensus and the guide-
lines contained in ICD-10 and DSM-IV have been used in organizing the parts
dealing with specific diseases. The various chapters have been written by authors
from 15 different countries, and versions of Contemporary Psychiatry in several
other languages as well as in English and German are planned to be published,
reflecting the aim of producing an international textbook that is useful in differ-
ent settings throughout the world.

Fall 2000 F. HENN
N. SARTORIUS
H.HELMCHEN
H.LAUTER
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2 Classification: Operational Diagnostic Systems

B

1
Introductory Comment: Psychology in Transition

The following exposition continues the one presented
in the 1989 edition of Contemporary Psychiatry. The
predominant theme of that chapter was methodolog-
ical dualism, which had thrown psychopathological
research into disorder, eventually changing and diver-
sifying it. The model of gradual changes proposed
at the time has been taken up only occasionally
(Frommer 1996). Instead, the prevalent tendency in the
development of the field has been the diversification of
research paradigms, clearly dominated by the fun-
damental principles of logical empiricism. Modern
classification manuals have made a substantial contri-
bution to this. Our analysis of the current situation and
its inherent developmental trends will not repeat that
debate on fundamental principles and the systematic
examination of specialized psychopathology linked to
it. Instead, it will turn directly to subsequent innova-
tions and evaluate them from the perspective of the
methodological problems described.

The goal and strategies of present research efforts in
psychopathology are particularly evident in the results
and limitations seen in two areas: classification re-
search and experimental approaches that include
imaging methods. These will therefore be dealt with
in more detail.

2
Classification: Operational Diagnostic Systems

Although a separate chapter in this edition of Con-
temporary Psychiatry is devoted to classification (see
Vol. 1, Part 2, Chap. 2), the present discussion of
psychopathology also requires a critical look at this
area of research.

The introduction to ICD-10 and DSM-IV and their
present implementation in hospitals and research have
revived the highly controversial discussion about
operational diagnostic systems in the German-speaking
psychiatric community (see Gross et al. 1997).

2.1
Anticipated Consequences - Reliability

As early as 1974, Spitzer and Fleiss proposed validity
and reliability as fundamental research goals of psy-
chopathological classification research. Reliability does
not guarantee validity, but limits it. The association
of this research goal with Kraeplin’s medical model
of mental illness (see Avenarius 1979) and with the

reception of Jasper’s descriptive psychopathology,
restricted to symptom inventories, led to the desired
abandonment of ideal types, perceived as integrated
essences, in favor of mosaics composed of single
symptoms, the combination of which could then be
examined quantitatively and independently of all
nosological, etiological, and pathogenetic biases. New
findings and viewpoints regarding nosological catego-
ries had already been worked out in new versions of
DSM and ICD, but the loss of old concepts, in part
highly criticized, had to be accepted. As Mombour
et al. (1990) stated, concentration on descriptive out-
comes to the detriment of conceptions has been
accepted in field studies; however, that was all that
could be expected from those researchers who were
motivated to participate in them. The authors of
several reliability studies (Mombour et al. 1990;
Freyberger et al. 1990; Sartorius et al. 1993; Dilling
and Dittmann 1990; Mezzich 1992) found that a
high degree of correspondence could be established
between investigators and centers (k > 0.80), except for
in certain personality disorders, which only reached a
Kk value of 0.52 in the WHO study comparing different
centers. Sartorius believes that a brief acquaintance
with the new manual suffices to reach a high level of
correspondence. Furthermore, ICD-10 is appropriate
for diagnostic practices in European and non-European
countries alike, especially those in the Third World, to
which the ICD feels particularly committed. On the
other hand, Sartorius’ statement contradicts the fun-
damental criticism of the instruments which is increas-
ingly present in the literature.

The reliability achieved in other field studies is
far lower. Freyberger notes critically that values for
personality disorders, Alzheimer’s dementia, drug
addiction, and depression are unsatisfactory. For a
moderately severe depressive episode, a k value of only
0.17 was reached among 134 hospitals and 10 centers
in Germany. In addition, Freyberger points out that
splitting up the category of dissociative disorders has
caused particular difficulties in classifying correspond-
ing phenomena.

The goal of improving the reliability of classification
manuals has led a number of groups to work on
developing a “family of instruments.” These include
symptom checklists, systematic self-assessment and
objective assessment instruments with detailed
instructions for use, and, finally, standardized inter-
views, which stipulate the diagnostic interview to be
carried out, including the wording of questions. Thus,
for example, the Schedules for Clinical Assessment in
Neuropsychiatry (SCAN), which evolved from the
Present State Examination (PSE) developed by Wing
et al. (1990), was tested by Maurer et al. (1991). SCAN
also contains instructions for analysis and evaluation
which are derived from examined symptoms for ICD
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and DSM diagnostic categories. A “modular system” is
planned, which is intended to be polydiagnostic and to
differentiate between data sources. As in many reports
on reliability studies, the work by Maurer et al. (1991)
is simply a critique inherent to the system: SCAN is
still too long, the terse remarks for normal, or negative,
findings are inadequate, and the statement should
differentiate between question and commentary. Other
things are also not considered, e.g., the effect of contact
with the patient through a procedure focused on
diagnosis rather than primarily upon therapy, such as
concerns spontaneously presented by patients. Also
principally excluded are problems of structuring,
which are very important in the free interplay of
hermeneutic acts between patient and therapist in
psychotherapeutic diagnosis (see also Saf§ 1987: “Prob-
lems with data source remain unconsidered”). Per-
sonal experience with those that use standardized
interviews where variable reliability was obtained
shows that, even despite standardization and repeated
questions, additional intuitive perceptions rank high
and are included in the final diagnosis.

Another interview for assessing personality disor-
ders, developed and preferred by WHO, is the Inter-
national Personality Disorder Examination (IPDE).
Dilling has added to this the Composite International
Diagnostic Interview (CIDI). SCAN and CIDI have
the disadvantage of much longer assessment times,
a minimum of 1 h for normal results, otherwise 3 h or
more. A lexicon explaining the psychopathological
terms used in DSM and ICD and thus making
a contribution to their use as standards is being
prepared as a provisional conclusion in the “family of
instruments.”

Just as guaranteeing reliability is especially impor-
tant in the spread and applicability of the instruments,
so is feasibility. In this connection, Dilling and
Dittmann (1990) point out that the new numbering
system has room for 1000 classifications, about two
thirds of which are now in use. Thus additional entries
would not require new editions. Moreover, the
approach to the DSM structure in view of expanded
dementia concepts and the abandonment of qualitative
elements of endogenous depression and some other
older psychopathological concepts is viewed as pro-
viding “improved feasibility.” Thus a high priority is
given to reliability - especially comparability to the
DSM-based diagnostic studies - while a discussion of
reliability is more likely avoided by increasing catego-
ries such as “difficulties with the boss” on the ICD axis
of psychosocial factors. Such classification requires
some getting used to if we consider the highly
theoretical level that had already been achieved in
the conceptualization of psychosocial causal factors
in German-speaking psychopathology (Kisker 1960;
Tellenbach 1983). The question remains as to what

knowledge is gained from empirical research into the
frequency distribution of such categories over catego-
ries in axis I if the level of abstraction of a disorder
cannot be conceptualized as a basic disorder. This was
why stealing and kleptomania, for example, were not
granted the status of a diagnosis (see Mundt 1986);
they could, for example, be categorized as an expres-
sion of the fundamental disorder “frontal lobe disin-
hibition” or as an expression of a conflict situation in
neurotic disorders, at best as a symptom. The inter-
pretation necessary for differentiation was sacrificed to
safeguard reliability.

22
Conceptual Changes - Problem of Validity

Dilling and Dittmann (1990) have worked out the
conceptual changes in comparison with the traditional
diagnostic concepts, which were largely shaped by
authors of the Heidelberg School: the division into
psychoses and neuroses was abandoned in order to
free research from the etiological, pathogenetic, and
nosological implications of these categories. The term
“disorder” was used throughout, an inconsistency as
DSM has been based on Kraepelin’s medical model
since the third edition (see Safd et al. 1994), so that it
could be assumed from this that the concept of illness
now more likely refers again to the biopsychosocial
model of Adolf Meyer, which shaped DSM-I and DSM-
IT (Meyer 1960). In addition, this concept is now at the
mercy of professional political battles between psy-
chologists and psychiatrists. Baumann (1996) sees these
terms in the manual as a “plan for distributing physi-
cians’ tasks,” while Fydrich et al. (1996, p. 3) see the
term “comorbidity” as a “reintroduction of the medical
model through the backdoor.” This results in a nomi-
nalistic overvaluation of terminology which obstructs
research and serves professional political disputes.

The qualitative differentiation of depression catego-
ries into neurotic-endogenous or reactive-endogenous
was abandoned in favor of a quantitative gradation.
However, the assignment of degrees of severity has
proven to be difficult (Dilling and Dittmann 1990). The
severe form corresponds best in ICD to the earlier
endogenous depression, and in DSM-IV to major
depression with melancholic features; in this formula-
tion, confusion with Tellenbach’s melancholy type
(1983) was taken into account in translation. Dysthy-
mia corresponds best to the earlier neurotic depres-
sion, though enriched by the time criterion, but Saf§
(1987, 1994) considers this incorrect in relation to the
corresponding DSM-IV category. Tendencies can be
seen here of the various psychopathological schools
incorporating their own traditions into the new system
and not abandoning them.
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The division of organic mental disorders into acute
versus chronic and reversible versus irreversible dis-
orders was also abandoned in favor of a purely
descriptive procedure. To be consistent, ICD followed
DSM in the broader dementia concept when the
traditional criteria of irreversibility and lack of insight
into illness no longer apply. Wieck’s conception of the
transitional syndrome (Wieck 1961), which was always
disputed and was based upon clouded consciousness
and reversibility, also no longer applies. There are
now corresponding difficulties with the reliability of
dementia diagnosis (Freyberger etal. 1990). As a
result, special surveys are relied upon for research
purposes (e.g., NADCA, AMCA; McKhann et al. 1984).

The corresponding DSM-IV chapter has also aban-
doned a solely descriptive approach and there is
considerable confusion of etiological organizing prin-
ciples, with the effect that neither of the two principles
is really adhered to. This is related to the “loose”
association of etiology and psychopathological appear-
ance, to the generalization of exogenous reaction types
according to Bonhoeffer (1910) and to their joint
expression with nonorganic or mildly organic disor-
ders, e.g., the earlier neuroses and psychopathies.

The schizophrenia chapter also now includes
schizotypal and delusional disorders, which were
formerly classified as psychopathic or personality
disorders. New additions are undifferentiated schizo-
phrenia and postschizophrenic depression. Dilling and
Dittmann (1990) regret that in DSM-IV there is
a difference in the time criterion of 1-6 months.

The ICD-10 chapter on “Neurotic, stress and
somatoform disorders” also does not conform to the
philosophy of the modern classification system insofar
as it mixes etiological and descriptive elements to
define the syndrome. Similarly, eating and sexual
disorders are subsumed in the chapter on “Psycholog-
ical and hormonal disorders.”

Missing among the personality disorders is the
old cyclothymic or thymopathic personality disorder,
which now appears as cyclothymia under affective dis-
orders. The accentuated personality was also omitted as
a result of international advice, probably because of its
stigmatizing character and difficult transcultural stan-
dardization. Newly included categories are pathological
stealing, arson, and gambling, as well as artificial dis-
order. They were included in spite of unfavorable expe-
riences in defining psychopathological syndromes for
criteria of social behavior, e.g., the antisocial personality.

As symptomatic of the priority of reliability over
validity, Dilling and Dittmann (1990) noted critically
that, in spite of an exhaustive and accurate clinical
description of the degree of mental retardation, the
intelligence quotient is used as a definitive criterion,
although this measure has been repeatedly questioned,
even by psychologists.

23
Comorbidity Research

A major research goal, pursued by modern classifica-
tion systems, was comorbidity research, which pri-
marily separates symptom and personality levels, but
also separates the symptom, or personality level on
the one hand from psychosocial factors on the other.
This led to the revival of the trauma theory, e.g., by
discovering the increasing frequency of dissociative
disorders following severe traumas. The more reliable
diagnosis of personality disorders has resulted in
a frequency of 10%-12% in nonclinical populations,
about 27% in somatoform disorders and between 40%
and 50% in anxiety and affective disorders (Fydrich
et al. 1996), whereby very different clusters can be
shown. Cluster C, the dependent, avoiding personality
disorder, is most frequent in severe affective disorders,
while cluster A, comprising the schizoid, schizothymic,
and paranoid personality disorders, is least frequent.
The fact that less than 30% of obsessive-compulsive
syndromes (Fiedler 1995) are associated with compul-
sive personality disorder and, similarly, the association
of dissociative disorders with histrionic personality
disorders led to a differentiated view of their etiology.
Studies on post-traumatic stress reactions (Fiedler
1995) have shown that dissociative phenomena are
frequent, prognostically unfavorable consequences of
a trauma without there necessarily having previously
been a histrionic primary personality. In view of
the abandonment of qualitative differentiation among
depressions, a revival of this differentiation could
develop from personality typology. A largely incon-
spicuous primary personality is mentioned in DSM-IV,
namely, major depression with melancholy. This
criterion had already been referred to by Weitbrecht
(1966) and Schneider (1976) as a criterion for endo-
genicity in which, apart from signs of a weaker form,
there is an autonomy of adaptation in relationships to
self and the world that is very difficult to grasp.

The theoretical and strategic problem of modern
classification systems is seen here quite clearly:
a consistent restriction of the definition of depression
to descriptive criteria also makes this diagnosis
applicable to opiate addicts and cocaine users, for
example. Thus the comorbidity of cocaine dependency
and depression is the topic of a flood of publications in
the United States. Comorbidity of depression and
schizophrenia is also theoretically possible. However,
inconsistently in the latter case, a separate category of
post-schizophrenic depression has been introduced.
The extensive discontinuation of principles of struc-
turing, such as Jaspers’ earlier stratification rule, which
provided for a hierarchy according to the real severity
of an illness, allows a certain disorder in category
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formation to emerge to establish a new order, which is
empirically better grounded but which is not, however,
without assumptions. Fydrich et al. (1996) therefore
advocate abandoning the personality disorder category
and favor a dimensional-quantitative register of per-
sonality features with limits to the characteristic form
of the groups, such that borderline cases between those
personalities still socially acceptable and those recog-
nized as pathological are included. They would then be
defined solely according to categories of levels of
symptoms, particularly interaction characteristics, and
not according to simultaneous medical criteria, as
was the case with the former concept of pseudo-
psychopathy.

24
Critical Summary

The fact that modern systems of classification have
made a fundamental contribution to the ability to
compare epidemiological findings in therapy, research,
administration, and quality control is indeed positive.
New knowledge, gained through the philosophy of
separate diagnostic axes, primarily affects the rel-
ativization of the connection of personality symptoms
in former neuroses, the revival of the significance of
trauma in research on post-traumatic stress disorder
(PTSD), and a destigmatization of socially burdensome
diagnoses. Although the operational classification
systems are fundamental to an empirically meaningful
and effective psychopathology and are needed in the
future, critical objections prevail. They become more
relevant against the background of expanded claims
for the manuals.

Saf} (1987, 1994) voiced the basic reservation that
modern classification manuals represent a means by
which one branch of psychiatry, psychopathology, is
used in the service of another branch, biological
psychiatry, with the consequent loss of a “pure
psychopathology” (Janzarik 1988), i.., organized
thinking about structural and functional connections
of the inner life.

A limitation in the differentiation of signs and
symptoms occurs when reliability takes precedence
over validity (see Spitzer and Fleiss 1974), and this has
led in part to retrogression compared to the differen-
tiation achieved earlier. Since behavioral and expres-
sive symptoms can be classified more reliably than
those relating to experience, an imbalance arises
favoring behavioral symptoms and the corresponding
methodology of objective procedures over the ideo-
graphically formed psychopathological tradition,
which was more concerned with mental inner worlds.
None of this would be a disaster, were it not for the
inherent dynamics of the expanding claims for the

validity of the manuals arising from practical consid-
erations (see Blashfield and Fuller 1996).

The discrete character of many mental phenomena
leads to a blurring of definitions of the terms (see
Birley 1990), which tried to do justice to concepts such
as that of ideal types (see Kraus 1991). This limited
precision in defining terms should not lead to empty
rituals of perfection and methodological overloading of
procedures.

The neglect of conceptions derived from clinical
evidence leads to an impoverishment of concepts and
through editorial policy excludes one branch of
psychopathology.

The “pseudo-lack of prerequisites” of logical empir-
icism has been repeatedly criticized, most recently by
Birley (1990), who criticizes the manuals as being
“essentialist scholastic wolves in the sheep’s clothing of
nominalists.” He advocates a minimum of definition
which would allow for a maximum of freedom of
thought, whereby definitions would only be used for
specific purposes. In view of the fact that before
Kraeplin and after 100 years of the development of
confusing nosological systems one was accustomed to
regarding what was simple as being correct, the current
increase in categories in the manuals makes one doubt
advances in validation.

The manuals do not deal with the interests of
psychotherapy, which requires a completely different
point of view for its classification (see Mundt 1997).
There is, however, a fundamental debate here among
behavioral therapists in which one viewpoint with
“disorder-specific”, largely deindividualized tech-
niques is given priority and the other is represented
by an individual therapeutic approach oriented toward
personality and biography rather than to nosology (for
the controversy between Fiedler and Grawe, see Fiedler
1997). This discussion is taking place among behav-
ioral therapists. From the outset psychoanalysts have
followed and continue to follow their own diagnostic
paths (see Janssen and Schneider 1994; Rudolf 1993).

With some innovations there is emotional resistance
from the older generation to internalizing new ideas,
not because they are diffident about accepting some-
thing new, but out of a lack of conviction and the
feeling that something correct is being exchanged for
something questionable.

The objections cited become more relevant due to
the tendency of the manuals to claim generality and
move toward radicalism. In spite of initial conciliations
that the manuals were concerned with research criteria
and contributed to administratively useful categories,
it was first concealed, but then expressly stated, that
they were intended as textbooks. The establishment of
a “family of instruments” together with a textbook
character, material which is the subject of examination,
and editorial politics leads to a centralization and
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uniformity of perception and thinking which did not
previously exist.

It would therefore be desirable to relativize, though
not to abolish, the system. A reappraisal of clinical
evidence with a consensus of experts, an examination
of quality criteria for psychopathological research
as influenced by the humanities, and a revival of
psychopathological research on concepts and struc-
turally functional contexts should achieve a reversal of
the instrumentalization of psychopathology through
this recommendation for changeover steps: test the
hypotheses by temporary blindness to meaning and
return to concepts of ideal types.

3
Special Developments and Innovations
in Classification Research

The studies by Klosterkdtter (1988) in Huber’s group
of the transition from basic symptoms to fully devel-
oped schizophrenic-psychotic illness had already pro-
duced proof that the postulated functional connection
exists. The process can be interpreted well using
a vulnerability stress model or an intentionality model.
Three stages in the development of basic symptoms
were differentiated: the initial phase of nonspecific
basic phenomena, the externalization phase leading to
initial alienation and an “as if” character in acoustic
perceptions, and, finally, the concretization phase in
which there are increasing characteristic facial expres-
sions with catathymic contexts. This differentiated
result has great significance for prevention, since other
basic symptoms are found more frequently in person-
ality disorders and neurotic illnesses, especially in
healthy adolescents and young adults, such as physi-
ological instability and signs of alienation in develop-
mental phases in which identity formation and role
discovery are dealt with to a certain extent. In this
respect, Klosterkotter et al. (1997) was able to show
a broad predictive specificity for second-degree symp-
toms which already had a delusion-like and “as if”
externalized character.

Good confirmation of Huber’s long-term results
were also shown by Marneros et al. (1991) and Héfner
et al. (1992a). In a retrospective analysis of the long-
term course of schizophrenics, Marneros et al. (1991)
were able to compare course and outcome directly by
including schizoaffective and affective psychoses. The
tendency, already mentioned in the literature, was
particularly clear in the slightly more favorable course
for schizoaffective psychoses and still more favorable
course for affective psychoses. Nevertheless, the famil-
iar splitting into three courses also occurs in these
groups, albeit at a generally better level. The primary

personality is the chief predictor for all three groups.
The study by Marneros et al. (1991) yields a wealth of
psychopathological detail. However, to a certain extent
it lacks basic symptomatological parameters of the
syndrome, such as symptom linkages, number and
duration of phases, as well as social aspects of course
and outcome.

Héfner was able to confirm the findings clinically
gathered by the Huber group with the survey instru-
ment IRAOS (an instrument to assess the onset and
early course of schizophrenia) developed by his group
(Héfner et al. 1992b), in which he established that
nearly all the patients who later developed schizophre-
nia reported such warning symptoms. He analyzed his
findings to test different psychopathological concepts,
e.g., the positive-negative dichotomy of Crow and
Andreasen (see Hafner and Maurer 1991) and Conrad’s
stages model (see Hambrecht and Héfner 1993). His
findings do not confirm the positive-negative model,
since the precursor syndromes of his cohorts consist
essentially of symptoms which can be judged as
negative symptoms and which continually increase
over a period of about 4 years until the first manifes-
tation of positive symptoms, after which both positive
and negative symptoms decrease. This synchronous
rather than alternating pattern, or even the appearance
of one or the other of the two syndromes, also
described by other authors, speaks against the dichot-
omy. It is in this connection that the controversy about
primary and secondary negative symptoms should be
mentioned. Carpenter and colleagues (Carpenter et al.
1988; Kirkpatrick et al. 1989) had first been on the
lookout for qualitative distinguishing features for this
greater differentiation, which could not, however, be
empirically validated (see Mundt et al. 1995; Barnett
et al. 1996). The group introduced a time criterion that
arbitrarily prescribed that negative symptoms which
are long-lasting, appear at least 1 year before positive
symptoms, and are not caused by medication, depres-
sion, psychotic anxiety, mistrust, or mental deficiency
should be regarded as primary. This was the case for
patients in the Hafner group, and even so the negative
symptoms were in synchrony and did not alternate
with positive symptoms.

In a study by Mundt et al. (1995) on the course of
negative symptoms in a sample of schizophrenic and
neurotic patients, comparable to those in Héfner’s
sample in which the group was between one to three
hospitalizations and beginning to develop the illness,
no greater differentiation into primary and secondary
negative symptoms could be made in comparison with
the neurotic patients. The controversy over interpre-
tation of results (see also Amminger and Kirkpatrick
1997; Barnett et al. 1997) had placed the greatest focus
of attention on special features of the samples.
The characteristic affective rigidity found in many
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schizophrenic patients in the postacute stage, in terms
of the dynamic-structural model (dynamic constric-
tion, as it is called by Kick 1991), indicates that
disorders are more likely to be affective rather than
structural-cognitive ones. In this respect, Kick’s con-
cept presents an interesting alternative to the cogni-
tive-structural negative syndrome proposed by Crow
(1980). According to Carpenter’s definition of primary
negative symptoms (Carpenter et al. 1988), the estab-
lishment in the group studied by Hafner et al. (1992a)
of primary negative symptoms according to the time
criterion would certainly be something to affirm.
However, the short- to medium-term course in these
patients does not show the expected positive-negative
dichotomy. With Kick’s dynamic constriction, it could
be agreed with Carpenter that the formation of mental
reaction in response to a high pressure of anxiety and
processes of disintegration may possibly play a role in
the development of negative symptoms, which would
also be conceivable without the manifestation of
positive symptoms. In this respect, Carpenter’s defini-
tion of the time criterion does not fit with the absence
of positive symptoms. In later publications, the Car-
penter group (Carpenter et al. 1988; Kirkpatrick et al.
1989) incorporated the former qualitative-descriptive
concept of the primary negative symptoms into an
operationally defined deficit syndrome by introducing
the time criterion. Thus Crow’s syndrome of negative
schizophrenia is reestablished, including the biological
findings reported by the group.

Dynamic constriction also cannot be equated with
the potentially composed posture of intentionality in
apathy syndrome (Mundt 1985), which corresponds
more to Carpenter’s deficit syndrome with continuous
negative symptoms and without chronic psychosis.
Instead, the condition would be characterized by
a tenseness and stiffening of intentional actions
without a long-term effective level of relief being
found or being necessary.

Late-onset schizophrenic and affective illnesses have
recently received separate psychopathological consid-
eration. Riecher-Réssler (1995) was able to show, on
the basis of a large German and Danish group
of representative patients, that late-onset schizophren-
ics do not differ in any of the major variables from
early-onset patients. Psychopathological and socio-
demographic variables, characteristics of the course of
the illness, and biological variables suggest a contin-
uum. Marneros, Jeste (1997), and other authors (see
Marneros 1997) come to similar conclusions. An
explanatory model for the high variance in age at
onset of illness that is cited by most authors, partic-
ularly in the best methodological study by Riecher-
Rossler (1995), is the vulnerability model, although it is
still in an unsatisfactorily simplified form. The vulner-
ability concept is unsatisfactory for first-onset patients

in that two aspects which are clinically indicated and
were addressed in earlier studies of the psychopathol-
ogy of first onset (see Kisker 1960) are not considered:
the requirement that patients actively explore their
world and develop in adolescence and early adulthood,
and the distinctive interactions of the structural and
dynamic constituents of personality (Janzarik 1988).
Neither aspect is considered in the vulnerability model,
which conceives of the individual as passively suffer-
ing. The models of structural dynamics and intention-
ality could enhance the vulnerability hypothesis in
these points. There is good reason to believe that late-
onset patients have more stable cognitive and affective
structural patterns.

Once involution depression had been differentiated
from affective illnesses in the interim between ICD-8
and ICD-9, the psychopathological discussion about
the classification of late-onset affective disorders was
focused, among other things, on the role of pseudo-
dementia and the general interplay between factors
causing depression and those causing biological
dementia. A very extensive literature has now been
established substantiating that late-onset depression
with pseudodementia (see Morris and Rapoport 1990)
carries an increased risk of actual development of
cognitive deficits at a later stage; conversely, at least
30% of patients in early stages of dementia in whom no
manifest disorders in self-perception and judgment
have yet appeared develop depressive symptoms. A
high proportion of late-onset affective disorder patients
show corresponding brain morphology results.

In classification research with dementia patients,
a greater differentiation in memory models has devel-
oped in a transitional area between psychopathology
and neuropsychology which is also partially applicable
in the theory of psychoses (see J. Schroder 1997). The
differentiation developed by Squire (1986), Squire and
Zola-Morgan (1991), and others between declarative
and procedural memory along with the cerebral
structures involved is now well established. In studies
on the course of dementia using magnetic resonance
imaging (MRI), Pantel et al. (1997) were able to show
that the clinical psychopathological symptomatology,
based essentially on disorders of declarative-explica-
tive memory, is related in the early stage more to an
atrophy of the hippocampus-amygdala complex than
to an atrophy of the total area of the associative cortex.
According to studies by Markowitsch (1995), proce-
dural memory seems on the other hand to be
connected to basal ganglia structures and to the
cerebellum. Utilization of these findings and improved
neuropsychological research methods for therapeutic
training programs are still in the developmental stage.

A functional differentiation of dementia diagnosis
using combined visual-spatial and semantic tests was
also substantiated by Monsch et al. (1994). They were
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able to show that patients with subcortical atrophy of
the Binswanger type probably had disturbed access to
semantic contents, though the contents themselves
were not lost. With advanced cortical dementia of the
Alzheimer’s type, however, access is possible but the
semantic contents of declarative memory are lost.
Schroder (see J. Schroder 1997) used the differenti-
ation between declarative, procedural, and working
memory as short or ultrashort storage along with
further validation of psychopathological subtypes of
schizophrenia as a bridge-building model to interpret
patterns of cerebral activation seen in positron emis-
sion tomography (PET) and single photon emission
computed tomography (SPECT). The three-factor solu-
tion, also replicated by him, of clustering of psycho-
pathological symptoms of schizophrenics into a
disorganized, a paranoid-hallucinatory, and an
asthenic-apathetic subgroup corresponded to prefron-
tal hyperactivation, left hippocampal hypoactivation,
and global hypofrontality. With disorders of mainly
working, declarative, and procedural memory assigned
to these subgroups, a neuropsychological model was
suggested that is more concrete, better able to be tested,
and less speculative in that it is closer to the results than
the constructs of Liddle and Morris (1991) or Emrich
(1990) of a disturbed central censor function for
evaluating reality as the common “schizophrenia” of
the three subtypes. The debate on subtypes continues to
flare up on occasion. In addition to the most frequently
replicated three-factor solution and the dichotomy
model, four-, five-, and seven-factor solutions have
recently been suggested (see Lindenmayer et al. 1995).
In terms of clinical plausibility, statistics, patient
selection, long-term stability, differences among survey
instruments, and transcultural validity, the three-factor
models, however, appear to be most convincing.

4
Increasing Importance of Developmental
Psychopathology and Personality Research

Emotion research, coming largely from psychology,
plays an increasingly important role in developmental
psychopathology and in clinical research (Scherer
1993; Frijda 1986; Haviland and Lelwica 1987; Ekman
1993; Ekman and Friesen 1969; LeDoux 1989). Con-
ceptual problems and the search for an adequate
empirical methodological approach, which would at
the same time do justice to phenomenology, currently
dominate the field. Surveys of gestures and facial
expressions and the establishment of physiological
parameters, which are dependent on various emotional
stimuli, are experimental and clinical parameters that
are successfully used. The definition of emotion as

a synchronization process of physiological oscillators
(Scherer 1993) is not yet either clinically or experi-
mentally convincing; whether basic emotions (Ekman
and Friesen 1996; Machleidt et al. 1989) or a modular
emotional conception are assumed still remains open.
The extension of research to questions of cerebral
localization and function is just beginning. As an
example, Baxter et al. (1992) have shown that the
emotional state connected to the manifestation of
obsessive-compulsive phenomena leading to activa-
tion in the frontal caudate can be appreciably reduced
and normalized by both medication and psychother-
apy. This finding has led to speculations about the
pathogenesis of the cerebral regulatory systems
involved. Krause’s group (Krause and Liitolf 1989;
Krause et al. 1992), using gesture and facial expression
paradigms, showed disturbed emotional interaction in
communication between schizophrenic and healthy
individuals and were able to clarify the significance of
even the briefest and apparently meaningless facial
stimuli as keys for controlling dialogue.

Apart from purely psychopathological research on
personality disorders, aspects of personality and the
psychopathology of their development already played
an important role in the 1960s and 1970s in the
interpretation of the psychopathology of endogenous
psychoses. Tellenbach (1983) described the melancholic
personality as a condition for clinical melancholy, and
this was objectively validated by von Zerssen et al.
(1994). In the course of their validation, the group was
able to differentiate premorbid personality types for
neurotic, schizophrenic, and affective patients (von
Zerssen 1977; von Zerssen et al. 1996). Janzarik (1988)
described the “preceding defect” for schizophrenia
and Mundt (1985) the one for the premorbid affective
personality. In the international literature, research
focused on high-risk prospective studies, very largely
directed at the spectrum of schizophrenic disorders,
and mainly concentrated on discrete neurophysiolog-
ical, neuropsychological, and psychomotor precursor
symptoms of later schizophrenic illnesses.

Recently, there have been increasing numbers of
studies in the field of empirically based developmental
psychopathology on the etiology of depression. For
example, analytical studies were carried out on the
interaction of depressive parents with their children
and their influence, as well as that of the entire
constellation of their lives, on development of cogni-
tive styles, regulation of self-esteem, social competen-
ce, and formation of social networks by these children.
In particular, it was shown that interactions of
depressive parents are generally reduced both quanti-
tatively and in terms of their emotional breadth (see
B. Schroder et al. 1996). In comparison to healthy
parents, depressed ones showed more critical interac-
tions with less involvement, less support, and more
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anticipatory concern. The less beneficial styles of
parental interaction were furthered by chronic burdens
that the parents had - single parents, the double
burden of career and household, chronic conflicts with
partner or children (Brown 1996). Chronically depres-
sive behavior patterns also have a negative effect on
partnership and the partner’s self-image. Brown (1996)
has proven the prospective validity of these risk factors
for developing a major depression in healthy adult
women. Several groups have substantiated the risk of
illness for children of depressive parents (Hops 1996;
Hammen 1996). Depressive cognitive styles with ten-
dencies to excessive self-criticism and self-negation,
low self-esteem, and lack of social competence and
acceptance in peer groups all work to bring about the
development of the psychopathology. Children of
insensitive mothers were shown by the Goodyear
group to have retardation of cognitive, motor, and
emotional development which can persist for a long
time (Murray et al. 1996). The small children them-
selves appear to actively seek emotional rapport and
attachment and, given the opportunity, to seek out
responsive substitutes for their depressive mothers, if
this is possible in the family.

This wealth of useful results relating to the patho-
psychological and psychopathological development of
manifest affective disorders provides a much clearer
picture of possible risk constellations and protective
factors than the previously typical features of person-
ality that were acquired retrospectively and had
a statistical/descriptive basis. Thus publications on
the psychopathological development of affective dis-
orders, particularly depression, emphasize pathopsy-
chological models in which risk-bearing patterns of
thinking, feeling, and behavior were transmitted in
part by identification and in part by interaction. By
comparison, results of preschizophrenic constellations
are characterized more by fundamental organic disor-
ders and the consequences of their inept handling in
families, so that the impression arises sometimes that
one is dealing with a special or abortive neuropsycho-
logical form of an organic brain disease.

The results of Walker and Lewine (1990) are worth
mentioning in which home movies of small children
who developed late-onset schizophrenia showed that
discrete motor disorders were also the rule in early
childhood. Resch (1996) summarized recent findings in
his developmental psychopathology with the following
ideas: tangential, cautious thinking, neuromotor defi-
cits with disorders in speech development, attention
deficit disorders, irritability of emotional control, and,
finally, milder thought disorders describe the organic
foundation. A rejecting, cold atmosphere, less active
encouragement, low expectations, and active disqual-
ification increase the developmental deficit and even-
tually lead to social incompetence and flattening of

affect. Even for the development of a disorder which is
primarily organic such as Alzheimer’s dementia, Bauer
et al. (1995) have shown a premorbid personality
structure which is more strongly dependent in com-
parison to control probands. A corresponding interac-
tion with comparable plausibility for organic/biological
predispositions in patients at risk for affective disorders
has not yet been developed. The enormous method-
ological difficulties of correlating the objective study of
fundamental organic constellations and the hermeneu-
tic study of a life history with its unfolding structure of
meaning in a single comprehensible context has been
recently pointed out by Biirgy and Mundt (1997) in
their example of research on life themes.

Research on personality disorders as an indepen-
dent nosological group, apart from continuing refine-
ments and changes in survey inventories (see von
Zerssen et al. 1996), has been enriched by the inclu-
sion of biological aspects. Cloninger etal. (1995)
have designed a repeatedly revised personality inven-
tory, in which the categories “harm avoidance,” “re-
ward dependency,” and “novelty-seeking” refer to an
abnormal functional state of the dopaminergic, norad-
renergic, and serotonergic systems. A genetic confir-
mation of this hypothesis, also indicated in view of the
expression of the dopamine D, receptor (Svrakic et al.
1996), exists to date only for personality formations in
alcoholism type 1 (late-onset, pronounced “harm
avoidance”) and type 2 (early-onset, pronounced
“novelty-seeking”). Type 2 is thought to show a higher
gene expression for the dopamine D, receptor than type
1. The as yet undeveloped validity of the inventory may
have led to the sparse returns to date.

Herpertz and Saf8 (1997) have expanded personality
research into experimental territory by examining the
serotonin system using the fenfluramine test to
attempt to stimulate affect in patients with impulsive
personality disorder. They were able to show that
dysfunctional affect as learned through experience is
directly in conflict with impulsiveness, which is clearly
biologically influenced and inherent in the personality,
though cognitive performances and styles are not
changed. The high degree of retention with increased
control and explosive discharge of affect combined
with distinctive affect change and differentiation play
a role in subjective experience and have consequences
for social ability.

Steinmeyer and Moller (1992) have made a valuable
contribution to the statistical review of personality data
generated from the inventories. Steinmeyer’s facet
theory analysis permits the modeling of clinically
meaningful typologies gained by visualizing the overlap
of clinical categories and those produced by statistical
methods, e.g., factor analysis. The more or less pro-
nounced convergence of these typologies with the
empirically validated categories always remains evident.
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Attempts from the field of pathopsychology (see
below) to replace static-descriptive models of person-
ality with functional models, which to some extent lack
concrete ideas or empirical results, remain abstract
and unclear (Becker 1995, 1996). Schmitt and Mundt
(1991), Bloschl (1994), and Hops (1996) have investi-
gated more closely the role of aggression in depressive
personalities and were able to show relationships
between suppression of aggression and low self-esteem
as well as mechanisms of masked aggression among
individuals with depression.

5
Influences of Phenomenology, Anthropology,
and Philosophy on Psychopathology

The phenomenological-anthropological movement in
psychopathology has a special tradition in Germany,
the Latin countries, and Japan, and within Germany
particularly at the hospital in Heidelberg and at the
earlier centers in Marburg and Cologne. In a theoret-
ical paper, Schmidt-Degenhard (1997a) named the two
main interests of this research approach:

1. The ontic interpretation of psychopathological phe-
nomena, i.e., explanation of the manner in which
the being of the patients is adapted and its
consequences for the relationship to self and the
world. Husserl, Heidegger, and Sartre were all
consulted as phenomenologists and existentialist
philosophers concerning methodology (Husserl)
and content.

2. The hermeneutic study of biographical, intentional,
and mnestic structures of meaning guiding experi-
ence and action. This interest is also strongly
influenced by psychoanalysis.

Schmidt-Degenhard’s assertion that, because of its
“existential harmony,” the phenomenological-anthro-
pological movement of psychopathology has special
ethical support of higher standing than that of other
research approaches should provoke criticism. He also
directs this claim at “exploration as an open field”
(Schmidt-Degenhard 1997b) for the effect of the
patient upon the investigator and the establishment
of intersubjectivity, an old demand made by von
Baeyer (1955), which was already very controversial
at the time. The implicit ethical devaluation of other
traditions implied by such an assertion is problematic.
The claim of taking the human condition as the object
of investigation does not necessarily mean that it has
been permanently improved. Historically speaking,
important social psychiatrists have of course emerged
from the phenomenological-anthropological tradition.
However, a real improvement for psychiatric patients,

especially since 1945, has come from the combination
of many efforts, not least from the successes of
psychopharmacology, evaluation of care for patients,
psychotherapeutic research, clinical psychiatry and
psychology, and social politics. The search for the gene
for Huntington’s chorea, for example, is as “in
accordance with existence” as that for the transcen-
dental organization of the ego (Blankenburg 1971).

Phenomenological-anthropological research has
recently been given new stimuli in the German
literature from Fuchs (1993, 1994a,b, 1995, 1996; Fuchs
and Haupt 1994). In a survey of paranoid disorders in
old age (Fuchs 1993), hearing losses in the speech
frequency range were shown to be a possible precon-
dition for the development of delusions in old age, as
was the fate of having been refugees with particular
vulnerability to intrusion into the psychophysical
“inner space.” Fuchs illustrated this experience with
Katka’s Bau (“The Building”) (Fuchs 1994b). The
hearing deficits found in large numbers of the para-
noid elderly point to an interruption of the gestalt
circle, i.e., the possibility of constructing one’s own
reality by moving in a creative, circular process
between sensory and motor interaction in the broadest
sense. The modes which delusional patients use in
modifying their existence, which Fuchs commented
upon, and the consequent points of view for their
stimulation and protection during the course of illness
give important suggestions for psychotherapy with
delusional patients (Mundt 1996a). Kraus (1992)
recently studied the technical delusions of schizo-
phrenics and the role-theory interpretation of affective
disorders, which he interprets as the creation of
a virtual reality in order to “normalize” pathological
experiences that could not otherwise be categorized, an
idea which Schmidt-Degenhard (1992) had already
described with his work on oneiroids. According to
Schmidt-Degenhard, delusion represents a modifica-
tion of existence by disempowerment of the self. The
lost world of socially binding common sense is
replaced or added to by imagination. In a study of
existential aspects of anxiety, Kraus (1996) takes up old
dialectical concepts of existence and intention, of
distance from self and alienation, a concept also
discernible in a study on ego estrangement in melan-
cholics, in whom there is a quasi-delusional self-
accusation of lying against a culpable background.
Mundt (1996b) was able to demonstrate the alienation
in anxiety as a problem and difficulty in psychother-
apeutic work with the compensational character of
phobic patients. The predominance of the alienated
nature of intentional acts in melancholia in contrast to
a specific, more instrumental disorder of retardation
was shown by Mundt et al. (1998) in a study involving
a series of experiments with depressed patients on
estimating and experiencing time.



Psychopathology Today

Anglo-American phenomenological psychopatholo-
gy, influenced by European phenomenologists and
analytical philosophy of mind, studied the previously
mentioned critique of operational classification (e.g.,
Radden 1994) and the discussion about popular
psychology, ie., lay psychological approaches to
understanding mental disorders, among which psy-
chopathological concepts (Radden 1994) are generally
included by some American researchers (Harrison
1991). The polemic about these “eliminative material-
ists” (Schwartz 1991) appears sterile - the utility of the
approaches will ultimately provide their legitimation,
not the “metapsychopathological” dispute about them.

In the 1980s, great hopes were placed in qualitative,
psychopathological research stimulated mainly by psy-
choanalysis, social psychology, and sociology. For a
while, the leading research paradigm was the narrative
interview, a research technique in which the subjective
element of the interviewer involved in the hermeneutic
act of determining meaning was to be restricted by
better objectivity, e.g., by speech analysis of the narra-
tive produced, i.e., the text that had not been prestruc-
tured by the investigator. The results are modest given
the high cost in terms of methodology and time
expended. As in many other cases, the use of more
extensive methodology has confirmed what is already
known (see Frommer 1996; Faller 1994), in this case,
especially, the negative self-image of depressed persons,
albeit with a significantly greater level of proof than the
subjective evidence of individual clinicians indicates.

Biirgy and Mundt (1997) have pointed out the
special methodological problems of biographical re-
search. Methodological dualism (Mundt 1989) emerges
here persistently again and again. It can probably only
be overcome with an alternating model. Particularly
research on life themes in the work of Thomae (1996)
shows that a convergence and merger of hermeneutic
and objective approaches is not possible. Instead,
adherence to the subject and formulation of clearly
distinguishable research paradigms is more successful.
The flattening out that occurs with diary techniques
(Laux and Weber 1987) or with objectified life-event
techniques can be overcome by a hermeneutic exam-
ination of the results and can lead to renewed
formulations, which can once again be subjected to
objective investigation blinded to meaning.

6
Pathopsychology and Other Contributions
of Clinical Psychology

Research on salutogenesis (positive or protective
factors) has developed in recent years as a coun-
terart to psychopathological pathogenetic research

(Antonovsky 1987). It studies mechanisms of becom-
ing and staying healthy, even under difficult condi-
tions. In addition to classical stress research and
coping concepts, recent studies on coping styles in
illness and health maintenance among adolescents
with and without difficult environmental influences,
such as being raised in a foster home, have yielded
interesting results (Bielefeld study). Earlier coping
results were confirmed. Thus it was shown that active
behavior, intelligence, prior experience of being effec-
tive, temperamental factors, and flexibility, includ-
ing stable emotional relationships and models for
crisis management, play a positive developmental role
in adolescents from unfavorable circumstances and
promise “resilience,” i.e., elasticity (Lésel et al. 1992).
Moreover, the differences in the healthy control group
were slight in the Bielefeld study (see Becker 1995,
1996). It remains questionable whether a model that
assumes threshold values for intelligence, for example,
can explain the results better than a model of a
balanced pattern of salutogenetic influential factors.
Haltenhof and Vossler (1994) found distraction to be
one of the most important factors for recovering from
depression. Apart from aspects of severity of depres-
sion and autonomy, which must be taken into account
in interpreting these findings, the methodological
problem of salutogenetic research plays a greater role
here than in other diagnostic groups, namely the
confounding of preventive factors with variables of the
current state of health as well as insufficient differen-
tiation between short-term and long-term factors, and
factors which positively influence the state of health
and structure of salutogenesis.

The concepts of salutogenesis are related to research
on quality of life (see Chap. 7, Vol. 2; Lauer 1997), and
their development was also stimulated in psychiatry by
cancer treatment. Just as in that field tumor diagnosis
alone is no longer the criteria for therapeutic action, so
increasingly in psychiatry psychopathological symp-
toms are supplemented by criteria that have quality of
life as a therapeutic goal. An abundance of unsolved
methodological problems still makes interpretation of
results more difficult. This includes the gap between
objective and subjective evaluation of quality of life.
The latter is frequently judged by schizophrenics, for
example, as excessively high, perhaps due to their
experience of contrast and the “modesty” associated
with autism. The result should by no means be allowed
to lead to complacency in therapy, rehabilitation, and
social policy. However, even self-determined life goals
and standards, influenced by origins, can influence the
subjective judgment of life quality by a realistic
judgment of what is attainable or relative satisfaction
based on overcoming past and more difficult circum-
stances. A generally accepted measure (see the so-
called qualies) is still lacking.
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Psychopathology and Cognitive Neuroscience

Cognitive neuroscience is a comparatively young
discipline with roots in psychology, computer science,
physiology, anthropology, philosophy, and linguistics.
In this decade, the decade of the brain, extensive
progress had been made in this field, which cannot go
unnoticed by the science of psychopathology, partic-
ularly since cognitive neuroscience is about exactly
those high-level mental functions whose pathology is
at issue in psychiatry, e.g., thought, perception, affect,
and volition. To give a further example, until just a few
years ago, the use of the word “consciousness” in
scientific discourse was taboo among neuroscientists.
Today, many experimental studies are directly devoted
to the neurobiological correlates of consciousness
(Barinaga 1997, p. 1583). This demonstrates that the
themes of psychopathology have finally become part of
the scientific discourse.

To give yet another example, up until the late 1980s,
the question of exactly where and when a mental image
or an auditory hallucination can be localized in the
brain appeared to be an error in categories rather than
a serious goal of empirical research. This has changed
fundamentally due to the development and use of new
methods and new concepts.

The remaining parts of this chapter consists of a
brief methodological section, after which some results,
concepts, and interpretations regarding single psycho-
pathological symptoms will be presented. The subse-
quent discussion will proceed from specific to general
aspects and will close with remarks on psychopath-
ology as a science.

71
Natural Sciences and Humanities: Methods

One hundred years ago, the field of brain research
experienced a surge of popularity not unlike the
present one. Unlike now, however, at that time new
discoveries about neurons, neuron clusters, and brain
modules could only be related highly speculatively to
mental processes. Psychopathologists therefore dis-
tanced themselves and their discipline from the
“mythologies of the brain.” In doing so, they advo-
cated the recognition of their field as belonging to the
humanities, not to the natural sciences. This led to the
separation of the brain and the mind in psychopa-
thology, which was obviously a very unfortunate
development, as nothing is more apparent in psychi-
atry than the immediate connection of mind and brain,
as Andreasen (1997) recently and rightly emphasized.

Like cognitive neuroscience, psychopathology is root-
ed both in the natural sciences and in the humanities,
and it encompasses philosophy and psychology as well
as computer science and neurobiology.

Given this diverse origin, it is no wonder that, from
the very beginning of psychopathology, it faced major
problems concerned its methodology. As Karl Jaspers
(1957, p. 13) remarked in his autobiography, anyone
speaking about the mind must know “what one knows,
how one knows it and what one does not know.” It is
unfortunate that this dictum finds so little resonance in
some present-day discussions of psychological issues.
However, the recent methodological progress in the
field of cognitive neuroscience enables psychiatrists to
study psychopathology in new and unprecedented
detail and depth.

There is no single “optimal method” for the study of
mind and brain. It is rather the task of the researcher
to find the right method for the question at hand. In
most cases, several methods will have to be used in
concert such that their respective strengths are com-
bined and their respective weaknesses compensated
for (see Posner and Raichle 1996). In order to find the
components of complex mental processes, psycholo-
gists have used the procedure of measuring reaction
times for more than 100 years. By constructing specific
simple tasks to which the subject can respond rapidly,
the nature of the mental processes that are at work
when the task is performed can be inferred. In
addition to such mental chronometry (Posner 1986),
functional imaging procedures provide an answer to
the question as to where exactly in the brain certain
processes occur (Toga and Mazziota 1996). Electro-
physiological procedures, in addition, can clarify
exactly when, down to the millisecond, a certain
mental process occurs (Heinze et al. 1994; Snyder
et al. 1995). By studying the effects of psychoactive
substances, the neurotransmitters and neuromodula-
tors that participate in or modulate a process can be
identified (see Hermle et al. 1996; Kischka et al. 1996;
Spitzer et al. 1996).

7.2
Results of Research

In the following sections, findings of neuroscience
research that are relevant to psychopathology are
presented. This is not meant to be an exhaustive
review. The topics have been chosen to exemplify the
achievements of the cognitive neuroscience approach
in psychopathology. In the subsequent sections, the
map structure of the cortex and two basic concepts
pertaining to the functionality of these maps, neuro-
plasticity and neuromodulation, are discussed.
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7.2.1 Hallucinations

Jaspers defined hallucinations as deceptive and per-
ceptual events (Wahrnehmung) that have to be strictly
separated from mental imagery (Vorstellung). He
attempted to support this definition by referring to
phenomenology, i.e., the philosophical approach to the
nature and the constituents of mental life founded by
the German philosopher Edmund Husserl. This refer-
ence to Husser’s phenomenology has remained highly
controversial (see C. Walker 1993; Wiggins and
Schwartz 1996). As has been pointed out elsewhere
(Spitzer 1988), it appears that Jaspers’ definitions of
psychopathological concepts do not refer to Husserl.
They actually express nothing but the prejudices of
a branch of eighteenth-century psychology and, fur-
thermore, result from his quite limited clinical know-
ledge. (Jaspers worked only part time in psychiatry for
only a few years, and he only dealt with special cases.)
It is difficult to understand why Jaspers’ definition of
hallucinations has been maintained up until today.
From a clinical point of view (see P. Schrdder 1915),
hallucinations can be anything from truly perception-
like to faint and idea-like. Patients often identify their
deceptive nature (and hence are not deceived), which
is why the term “voices” was introduced to denote
these special experiences. Detailed research into the
subjective nature of hallucinations induced by various
experimental procedures, from drugs to electrical
brain stimulation and sensory deprivation, has further
shown that Jasper’s strict definition of hallucinations is
of little use (Beringer 1927; for a summary, see Spitzer
1988).

The studies conducted by Shepard and Cooper in
the early 1970s (for a summary, see Shepard and
Cooper 1982) made it obvious that mental images can
be investigated experimentally, despite their being an
individual’s most private, most “subjective” experi-
ences. The results of a series of reaction time exper-
iments on the mental rotation of imagined pictures
and objects allowed inferences to be made regarding
the nature of mental representations. These studies
suggested that mental images are highly similar to
perceptions. More recent studies in the field of
cognitive neuroscience on perception and imagery
conducted during the past 5 years strongly supported
this view in a manner which would have been thought
impossible several years ago: The processing of mental
images apparently activates the very same central
nervous structures that become active during visual
perception. The content of a mental image does not
arrive from the retina via the lateral geniculate body,
but instead is provided by compressed information
residing in long-term storage sites in the temporal
lobe. This information is projected “backwards,” i.e.,

downstream, to the “lower” visual cortical areas. This
process is computationally intensive and hence takes
time. Once the mental image is built up in the visual
storage buffer (see Kosslyn and Konig 1992), it can be
manipulated there (e.g., rotated or zoomed, i.e., its size
enlarged or reduced), which also takes time, as can be
measured by means of skillfully planned experiments.
Functional MRI (fMRI) studies directly demonstrated
the activation of visual cortical areas during mental
imagery; in particular, the primary visual cortex is
activated about half as much during imagery as it is in
visual perception (O’Craven et al. 1997). Kosslyn and
coworkers (1996) demonstrated in a PET study of
normal subjects that the ability of the visual cortex to
become activated correlated to the performance of
subjects in visual imagery tasks.

These and a number of other findings indicate that
perception and mental imagery are not two funda-
mentally different processes, but rather two aspects of
the unitary function of visual information processing.
Just as centers of “perception” are involved in mental
imagery, stored information and hence mental images
are involved in perception, as was demonstrated
decades ago by gestalt psychologists. Perception is
an active process of analysis of incoming information
through synthesis using the available information
already stored. The structure and gestalt formation
processes that are involved in visual perception and
imagery can be studied in rodents and in primates,
including humans, down to the level of individual
neurons.

Primates, like humans, are subject to visual illusions
and ambiguous figures such as the Necker cube and
the Rubin cup. Such ambiguity can also be provoked
by projecting different images into either eye, which
causes the effect of binocular rivalry, i.e., seeing one of
the images for a few seconds and then the other one,
but not both at the same time. In animal studies, this
effect can provoked as follows: First the animals are
shown unambiguous figures. Then neurons in the
occipital and temporal lobes are identified which
selectively become active to one of these figures.
Finally, the monkey is shown a different figure in each
eye. At any one time, the monkey will see one of the
two figures (which can be experimentally depicted by
its behavior), and the previously identified neurons
will behave accordingly. The speed of change corre-
sponds to that for human subjects, who under such
conditions will also see one figure at a time. Further
studies by Logothetis and coworkers (Leopold and
Logothetis 1996; Logothetis et al. 1996) suggest that the
“higher” the neurons rank in the visual information
processing, the greater the extent to which their
activity is influenced by the processes of mental image
production. If 18% of the neurons in the primary
visual cortex change their activity depending upon
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which figure is currently being seen (i.e., which
information arriving from the retina is being synthe-
sized), this percentage is approximately 50% around
the middle of visual information processing (medio-
temporal cortical area), and almost 100% upon com-
pletion of the process (inferior temporal cortical area).
In other words, the higher the level of visual informa-
tion processing, the more the neurons will represent
what is subjectively experienced or seen, and the less
they will represent the physical environment. Moreover,
these studies demonstrate that the transfer from the
retinal image to the subjective experience does not take
place at a specific point in the brain, but rather consists,
neurobiologically speaking, of a gradual transition.

This view of visual perception as an active, synthetic
process distributed over a large number of cortical
areas renders the phenomena known from psychopa-
thology - from the illusions driven by affect, up to the
scenic, visual hallucinations - highly plausible. For
example, if we take into account the fact that the
serotonergic system has the highest density of projec-
tions in the visual cortex and that a number of
hallucinogenic agents act upon the serotonergic sys-
tem, it becomes apparent how top-down processes can
come to outweigh bottom-up processes in the course
of visual perception. Once this balance is disturbed, the
mode of perception may change correspondingly to
any psychopathological perceptual phenomenon, from
illusory modification to full-blown hallucination.

The same applies to the auditory hallucinations
of schizophrenic patients who hear voices. Using
functional imaging, Silbersweig et al. (1995) recently
provided direct evidence for the involvement of speech-
processing cortical areas in patients who reported
hearing voices. Of course, auditory hallucinations were
suspected to involve language-related cortical areas on
purely clinical grounds before the advent of functional
imaging methods. T. Early (personal communication),
for example, described a patient who became aphasic
following an ischemic insult to the Broca area and who
maintained that the voices she had heard had difficulty
finding words. This observation directly implies that
the same language areas that are involved in the
production of speech are involved in the production of
auditory hallucinations. Nonetheless, functional imag-
ing delivers further confirmatory evidence.

7.2.2 Obsessions and Compulsions

Obsessive-compulsive thoughts and actions have been
the focus of recent research, sparked by several
neurobiological developments. This increased research
interest has led to an increase in the number of papers
on obsessive-compulsive disorder (OCD), which in
turn led to an increased awareness of the disorder by

clinicians. This corresponded to a considerable in-
crease in the frequency of diagnosis of OCD in recent
years (see Kaplan et al. 1994).

Most importantly, obsessions and compulsions were
placed within the framework of frontal lobe cortico-
striato-thalamocortical circuits, as described by Alex-
ander and coworkers (1990). It is assumed that this
type of frontal cortical circuitry leads to the integration
of information from various cortical areas. The infor-
mation-processing circuits from the cortex via sub-
cortical regions and back to the cortex possibly help to
stabilize the output of the information-processing
system. This is important because the system always
has to respond with a single response at any given
point in time. If the system becomes stuck with a single
output, however, the mechanism of stabilization over-
shoots, and this dysfunctional state may correspond to
symptoms of OCD. It should be noted that OCD is not
the only psychopathological syndrome which can be
put in the framework of frontal cortical circuitry (see
Kischka et al., in press).

In the case of OCD, the overshooting activity of one
or more of the orbito-frontal-cortical and subcortical
structures (striatum) was demonstrated by means of
PET (Baxter etal. 1992). Most importantly, this
pathologically increased activity was shown to become
decreased and to return to normal in the course of
successful pharmacotherapy and psychotherapy. Thus
this study was the first to render the effects of
psychotherapy directly visible through neuroimaging.
In subsequent studies, obsessions and compulsions
have been examined using fMRI, in which patients are
scanned at rest and during the provocation of symp-
toms (Breiter et al. 1996). The results were similar to
those described by Baxter in that those areas that had
been found to be active in PET and normalized after
successful therapy were also shown to light up during
symptom provocation.

The studies by Baxter et al. (1992) and Breiter et al.
(1996) illustrate the close connection between psy-
chology and neurobiology. This connection pervades
not only research, but also the therapy of obsessions
and compulsions. Deficits of the patients in different
areas of life often become apparent, and often for the
first time, after OCD symptoms have been contained.
These call for behavior therapy and/or insight-oriented
psychotherapy. The neurobiologically proven close
relationship between the psychological and biological
levels in obsessions and compulsions corresponds to the
closely meshed corresponding therapeutic strategies.

7.2.3 Formal Thought Disorders

Ever since the time of Bleuler (1911) and the inception
of the concept of schizophrenia, formal thought
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disorder has been conceived of as a disorder of
associative processes. These processes have been
investigated using experimental procedures concern-
ing speech production and understanding. A number
of studies indicate that in schizophrenic patients with
formal thought disorder, the access to stored informa-
tion is disturbed, whereas the store itself remains
intact. This dysfunction has been characterized in
detail by Spitzer and coworkers (Spitzer et al. 1997).
A large number of behavioral data and electrophysi-
ological experiments suggest that the focus of access to
networks of stored information is wider in patients
with formal thought disorder. This widening of the
focus leads to less precise retrieval and has been both
conceptually and experimentally related to the dopa-
minergic system.

The cognitive neuroscience view of formal thought
disorders provides a parsimonious explanation for
a number of nonrelated and unexplained clinical
phenomena, including clinical and experimental asso-
ciation behavior, temporal aspects of spontaneous
speech, the apparent contradiction of concretism and
simultaneous overabstract thinking, the apparent
“creativity” of some patients, and sound-related word
associations (Spitzer 1997a). Within a cognitive neu-
roscientific framework, these phenomena can be re-
lated to each other and to underlying neurobiological
processes. This allows for the further generation and
testing of model-driven hypotheses and for the devel-
opment of new diagnostic and therapeutic strategies
(see Maier 1998).

7.3
Brain Maps: Structure and Dynamics

The term “brain maps” relates to a number of issues in
brain research, some of them very old. Cortical areas
can be differentiated according to various criteria,
which led as early as at the turn of the century to the
publication of different classification systems for the
various parts of the cortex. The best-known mapping
was done by Brodman (1909), who employed histo-
logical differences as distinguishing features. Flechsig
(1929) differentiated cortical areas according to the
time point of their myelinization. Zilles et al. (1995)
used multiple biochemical markers.

Before the advent of noninvasive methods for
mapping cortical areas in human beings, functional
mapping of the cerebral cortex was done by means of
animal stimulation and lesion experiments. In humans,
the past 100 years of neuropsychological investigation
of patients with lesions clearly demonstrated func-
tional specialization in the human cortex. In addition,
the invasive electrical stimulation studies conducted by
Penfield and coworkers corroborated the functional

map structure of some cortical areas more than six
decades ago.

The new procedures that have been available for the
past few years have opened up the path to an entirely
new field of research into the map-like structure of the
human brain. This functional explanation of the
human cerebral cortex is a task which may take
decades and is comparable in scope to the unraveling
of the human genome (Albert 1997; Toga and
Mazziotta 1996). The immensity of this task can be
estimated by considering several plausible additional
assumptions: We may begin by assuming that the
cerebral cortex is weakly organized into modules (see
Kosslyn and Konig 1992), i.e., that a particular mental
performance can be achieved by the cooperation of
different areas, possibly as many as one to two dozen.
From a functional point of view, the cortical areas can
be distinguished either on the basis of their selective
response to certain stimuli or their activation by
certain clearly defined actions.

In this regard, the visual system is the one that has
been most studied. At least 32 different cortical areas
are now known (Felleman and van Essen 1991), which
are responsible for the function of vision. Most of these
areas have been defined electrophysiologically in
animal experiments with primates and have been
proved in humans by means of functional imaging.
The maps of animals and humans can thereby be
compared and indeed have been shown to be quite
similar (see Sereno et al. 1995).

The average size of the visual areas of primates is
170 mm®, In humans these areas are probably larger.
Thus the area V1 in a human is twice the size of the
area V1 in a monkey. If we assume the size of the
human cortex to be 250,000 mm’, the number of
different functional maps located in the human cortex
and yet to be discovered can be estimated at 735 (see
Spitzer et al. 1998). This figure is certainly the result of
a rough estimate, but it illustrates the scope of the
problem.

7.3.1 Structure of Brain Maps: Neuroplasticity

Functionally specific cortical areas are referred to as
maps because the cortex, due to its internal structure,
organizes incoming signals according to frequency and
similarity, i.e., like maps. Importantly, this order is not
static, but instead changes within certain limits
according to the input the cortex receives. This
input-driven change of cortical representations due
to a rewiring of cortical connections is called neuro-
plasticity.

Generally speaking, neuroplasticity refers to neuro-
nal reorganization that depends upon the signals from
the outside world as well as from the organism.
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Research into neuroplasticity conducted during the
past two decades impressively documents that the
brain is constantly reconstructing itself depending on
the input to be processed. It does so by building up
new neuronal connections in order to improve its
processing of incoming signals.

It is well known that neurons are post-mitotic tissue,
i.e., their cells have lost the capacity to divide. It
follows that neuroplasticity does not involve the
growth of new neurons, but instead the genesis of
new links between existing neurons (neuronal sprout-
ing). In addition, existing but nonfunctional links
between neurons - so-called silent connections - may
become functionally active. A large number of studies
in primates and humans have impressively documented
the continuous building of structures in cortical rep-
resentations dependent upon experience (Merzenich
and Sameshima 1993). For example, if a person has
learned braille, the cortical area responsible for the tip
of that person’s right-hand index finger grows
(Pascual-Leone and Torres 1993); if someone learns to
play the violin, the representation of the left hand
grows. If a synthetic inner ear (cochlea) is implanted,
the auditory processing of speech is fundamentally
reorganized on the basis of the completely novel input
signals (temporal input patterns). The subjective
hearing experience of the patients changes accordingly:
Following the operation, they hear only an unpleasant
rumbling upon listening to speech. A year later, the
majority of patients are able to carry on telephone
conversations, i.e., can understand speech without
having to lip-read.

Due to the uniform structures of the neocortex
(Nauta and Feirtag 1986), it can be assumed that
neuroplasticity also occurs during more sophisticated
mental operations, including language and thought. In
his monograph on brain plasticity, Kolb stated this as
follows:

The idea that activity might change the heart or
muscles is seldom questioned. The possibility that
behavior could change the structure and function of
the brain is seldom considered! Nevertheless, it is an
important aspect of brain plasticity. Indeed there is
little doubt that even thought can change the brain
(Kolb 1995, author’s italics).

7.3.2 Semantic Maps

When we speak or understand speech, we must learn
to refer to learned information pertaining to language
that has been stored in map-like associative networks.
The representation of the meaning of a word in such
a network can be conceived of as a “node” and by the

relationships to other nodes. In the course of under-
standing a word, for example, a node becomes
activated. This activation spreads more or less rapidly
to other nodes (see Spitzer 1996, 1997b). Thus in word
association tasks, for example (“Which word comes
to mind when you hear the word ...2”), the answers
given by subjects are often amazingly stereotypical. By
a similar mechanism, in lexical decision tasks, the
recognition time for a word is shortened if the word
has been preceded a few hundred milliseconds earlier
by a word whose meaning is represented by
a supposedly adjacent node (semantic priming effect).
Furthermore, a number of single case studies of
neuropsychological patients have been carried out
which indicate the presence of a selective naming
deficit for specific categories. For example, a patient
may selectively be impaired in naming animals, and
another may find furniture or tools or fruits difficult
to name. This can be interpreted in terms of a localized
representation of the corresponding contents, as sug-
gested by Farah and Wallace (1992). Studies of such
high-level maps have now been carried out using
functional imaging techniques (see Spitzer et al. 1995b;
for a summary, see Spitzer and Kammer 1996).

Map-like semantic networks of the kind described
above have also been generated in computer simula-
tions of neuronal networks. Ritter and Kohonen (1989)
fed sentences as input to a type of neuronal network,
which is set up to model certain features of cortical
connectivity. These networks are called self-organizing
feature maps, as their very structure leads to the
formation of representational maps of whatever input
is given to them. Accordingly, when short sentences
were given as input, the network built up an orderly
representation of words according to their semantic
similarity and grammatical category. Words that occur
in the same context (this is the case, in particular, for
opposite terms, such as “black” and “white”) were
represented close to one another (semantic mapping),
and in addition, words were represented ordered
according to whether they were verbs, adverbs, or
nouns (see Spitzer 1996, 1997b). The network thus
recognized the immanent regularity of the input and
used it for the generation of map-like order. Most
notably, this is achieved without the explicit applica-
tion of rules.

In the case of higher cognitive functions, the input of
the corresponding cortical areas arrives from other
cortical areas. This shall briefly be outlined for the
connection between the semantic lexicon and verbal
working memory, as discussed by Just and Carpenter
(1992): In order to comprehend and produce speech, it
is necessary not only to have access to stored lexical
information, but also to be able to keep this informa-
tion “online,” e.g., to construct the semantics of a
grammatically complex sentence. People differ with
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respect to verbal working memory, i.e., their capacity
to keep words in mind and construct meaningful
sentences from them. Moreover, this function is
modulated by the dopamine system (see below). This
results in considerable individual differences regarding
the capacity to process complex spoken and written
language.

The extent of neuroplasticity decreases over the life-
span of an organism. During infancy and development,
the cortex is so plastic, as shown in studies in
hamsters, that experimental detouring of visual input
to the auditory cortex prompts development there of
a visual cortex capable of functioning (Frost 1997).
Later in life, after brain development has been com-
pleted, the structure of the stored maps nonetheless
still changes throughout life according to experience.
This occurs quite rapidly in younger organisms,
slowing down with increasing age. This decrease in
neuroplasticity with increasing age makes sense, as the
following argument shows. Each organism has to learn
as rapidly as possible. Once the most essential things
have been learned, however, these memories must be
protected from an all too rapid dismissal in the face of
few newly learned opposite experiences. To quote an
example from McClelland and coworkers (1995): If you
have learned that fish can swim and that birds can fly,
you should not become confused upon first contact
with a penguin (i.e., a bird, and not a fish, that cannot
fly but can swim). Thus it is necessary for a person
who has already learned a great deal to learn more
slowly and to integrate the contents to be newly
learned with that which has already been learned.
Computer simulations of neuronal networks indicated
that this can be achieved through the circuitry of two
networks with different features. This appears to be the
case in our brains through the division of labor
between the hippocampus and the cortex informing
explicit memories of important events.

In a stable environment, older people are better
adjusted than younger people to their environment.
The decrease in neuroplasticity (and thus in learning
capacity) with increasing age is a psychosocial problem
only if the environment changes rapidly. This is the
case within the current cultural situation. The elderly
expert with his subtle experience is only seldom
needed, stability is not valued or is not even perceived,
and people can easily find themselves in a situation in
which the capabilities and values they have learned are
no longer needed and applicable. Thus, with regard to
the psychopathology of aging, problems must neces-
sarily arise when the speed of cultural change is viewed
from a neurobiological perspective.

7.3.3 Neurobiologically Motivated Psychotherapy

Within psychiatry it is important that neuroplasticity
by no means represents an empty psychopathological
term. It is actually of great practical relevance. This
shall be demonstrated by the following brief descrip-
tion of studies performed by Merzenich, Tallal, and
coworkers (Merzenich et al. 1996; Tallal et al. 1996) on
language-impaired children.

It has been estimated that 5%-8% of all children
demonstrate a slowing of information processing in
the area of early auditory signal processing. This minor
deficit is aggravated during the development of
language, as up to 85% of children may develop
reading difficulties due to deficits in decoding certain
rapid sounds (Barinaga 1996). According to the latest
studies, the primary disorder can be diagnosed as early
as the age of 2 years, i.e., even before speech has been
completely developed and long before reading instruc-
tion begins. In most cases, though, it goes unnoticed.
For example, the two syllables “ba” and “pa” differ
only in their first consonant, which in turn only lasts
a few milliseconds. If these two short consonants
cannot be analyzed quickly, higher cortical analysis
and synthetic processes are not receiving the “sharp”
input they require. The child will have difficulty
understanding spoken speech, although hearing is
not disturbed. Instead, the analysis of a rapid sequence
of temporal input patterns is disturbed.

It was shown that children were able to distinguish
between “ba” and “pa” when the consonants were
artificially temporally lengthened in an acoustics
laboratory. The children were thus able, in principle,
to decode relevant input patterns but needed more
time to accomplish the task.

When the children practiced using temporally
stretched input patterns for about 2 h per day for
several weeks, their comprehension of normally spo-
ken speech improved (Merzenich et al. 1996; Tallal
et al. 1996). Training consisted of playing on a
computer whereby the children had to learn to
distinguish increasingly rapid temporal sound pat-
terns. Skilled programming ensured that the children
were offered only those input patterns (i.e., temporal
phonetic images and other rapidly occurring temporal
sequences) which they were able to process. In
addition, the child-friendly design of the practice
sessions guaranteed the willingness of the children to
practice. Both are prerequisites for successful therapy,
as shown in the studies by Mezernich.

The studies by Mezernich and Tallal are innovative
in psychiatry insofar as here, for the first time, findings
and ideas from experimental neurobiology concerning
the determinants of cortical reorganization processes
led to the development and successful application of
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an exclusively psychological method of interven-
tion. The example thus clarifies that neurobiological
findings do not necessarily mean a reduction of ther-
apeutic strategies to biological, i.e., mainly pharmaco-
logical, methods of intervention.

7.3.4 Dynamics: Neuromodulation

A further essential functional principle of brain maps
is their modulation by the diffuse release of compar-
atively slow-acting substances (within the range of
several hundred milliseconds). Neuromodulation is
defined by Kaczmarek and Levitan (1987, p. 3) as “the
ability of neurons to alter their electrical properties in
response to intracellular biochemical changes resulting
from synaptic or hormonal stimulation.” Neuro-
modulation is different from neurotransmission, which
underlies central nervous information processing.
Neurotransmission denotes the exact, rapid transmis-
sion (in the range of a few milliseconds) of information
by glutamatergic and other excitatory and inhibitory
synapses. Neuromodulators are the very agents which
are targeted by many psychotropic drugs, the most
important being the monoamines (norepinephrine,
dopamine), serotonin, and acetylcholine. They modu-
late, i.e., fine-tune, general parameters of information
processing with regard to the demands of the envi-
ronment and the organism. In addition to regulating
the general level of activation, neuromodulators also
affect the influence of bottom-up and top-down pro-
cesses and another essential parameter of information
processing, the so-called signal-to-noise ratio (see
Cohen and Servan-Schreiber 1992, 1993). Neuro-
modulatory states correspond to subjective states of
alertness, anxiety, apprehension, depressed or elevated
mood etc. The neuromodulatory state that corresponds
to relaxed awareness and lack of anxiety, for example,
facilitates the flow of thought, including creative
remote ideas, as can be measured by the word
associating task. Results of experiments performed
by Kischka et al. (1996) suggest that in such states
dopaminergic modulation is somewhat downregulated.
When the dopaminergic tone is experimentally in-
creased, the availability of remote associations de-
creases. We already know that this is also the case in
situations of immanent threat and danger, as under
such circumstances lengthy “creative” considerations
would be a sign of poor adjustment. The rapid action
necessary in such situations requires the use of learned
and proven sequences of behavior which can be
rapidly unreeled. To sum up, the conditions of anxiety
and stress decrease creativity and imagination, which
appears to be advantageous in evolutionary terms.
However, under the conditions of life in modern
civilization, these physiological neuromodulatory

effects can be disadvantageous, e.g., within the frame-
work of taking examinations.

With regard to subjective experience, the issue of
neuromodulation is hard to pin to any of the classical
terms of psychopathology. As mentioned above, vig-
ilance and affect are likely subjective features of men-
tal processes, which can be taken as a function of
neuromodulation. The term “dynamics,” as defined by
Janzarik, appears rather well suited to characterize the
subjective side of neuromodulatory changes in the
serotonergic, noradrenergic, and dopaminergic sys-
tems.

Recent studies show that neuromodulatory systems
are not rigid and incapable of change, but respond to
experience. Animal experiments with crayfish have
shown that one single social interaction that ends
either successfully or unsuccessfully is sufficient to
reverse the postsynaptic response of a neuron to
serotonin administered exogenously (Yeh et al. 1996).
Thus, for the first time, social behavior was tracked to
the level of individual neurons and subpopulations of
receptors whose variable expression caused the differ-
ent response to serotonin. If this line of thought is
transferred to human beings, defined by Aristotle as
social animals, it appears that neuromodulatory sys-
tems may change ways of responding to the environ-
ment, ie., behavioral tendencies, according to
experience. Thus temperament and character are at
least in part shaped by the environment.

In addition, a genetically determined neuromodu-
latory setup of each individual has been assumed,
which forms the basis of the temperament of that
individual (Cloninger 1987). Individual differences in
the availability of different neuromodulators, recep-
tors, and receptor subtypes thus lay the foundation
for behavioral dispositions and ways of responding to
the environment, most notably the social environ-
ment. As shown in the above example, this foundation
is not fixed through lifetime, but is rather itself
subject to a certain amount of change driven by
experience. The concept of neuromodulation thus
yields not only the background for the therapy of
acute schizophrenic and affective psychoses, but also
paves the way for therapeutic access to temperament
and character by means of pharmacological therapy
and psychotherapy.

8
Psychopathology and Psychotherapy

Psychoanalysis was the dominant paradigm in psy-
chotherapy in the German-speaking countries 10 years
ago. This is well exemplified by the contributions of
Brautigam, Peters, Lang, Mundt (see Mundt 1989), and
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many others to models of psychopathology for mental
disorders. While psychoanalysis is still strong in
French, Italian, and South American traditions of
psychiatry, its importance has decreased both in
Germany and in Anglo-American psychiatry, where it
has been partly replaced by behavioral therapy.

Behavioral therapy has not only brought to psychi-
atry concepts of illness for well-known symptom
patterns of psychopathology that are in part new or
at least modified, it has also enriched the catalogue of
symptoms with a phenomenology developed according
to its reference framework, which has even made
inroads into psychoanalysis. Examples of this are the
theory of depression in behavior therapy and its
descriptions of obsessions and compulsions and of
phenomena related to anxiety. To give an example, in
cognitive behavioral therapy, autonomized negative
cognitions (as assessed by means of diaries), styles of
causal attribution, subjective experiences of decreased
intentional behavior, and lacking reward mechanisms
in inactivity and anhedonic behavior have been
intensively discussed. This has produced a new phen-
omenology that has made important contributions to
the well-known inventory of symptoms for these
disorders. There has been a similar development in
both the area of obsessive-compulsive disorders and,
with the refined analyses of avoidance behavior
described in the literature of the 1960s, also for
patients with anxiety disorders. Here, the descriptive
approach to psychopathological states with no influ-
ence of any traditional schools of thought may, in the
long run, help to develop hierarchies of symptoms for
specific disorders such that they can be modified by
psychotherapy. Now that Jaspers’ stratification rule has
been officially abandoned in recent psychiatric classi-
fication schemes, such hierarchies have been recon-
structed in the schools of behavior therapy. This
development may be exemplified by Linehan’s border-
line theory (Linehan 1993), where covert emotional
irritability is regarded as the basis for overt secondary
symptoms, such as reaction or coping. Similar distinc-
tions have been proposed for schizophrenia and
depression, and they are well suited for the develop-
ment of cooperative models for psychotherapy and
pharmacotherapy. The development of operational-
ized psychodynamic diagnostics within the field of
psychoanalysis mentioned above in the section on clas-
sification has also led to the systematization of psy-
choanalytical structure and conflict diagnoses, which
represent possible contributions to a descriptive psy-
chopathology.

The importance of combined psychotherapy and
pharmacotherapy and its evaluation with regard to
the patient’s psychopathological outcome is cur-
rently underscored more than ever by therapy effi-
cacy studies. These studies indicate that persistent

psychopathology - particularly psychotic and depres-
sive states - itself acts pathogenetically, contributing to
a poorer course the longer it exists. Within the neuro-
biological framework discussed above, in particular in
the light of what we know about neuroplasticity, this
epidemiological finding was to be expected. We know
from controlled therapy studies that the combination
of psychotherapeutic and pharmacotherapeutic meth-
ods is preferable to the use of either of the two
methods alone. This finding can easily be reconciled by
the neuromodulatory changes brought about via
pharmacotherapy and the ensuing neuroplasticity-
driven changes caused by normal experiences, made
possible via pharmacotherapy. Thus an idea begins to
emerge of how the various dynamic principles of
therapeutic interventions interact, of their foundation,
and of how they might possibly be optimized and
tailored to the individual needs of the patients. In the
following section, this view will be fleshed out by the
example of therapeutic intervention in acute and
chronic delusions.

8.1
Acute Delusions and Neuromodulation

Acute delusions are generally accompanied by anxiety,
distrust, and increased apprehension and vigilance
(delusional mood), which can result in the over-
interpretation of what are actually unimportant events.
Unfounded importance is given to things and events,
and things are related to one another and to the
deluded person without there being any reason to do
so. Once delusional ideas have been formed and linked
to the current motivational background of the patient,
and once their contents determined by the patient’s
prior experience are built into the remaining normal
experiences of the individual, they are then almost
immune to doubt and become chronic. Patients work
at their delusions and not only systematize their
delusions but more or less weave them firmly into the
rest of their life history. Chronic delusions are then not
so much a certain mental state, but rather a part of the
thoughts, values, world view, hopes, and goals of an
individual. Acute delusions often respond well to
neuroleptic treatment, whereas pharmacological treat-
ment of chronic delusions is extremely difficult.

The dopamine hypothesis of schizophrenia has
recently been modified. Positive symptoms such as
(acute) delusions and hallucinations are assumed to
be caused by dopaminergic hyperactivity, whereas
negative symptoms, such as blunted affect, loss of
motivation and drive, avolition, anergia, and anhedo-
nia are thought to result from dopaminergic hypo-
activity (see Davis et al. 1991). As rapid perceptions
and thoughts can only be the product of fast neuro-
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transmission, the question of how dopaminergic
hyperactivity is related to distrust, delusional percep-
tion, and delusional ideation needs to be answered by
the modulatory effect of dopamine on neurotransmis-
sion. It has been proposed that a decreased dopa-
minergic tone results in a decreased signal-to-noise
ratio in glutamatergic and GABAergic neuronal net-
works. As mentioned above, the parameter of the
signal-to-noise ratio modifies the width of the focus of
the activation of information stored in neuronal
networks. If the signal-to-noise ratio is low, the access
to stored information is unreliable. This unreliability,
however, bears the advantage that unusual asso-
ciations may be activated. Thus the probability is
increased that remote and sometimes even “creative”
ideas may occur. As has been demonstrated by neural
network simulations, neuromodulatory states of low
signal-to-noise ratios lead to an increased probability
of changes in the stored content (increased neuro-
plasticity; see Spitzer et al. 1995a). Conversely, if the
signal-to-noise ratio is too high, although the retrieval
of stored information will occur with great reliability,
the probability of changes in the network will be small.
Moreover, under conditions of high signal-to-noise
ratios, small environmental signals may be amplified
such that even meaningless events become subjectively
experienced as meaningful. Once meaning has been
attributed to minor events through such processes, it
may further affect perceptual and thought processes.
The high signal-to-noise state of modulation further
prevents the activation of alternate hypotheses, inter-
pretations of events, and “world views” and thus any
possibility of their consideration. This state therefore
causes limitations in the width of processing, a
narrowing of the contents of consciousness. Finally,
as discussed above, a high signal-to-noise neuromod-
ulatory state does not favor change. Hence, delusions,
once developed, will not easily be changed by expe-
rience.

In high signal-to-noise neuromodulatory states, the
probability of unusual, indirect associations becoming
active, i.e., the possibility of creative problem-solving,
is decreased. This has been demonstrated directly in
word association experiments: In normal subjects,
stress and anxiety lead to an increase in standard
associations (e.g., black/white, mother/father) and thus
to a decrease in unusual associations (Mintz 1969).

8.2
Chronic Delusions and Neuroplasticity

Neuroplasticity occurs throughout the entire lifetime
of higher organisms. As far as self-organizing maps, in
which representations of the external world at different
levels of abstraction have been constructed and

maintained in an orderly fashion, are implemented in
the cortex, chronic delusion can be conceived of as
deformations of cortical, high-level, map-like repre-
sentations.

The term “structural deformation,” coined by
Janzarik, is indeed used in an almost identical way
by neurobiologists to label dynamic neuroplastic
changes (see Merzenich et al. 1988, Pascual-Leon and
Torres 1993). It must be assumed that - similarly to
what has been proved for somatosensory maps -
input-driven enlargement and diminution of certain
representations occurs in high-level multimodal corti-
cal areas.

Once such deformations have occurred, they cannot
easily be reversed. As stored information, they are
anchored as strongly as other memory content; how-
ever, due to the substantial emotional participation in
their genesis, they are anchored even more strongly.
Psychological research has long known that, in the face
of contradictory evidence, even healthy individuals are
slow to change their attitudes, if at all. Furthermore, it
is also known from experience in clinical psychother-
apy that important changes in our views of things are
often accompanied by anxiety. This is particularly true
for delusional individuals with their already strong
tendency toward anxiety. As a consequence, chroni-
cally delusional patients experience anxiety in the face
of confrontation, even after the acute neuromodulatory
changes have faded away or have been successfully
treated. This in turn leads to an increased rigidity of
the maps, particularly during confrontation with
contradictory evidence.

8.3
Psychotherapy and Pharmacotherapy

The discussion of acute and chronic delusional phe-
nomena within the cognitive neuroscience framework
in terms of the principles of neuromodulation and
neuroplasticity has practical consequences for the
therapy of these disorders. Thus it is generally known
that acute delusions respond relatively well to neu-
roleptic treatment, whereas chronic delusions do not.
This is due directly to the fact that neuroleptics
influence only the changed neuromodulatory states
without having any direct influence on the deforma-
tions of long-term representations stored in cortical
maps. In order to change these representations, new
experiences by the patient are needed. A dull psy-
chosocial environment can contribute as much to
chronicity as inadequate medication can. This thera-
peutic consequence results from the neurobiological
view of chronic delusions discussed. It is important to
note that the neurobiological framework suggests not
only pharmacotherapy alone, but also “milieu therapy”
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in order to ensure new experiences in an environment.
These must furthermore be as free of anxiety as
possible. In other words, according to the model
proposed here, the chronically delusionally ill benefit
from neuromodulatory changes (pharmacologically or
psychologically induced) only if their social environ-
ment changes for the better such that new healthy and
normal experiences become possible.

9
Conclusions and Outlook

Clinical psychopathology, as far as it works with
intuitively generated concepts and descriptions, will
become of historical interest only. It will be superseded
by neurobiologically derived terms and categories. The
polemic debates on scientific methodology prevalent in
the 1970s have given way to a methodologial pluralism
rather than dogmatic, pretentious statements. In addi-
tion to what may be called “classical” psychopathol-
ogy, which might also be described as macro-
psychopathology, empirical research will pin down
and standardize the signs and symptoms of neurobio-
logically distinct states. The focus of research has thus
shifted from the context of the individual life history of
the patient to functional neurobiological mechanisms of
pathology. This development has brought psychopa-
thology (Andreasen 1997; von Praag 1998) back to the
science of medicine, with the consequence of improved
communication between medical specialties at the
expense of decreased contact with the humanities, as
represented by historians of psychiatry (Berrios and
Porther 1995; Ballerini and Stanghellini 1993). None-
theless, the life history of the patient is still an issue in
emotions research and other research areas at the
border of psychiatry and psychology. Future develop-
ments in the area of “classical” psychopathology are
hard to predict. It appears to have become somewhat
stuck, but may enjoy a renaissance, e.g., in connection
with psychotherapeutic evaluation research.

There is currently no doubt that the greatest
enthusiasm is generated by the “cognitive neurosci-
ences” as the successors to classical psychopathology.
These sciences of the mind have surmounted the
methodological dualism and have integrated biological
function and subjective experience. Their goal is to
understand brain functions and subjective experience,
and their methods, in particular functional neuro-
imaging techniques, have great potential for innova-
tion. Nothing can better express the enthusiasm of this
research approach and the belief in the integrative
power of its methods than a quote from Eric Kandel
(1991, p. 1030):

The boundary between behavioral studies and biol-
ogy is arbitrary and changing. It has been imposed not
by the natural contours of the disciplines, but by the
lack of knowledge. As our knowledge expands, the
biological and behavioral disciplines will merge at
certain points, and it is at these points that our
understanding of mentation will rest on secure ground.

It remains for the future to show whether this
enthusiasm can deliver what it has promised, and to
what extent the field of psychiatry within medicine can
account for all aspects of the mental life of human
beings.
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1 .
Introduction

Most of clinical psychiatry is about individuals.
However, when these individuals are considered
collectively, looking for general patterns, we enter
the field of epidemiology. In his Herter Lectures at the
Johns Hopkins University, Greenwood (1931) gave the
most succinct definition of epidemiology as “the mass
aspects of disease.” The word comes directly from
emidnuios (epidimios), meaning a disease that is
“prevalent among the people”, compounded from gni
(epf, upon or among) and dnpo¢ (dimos, the people in
a district or country). It is the business of psychiatric
epidemiology to determine the distribution of mental
disorders in populations rather than in individuals, the
factors determining that distribution and measures
that may help in prevention. On the one hand,
everyone is unique, each individual having his or her
own genetic endowment and life experiences. Such an
idiographic paradigm is balanced by the epidemiolog-
ical one, which is a nomothetic paradigm because it
searches for recurrent and predictable patterns in the
whole of humankind. In this search, there are five
fundamental requirements: a hypothesis, a population,
specification of the psychiatric disorders to be inves-
tigated, specification of variables that may contribute
to their onset or their outcome and scientifically
adequate instruments for measuring these. The en-
quiry can be cross-sectional, examining the situation at
one point in time, or it may be longitudinal, measuring
change over a certain time period and trying to
determine what brings about that change.

J.N. Morris (1957) described seven uses of epidemi-
ology in his celebrated monograph bearing that title.
Although this work has been repeatedly quoted, it has
not yet become trite. It provides a framework for
assessing the current state of psychiatric epidemiology
in relation to current national and global conditions
and to the experience of clinicians.

The first use of epidemiology is the historical study
of the health of communities and of the rise and fall of
diseases in the population, with the possibility
of projections into the future, e.g. the incidence of
schizophrenia may be declining and the disease may be
becoming more benign in its clinical course; depres-
sive disorder may have become more frequent in
young persons (their suicide rate has indisputably
increased in many industrialised countries); it is likely
that eating disorders have increased in frequency; and
it is certain that the use of heroin and the acquired
immunodeficiency syndrome (AIDS) epidemic with its
neuropsychiatric sequelae are new arrivals and will be
a continuing burden.

A second purpose is community diagnosis, in which
estimates of morbidity are obtained at the general
population level, and not just in individuals reaching
professional services. Recent examples are the National
Comorbidity Study in the the United States (Kessler
et al. 1994) and the Survey of Psychiatric Morbidity
in the United Kingdom (Jenkins and Meltzer 1995;
Jenkins et al. 1997a,b).

A third purpose is the study of the working of health
services, starting by determining needs and resources,
then analysing services currently in action and finally
attempting to evaluate these services.

A fourth use is of direct value in clinical practice and
consists in using the population data to hand to
estimate an individual’s chances of developing a
particular disease, or of recovering or of relapsing,
e.g. if the annual incidence rate for schizophrenia is
known in a population, and if this information is age
specific, it is possible to estimate the probability that a
person aged, say, 20 years, will develop this disorder
within the next 12 months. This is the base rate, before
one starts to consider risk factors such as family
history. Likewise, if the lifetime prevalence of schizo-
phrenia is known, the chances of an individual
developing the disease at some stage in life is also
known. By aggregating data on the course of schizo-
phrenia in treated sample populations, it is possible to
estimate the chances of recovery or partial recovery for
a person who has just had a first episode. The central
issue is that data on large numbers of subjects are used
to make a probability estimate for individuals.

The fifth use is a particularly attractive one: to help
complete the clinical picture. By this, Morris meant
knowing about all presentations and stages of a disease
and then relating subclinical cases to fully developed
ones. An excellent example here would be anxiety or
depressive states that are to be seen in general practice
or field surveys, compared to the more severe syn-
dromes specified in the international criteria and
encountered by mental health staff.

The sixth use of epidemiology is to identify syn-
dromes by examining the distribution of clinical
phenomena occurring in sections of the population.
This fits well with recent experience of repetitive strain
injury, chronic fatigue syndrome and post-traumatic
stress disorder or its congeners.

The seventh use of epidemiology is the most
appealing of all: “the search for causes of health and
of disease, starting with the discovery of groups with
high and low rates, studying these differences in
relation to differences in ways of living; and, where
possible, testing these notions in actual practice among
populations.”

To Morris’s seven uses of epidemiology, a further
use should be added, namely, prevention, which Ernest
Gruenberg (1966) referred to as its “ultimate service.”
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Epidemiological research has had some successes.
The more basic, so-called descriptive studies were
valuable in demonstrating that mental disorders occur
not only in institutional settings, but also to a
substantial extent in all general populations. This has
helped the governments of many countries to realise
that better services are needed for people with mental
disorders, particularly in the community, where the
bulk of morbidity occurs. Some scientifically more
advanced studies, known as analytic epidemiology,
have made major contributions. For example, in
schizophrenia, a slight excess of births in the late
winter and early spring was observed. This was
followed by an association being found between
maternal influenza in the second trimester of preg-
nancy and subsequent development of schizophrenia
in offspring. A separate observation was that the
median age for the onset of schizophrenia is about
5 years later in women than in men. This led to a
painstaking search for possible social and biological
explanations, as reviewed by Jablensky (1995). Another
remarkable achievement was the International Pilot
Study on Schizophrenia (WHO 1973; Leff et al. 1992)
and the subsequent follow-up entitled the Determi-
nants of Outcome in Severe Mental Disorder (Jablensky
et al. 1992). These international projects, conducted
through the WHO across many regions, have shown
that schizophrenia is ubiquitous; presentation is
similar throughout the world, while its prognosis
tends to be more favourable in less industrialised
countries. In the epidemiology of Alzheimer’s disease,
identification of several risk factors was achieved
through case-control studies. The association with
Down’s syndrome provided a lead for molecular
geneticists to focus on chromosome 21 and the
mechanism for formation of amyloid precursor protein
in Alzheimer’s disease.

It is very desirable for clinicians to be vigilant for
unexpected opportunities to carry out epidemiological
studies. These may arise when a population is recog-
nised to have some relatively uncommon attribute that
could throw light on aetiology or on outcome. Such
attributes may be strikingly high or low rates for
some group of disorders. Alternatively, the attributes
may consist in a certain type of exposure, past or
present, that putatively increases the incidence of a
particular mental disorder. An example is the recent
investigation by Susser and Lin (1992, 1994) on the
incidence of schizophrenia in the offspring of women
exposed to the Dutch Famine of 1944 or studies
of communities exposed to an earthquake (Carr
et al. 1997).

In the development of administrative policy and the
need for services for the mentally ill, epidemiological
studies have at times provided powerful evidence for
advocacy purposes. The Epidemiologic Catchment

Area (ECA) Studies (Robins and Regier 1991) and
the later National Comorbidity Survey in the United
States produced estimates of the frequency of mental
disorders which have done much to promote mental
health issues in many countries. The latter study found
that nearly 50% of respondents had experienced at
least one psychiatric disorder in their lifetime, and
nearly 30% had had at least one in the previous
12 months. Of this group with a recent disorder, less
than 20% had had some form of professional treat-
ment. The most common conditions were anxiety and
affective disorders, with 12-month prevalence rates of
17% and 11%, respectively. An important finding was
the extent of comorbidity, here meaning the occur-
rence of two or more psychiatric disorders in an
individual over his or her lifetime. It was found that
the major burden of psychiatric disorder was concen-
trated in about one sixth of the population.

Epidemiology can be abused or misused. This
happens under four broad circumstances. First, health
administrators may sometimes mistakenly accord
great value to obtaining local or regional data on the
pattern of morbidity in their own community. When
human and financial resources for mental health
services are scarce in a region, it can rarely be
justifiable for these to be deployed in obtaining data
when the extent of unmet need is already obvious. The
repetition of prevalence estimates in many countries is
probably unnecessary. The second category is common
to all research and is found when the scientific quality
of research is so deficient that its findings are
worthless. This can be called “feckless research” and
is a waste of resources and time, including that of the
subjects themselves. The third form of abuse occurs
when an epidemiological study is limited to an
enumeration of cases, a so-called “nose count”,
without testing any hypothesis. Such work can be
described as “fancy that!” research, because the
findings are unremarkable or even self-evident, doing
nothing to advance knowledge. The fourth abuse
consists in fieldwork being carried out in a clumsy
manner, so that the individuals interviewed obtain no
benefit from this unsolicited intrusion on their lives.
Unlike patients, members of the general population
who are interviewed in epidemiological surveys have
not sought to be examined about their mental health.
They therefore need to be competently interviewed
with absolute guarantee of confidentiality (see below).
It is nevertheless reassuring to know that the effect of
mental health surveys on respondents has been
systematically investigated. Only a tiny minority say
they found the interview upsetting, and these
were individuals who were already known to score
highly on the trait of neuroticism. The overwhelming
majority did not resent the experience, and many
enjoyed it.
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2
A Matrix for Organising
Epidemiological Knowledge

In order to organise knowledge about the epidemiol-

ogy of mental disorders, it is useful to use a matrix
(A.S. Henderson 1988), in which the main categories of

Table 1. A matrix for organising epidemiological knowledge

mental disorders are listed across the top to form the
columns, while the rows are made up of those variables
that may contribute to the onset or course of morbidity
(Table 1). This matrix proves to be a tidy way of
organising what information is already available; but it
also acts heuristically by proposing associations that
otherwise might not have been considered but which
call for investigation. The variables can be placed in
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categories: sociodemographic, experiential, intraper-
sonal (psychological) and biological.

The alert observer will notice that the matrix has a
limitation, because it only has two dimensions, i.e. it
does not display interactions between two or more
variables, interactions which can be of the greatest
importance. Examples are the interaction between age
and gender in the onset of schizophrenia, or the
combination of adverse parental style in childhood,
adverse life events in adult life and a genetic vulner-
ability to affective disorders. In order to consider such
interactions, users of the matrix need to select their
own combinations. It is also desirable for the user to
construct his or her own additional variables to suit
the community in which the research work is being
planned.

For many of the cells in Table 1, knowledge is
already available in the literature, e.g. issues such as
socio-economic class and schizophrenia, education
and dementia or secular change and affective disor-
ders. What is conspicuously lacking in psychiatric
epidemiology is information on higher-level interac-
tions such as gender, adverse experiences and genetic
vulnerability.

3
Levels of Epidemiological Enquiry
into Psychiatric Disorders

Psychiatric epidemiology conducts its enquiries at one -

of three levels: (1) morbidity as it occurs in the
community or general population, (2) morbidity as it
occurs in primary health care (including family
physicians) and (3) morbidity as it occurs in mental
health services. Each offers advantages for particular
purposes, and these may be summarised as set out in
Table 2.

From Table 2, it will be clear that research on
aetiology may often be carried out with advantage at
the community level rather than on treated series,
because there are less likely to be biases in a
community sample, particularly in relation to likeli-
hood of exposure to putative risk factors. This can be
important in avoiding Berkson’s bias (Berkson 1946),
whereby some other variable, unrelated aetiologically,
may influence the chances of a person reaching
services. The unaware researcher might then mistak-
enly conclude that this variable contributed causally.
Such biases are absent in community samples. Such
samples also cover a wide range of severity, whereas
cases of depressive disorder, for instance, will be only
of the severe type in hospital or clinic series. Never-
theless, community samples have their own problems.

Table 2. The three population levels

They are laborious and costly, requiring sufficient
trained personnel to contact and interview hundreds
and commonly thousands of individuals in their own
homes. Invariably there are refusals and people who
cannot be contacted, and it is likely that the very
condition being investigated will be more common
in such cases. This is called “non-ignorable non-
response” and is itself a topic of some scientific and
statistical interest, the issue being how to correct for it
in computing estimates of prevalence or incidence or
of outcome.

4
Commonly Used Designs

The main designs used in psychiatric epidemiology are
cross-sectional, prospective longitudinal (cohort) and
case-control studies. A cross-sectional study is often an
excellent start to an enquiry, because it provides a
picture of how much morbidity is present in a sample
at one point in time and the variables most closely
associated with this. However, because it is only a
“snap-shot”, the cross-sectional study can rarely reveal
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much about aetiology. For example, suppose that data
are collected from a community sample of a thousand
adults and that a measure is obtained of the symptoms
each has experienced in the previous month and the
exposure they have had to adverse life events in the last
year. Then suppose that the data show quite strongly
that individuals who have had many adversities also
tend to have more symptoms of anxiety or depression
than those not so exposed. It would be unwise to
conclude from this that adversity contributes to the
onset of symptoms. This is because individuals with
anxiety or depression may be more likely to have
unpleasant things beset them, or they may be more
likely to report that they have had many troubles,
either because of a tendency to complain or as a result
of “effort after meaning”, whereby they can account
for feeling psychologically unwell. It may also be that
individuals who have certain personality traits or
lifestyles may be more likely to have troubled lives with
much adversity and be prone to anxiety or depression.

Such problems in methodology can be resolved to
some extent by graduating to a prospective longitu-
dinal design, also called a cohort study. In this, a
population sample is assessed at the start, when
most individuals are psychologically well. The infor-
mation obtained from these subjects is therefore
unlikely to be biased by their mood state or by
selective recall. It may refer, for example, to their per-
sonality, lifestyle, recent or past exposure to adver-
sity, past health and family history. They are then
re-examined at least once after an appropriate
interval. Some will have developed symptoms in
the area of interest. The research question to be
asked is whether the potential risk factors that were
assessed at the start were more frequently present in
those who developed the symptoms. A design of this
type yields considerably more information about the
processes likely to be at work, either those leading to
mental disorders or those protecting against them.
However, such a study design is obviously very
demanding in human, administrative and financial
resources. It also takes a long time to obtain all the
data. For these reasons, epidemiologists often use the
case-control method.

The case-control method has been under-used in
psychiatric research, but can be a powerful strategy in
trying to identify risk factors for a specified disorder.
The essence of its design lies in obtaining data to
complete a 2 x 2 table, defined by individuals with and
without the condition in question and whether or not
they have been exposed to a suspected pathogenic
experience (Table 3). Notice that the cohort study is
prospective, because it waits for morbidity to develop.
By contrast, the case-control study is retrospective.
The procedure involves finding a sample of individuals
with the disorder in question, preferably new or

Table 3. A 2 x 2 table in a case-control study

Letters refer to number of individuals.

incident cases, and a similar number of subjects who
are matched for age, gender and other variables but
who do not (or not yet) have the disorder. Both
patients and controls, or their families, are then asked
about the various possible risk factors. The question
asked is whether there are more subjects in cell a than
would occur by chance. We do not know the incidence
of the disorder in all individuals in the population who
were exposed to each risk factor, nor do we know the
number not exposed. Likewise, we do not know how
many people in the population have recently developed
the disorder. As a consequence, we cannot compare the
incidence in those exposed and not exposed for
the whole population. All we have are the data from
the patients examined, who are necessarily only a
fraction of all incident cases in the population, and
data from a fraction of all healthy subjects. However,
we can proceed as follows. First, the relative risk is
calculated from Table 3:

Relative risk a . ¢
ive risk = —— =~
a+b c+d

By simple algebra, this becomes

a(c+d)
cla+Db)

Then something very helpful can be done. Where a
disorder is fairly uncommon in the general popula-
tion, a will be very small in comparison with b and ¢
will be small in comparison with d. If we assume a
negligible contribution by a in the term (a+b), and by
¢ in the term (c+d), the relative risk will be nearly
equal to:

axd
bxc

This is the odds ratio, which is an expression of the
strength of a risk factor. A more complete account of
these issues can be found in Schlesselman (1982). By
way of an overview, Anthony (1988) has given a lucid
exposition of the use of case-control methods in
psychiatry.
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5
Sampling

5.1
Principles

There are few occasions when it is practicable to
examine a total population. In studies at the general
population level, this would mean carrying out an
assessment of every individual in, say, an entire city or
region. In a primary health care setting, it would mean
assessing every person who consults staff in every
facility during a specified period. In a case-control
study in clinics or hospitals, it would mean examining
every individual who presents with a specified disorder
in all of the clinics across a whole country, as well as
examining an equivalent number who do not have that
disorder. The solution is to take a sample of the group
under investigation. The essential principle is that
everyone in the true denominator, i.e. the total popu-
lation within a specified age-range, must have an equal
probability of being included in that sample or, if there
is to be weighting, a known probability. If this is not
achieved, there is a distinct likelihood of bias, whereby
the achieved sample may be different in ways that could
be important in the analysis. For example, the sample of
cases should not differ from all the incident cases in that
population in attributes such as the severity or duration
of the disorder or in level of education, age or likelihood
of having been exposed to a candidate exposure or risk
factor. Thus, in a study of the association between
childhood sexual abuse and depression in adult life, the
cases of depression should be representative - in
severity, duration of depression and likelihood of
exposure to abuse - of all those in the community with
depression. The same principle of equivalence should
apply to the controls without depression.

5.2
Non-Ignorable Non-Response

In field surveys, it has long been accepted that not
everyone who is in the “target sample” will agree to
be interviewed or will be available at the time the
interviewer calls. It is common to find that only
70%-90% are actually assessed. Furthermore, those
who refuse or are repeatedly not available are now
known often to be more likely to have the mental
disorder under investigation. Next, in many cohort
studies of mental disorders in which a sample of
individuals are followed over several years, it is
recognised that those who die are more likely to have
already had the condition under study at the beginning
or to have developed it during the course of the study.

This means that those who are successfully re-exam-
ined are a survival élite or are different in important
ways from the original cohort. These distortions could
lead to mistaken conclusions if the losses are not
allowed for.

Statistical methods have been available for many
years for estimating how much error may have
occurred due to refusals and how to correct for this
in the conclusions drawn. In cross-sectional surveys,
these methods include the introduction of special
incentives to increase the response rate and very brief
psychiatric assessments that can be conducted on the
doorstep. The information obtained then allows some
correction through the application of weights to the
data from the achieved sample (Kessler et al. 1995).
Both in cross-sectional and in cohort studies, Bayes’
theorem can be applied, whereby adjustments to the
final estimates can be made on the basis of prior prob-
abilities, some of which are known (Best et al. 1996).

6
Specifying Disorders

6.1
Diagnostic Categories

Whether the epidemiological study is conducted at the
level of the community, primary health care or mental
health services, it is obviously essential to specify
which symptoms or diagnoses are to be studied.
Traditionally, psychiatric research has focused on
“cases”, i.e. individuals who have been given a
diagnosis. This is entirely appropriate in many
circumstances. The task has been made much easier
with the development of the diagnostic criteria now in
wide international use. The first of these is the
International Classification of Diseases (Tenth Revi-
sion) (ICD-10) with its Classification of Mental and
Behavioural Disorders. This comes in two mutually
complementary presentations: the Clinical Descriptions
and Diagnostic Guidelines (WHO 1992) and the
Diagnostic Criteria for Research (WHO 1993). These
sets of diagnostic criteria have been prepared after very
wide consultation with expert psychiatrists in some 40
countries. They therefore represent an international
consensus. Furthermore, the Diagnostic Criteria for
Research have been used as the basis for diagnostic
instruments that have computer algorithms to apply
the criteria, precisely and invariably, to the informa-
tion obtained (see below).

Another system is presented in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) of the American Psychiatric Association
(1994). This is a national development that is used
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throughout the United States and quite widely else-
where. Through a process of extensive consultation that
took place between the WHO and the architects of the
DSM-1V, it is very similar to ICD-10, and “cross-walks”
have been developed to allow movement between them
for individual diagnoses. Together, ICD-10 and DSM-
IV have brought a common language to clinical
psychiatry and research. When authors submit a paper
to a reputable scientific journal, it is now virtually
mandatory that the disorders are described according
to one or both systems. Indeed, it is highly desirable
for investigators to use both simultaneously, because
this carries distinct advantages for the analyses and for
further knowledge to be acquired about the perfor-
mance of ICD-10 and DSM-IV as diagnostic systems.

6.2
Continuous Measures of Morbidity

Case ascertainment might be assumed to be the sine
qua non for any progress in the epidemiology of
mental disorders, i.e. to recognise cases. However,
using the traditional expression “case ascertainment”
nicely illustrates the very problem that has to be re-
thought, because it implies a categorical structure in
the morbidity that we wish to study. In a population,
there are traditionally cases and non-cases. As
expressed by Pickering (1968), “medicine in its present
state can count up to two, but not beyond.” He was
referring to hypertension, but others (e.g. Rose 1993)
have argued that most mental disorders are dimen-
sional in their nature. The frequency distribution of
their component symptoms, such as anxiety, depres-
sion or cognitive impairment, is usually a reversed
J shape, with most people having none or only a few
symptoms, and progressively fewer individuals having
higher counts. A committee of clinicians in Geneva or
Washington, whose experience is often limited to
hospital and consulting room practice, have decided by
consensus where the cut-off point should be placed
for individuals to be “cases”. While this is entirely
appropriate for some purposes, it may not always be a
true representation of the world. In statistical terms, it
can sometimes lose information.

It is not disputed that disorders of mental health
exist in categorical states or at least have some
utilitarian value; a depressive episode, Alzheimer’s
disease, anorexia nervosa and alcohol dependency are
clinically realistic entities, albeit not necessarily uni-
tary ones. What is proposed here is that, in epidemi-
ological studies at the general population level,
hypotheses about aetiology are not well served unless
very large numbers of respondents are interviewed,
solely because the base rates for these conditions are
not large. However, it is possible to identify individuals

with some symptoms of depression, of cognitive
impairment, of abnormal eating or of alcohol misuse,
and a score of these symptoms can be made the
dependent variable in an analysis of candidate risk
factors. In other words, it can sometimes be statisti-
cally more powerful to look for associations between a
putative risk factor and morbidity expressed as a
continuous variable rather than as a dichotomy of
cases and non-cases. Rose and colleagues confirmed
that, when a continuous measure, such as the General
Health Questionnaire (GHQ; Goldberg and Williams
1988) is applied to a population, a unimodal distribu-
tion curve is found, with no break between so-called
cases and so-called normals. Rose went on to argue
that this approach has three important consequences
for studying morbidity. Firstly, a characteristic of the
community as a whole emerges. This is the mean and
standard deviation of its GHQ scores. Secondly, this
collective characteristic may show large differences
between men and women, geographic regions, social
strata and income groups. These differences are based
on shifts of the entire distribution. The third conse-
quence is that differences between these groups in the
prevalence of probable cases (those with a score above
a threshold) are related to different average scores in
these groups. As Rose put it, “the visible part of the
iceberg (prevalence) is a function of its total mass (the
population average).”

Rose went on to say that “psychiatrists, unlike
sociologists, seem generally unaware of the existence
and importance of mental health attributes of whole
populations, their concern being only with sick indi-
viduals.” It is an appealing notion that populations,
while they are undeniably made up of individuals and
as far as we know no other component, take on
properties of their own, much as molecules have
attributes not found in their constituent atoms. The
concept of populations having different frequency
distributions of morbidity, and not just different
prevalence rates for clinical cases, carries with it the
implication that one or more factors are shifting the
overall distribution in some populations but not in
others. The idea is that there is some pervasive force
that is active in the biological or social environment
and that promotes a disease or disorder. This notion is
not far removed from Galen’s atmospheric factor, the
katastasis or miasma.

6.3
Disablement

There is a further advantage in considering morbidity
as a continuum in a population. Morbidity usually
refers to symptoms or disorders, but there is another
universe of discourse closely linked to this, namely
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disablement. This is the collective noun now used to
refer to the impairment, disability and social role
handicap in daily life that disorders bring with them. It
is self-evident that the main categories of mental
disorder, especially the psychoses, affective disorders
and dementias, are almost always associated with
substantial disablement. However, subclinical levels of
mental disorders also carry with them a certain
amount of disablement. From the point of view of a
whole population, the amount of disablement from
subclinical or milder conditions is cumulatively
substantial. This is because such conditions have a
high point prevalence. Therefore, from a public health
perspective, the significance of milder mental disorders
is not trivial.

7
Independent Variables: The Domains

The independent variables are traditionally those that
are possibly associated with, or even contribute
causally to the dependent variable, which is a psychi-
atric disorder or symptom score. Such variables can lie
in several domains: sociodemographic, socio-environ-
mental experiential (both past and current), psycho-
logical or biological. They can, of course, be a mixture
of any of these, in which case the variables are said to
show an interaction effect, either within or across
domains. Psychiatric epidemiology has attended lar-
gely to sociodemographic, socio-environmental and
experiential variables, as exemplified respectively by
the celebrated studies of Faris and Dunham (1960) on
the spatial distribution of patients with schizophrenia
in Chicago, which showed a concentration in the
central areas with cheap, single-room occupancy
hotels; the Stirling County Study in Canada by
Leighton et al. (1963a,b) with its concept of sociocul-
tural disintegration; and the corpus of studies by
Brown and colleagues on adverse life events, the
presence of a confiding relationship, early childhood
experiences and depression in women (Brown and
Harris 1978). Psychological attributes such as person-
ality or other indicators of vulnerability or resilience
have been much less studied epidemiologically. Bio-
logical variables, including genes, are largely an
untapped field, awaiting investigators with innovative
hypotheses to integrate several of the above domains.

Recent years have seen unprecedented advances in
molecular genetics with intense activity directed
towards the genetic contribution in affective disorder,
schizophrenia, alcohol dependency and Alzheimer’s
disease. There is good reason to believe that some of
these advances, both in scientific understanding and in
new methods for genetic analyses, may bring unpar-

allelled opportunities to psychiatric epidemiology. It is
therefore important that psychiatrists and epidemiol-
ogists now collaborate with experts in human genetics
to construct testable hypotheses in which genetic
measures can be considered alongside, and in interac-
tion with, other markers of vulnerability. In this
context, two complementary strategies could be
followed. The first consists in a continuing search for
genes associated with discrete disorders such as
depression or schizophrenia, a search carried out at
the general population level or in high-risk groups.
The second strategy is quite different and involves
searching not for genes that may cause the disorders,
but for genes that confer vulnerability to them. Because
such an approach is well suited to epidemiological
designs, we shall look more closely at the thinking
behind it.

Cloninger et al. (1996) have commented on the
difficulties of replicating genetic associations with
complex psychiatric disorders and have argued that
“it may be more fruitful to map genes contributing to
temperament, which has a relatively simple genetic
architecture and can be quantified easily and reliably
by questionnaire. Later, susceptibility to complex
disorders like schizophrenia and alcoholism can be
evaluated.” One such attribute of temperament is the
trait of neuroticism. This is a personality dimension
characterised by a greater or lesser tendency to react
emotionally to adverse stimuli, i.e. to get upset under
stress. Because neuroticism is a relatively stable trait in
contrast to the fluctuating nature of anxiety and
depressive disorders, it provides a good basis for
genetic investigation of the vulnerability to these
disorders. Using longitudinal twin data, Kendler et al.
(1993) found that approximately 55% of the genetic
vulnerability to major depression is shared with
neuroticism. The broad-sense heritability of neuroti-
cism has been estimated to be about 0.42. There is
some evidence that heritability is higher in women
than in men and that it decreases from late adolescence
to early adulthood.

While quantitative genetic studies have established a
role for genetic factors in neuroticism, new develop-
ments in molecular genetics make it possible to go
further and seek particular loci linked to such traits.
Until fairly recently, molecular genetics techniques
were mainly applied to categorical disorders thought to
involve a single gene. However, psychological variables
such as neuroticism form a continuum in the popu-
lation and probably involve many genes, each of which
is neither necessary nor sufficient for the trait. In
recent years, there has been increasing interest in
genes that contribute to variation in quantitative traits,
of which neuroticism is one example. Quantitative

trait loci (QTL) may vary in the size of their effect on a

trait from infinitesimally small to modest. The aim of
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current QTL research is to find the loci which have the
largest effect.

There are a number of techniques available for the
study of QTL, including linkage analysis in families,
allele-sharing methods between relatives, association
studies in population samples and experimental
crosses in laboratory animals. The allelic association
approach has greater statistical power than either
conventional linkage analysis or allele-sharing meth-
ods to detect genes with small effect and, despite some
limitations discussed below, it may be the most
effective approach for QTL detection. It is argued that
allelic association studies are at present the strategy of
choice for detecting quantitative trait loci. Because a
large number of candidate markers are being investi-
gated, there is a risk of type I errors. In order to reduce
these, the search for allelic associations can be carried
out with an original community sample comprising the
top and bottom 5% of the total distribution and a
replication sample covering the top and bottom 1%.

The first studies on QTL for personality traits have
now been reported. Using an allelic association meth-
odology, Ebstein et al. (1996) found an association
between the trait of novelty seeking and the D4
dopamine receptor gene. Benjamin et al. (1996), using
both population and sib-pair association methods,
found an association between extraversion and the
same gene. Other candidate genes are now being
examined. This work is a landmark in the study of
personality, demonstrating for the first time that there
is a specific biological basis for variation in a person-
ality trait. It also marks a new era in psychiatric
epidemiology in which it should be possible simulta-
neously to include biological, intrapersonal and social
variables in aetiological research.

8
Instruments

Instruments fall into two types: symptom scales and
psychiatric examinations. In any one study, either or
both may be used, depending on the investigator’s
aims and resources.

8.1
Symptom Scales

The more simple type of instrument is a symptom scale,
which can be completed by respondents themselves or
administered by the interviewer. Widely used examples
are the GHQ (Goldberg and Williams 1988), the
Hopkins Symptom Checklist (HSCL; Derogatis et al.
1974) and the Mini-Mental State Examination (MMSE;

Folstein et al. 1975). The GHQ and HSCL cover
symptoms of anxiety and depression and are therefore
useful for obtaining a continuous measure of these,
expressed as a score; alternatively, they can be used as a
screening instrument to identify those individuals in a
sample who have a high, or low, probability of having
a mental disorder. In an analogous manner, the MMSE
can provide a score for a person’s cognitive function or,
by applying a previously established cut-off point to
that score, it can be used to identify those who are likely
to have a dementia (Brayne and Calloway 1990; A.S.
Henderson et al. 1994).

When a questionnaire or self-rated instrument is
used in research, its psychometric properties should be
known beforehand, and these are often specific to the
population being studied. Variables such as cultural
patterns and education can have a significant effect on
the instrument’s performance. The two properties to
be established are its sensitivity and specificity, both
expressed as a percentage. These refer to the instru-
ment’s performance when compared with a criterion
or “gold standard”, such as a comprehensive psychi-
atric examination of established validity or a con-
sensus diagnosis amongst experts. In Table 4, a sample
is shown of individuals examined both by the screen-
ing instrument and a full examination. We consider
the number of subjects who are “cases” according to
both instruments (a), according to one but not the
other (b or ¢) and according to neither (d).

Sensitivity is the proportion of individuals who
screen positive who are indeed “cases” according to
the criterion, i.e.:

a
a—+c¢

and specificity is the number who screen negative who
are indeed not “cases”:

d
b+d

The sensitivity and specificity of a test will vary
according to where the cut-off point is placed on the
scores. As sensitivity increases, specificity tends to
decrease, so that an appropriate balance between the
two has to be determined by the investigator. For some

Table 4. Criterion

a b a+b
c d c+d
a+c b+d

Cases by full psychiatric assessment.
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purposes, such as in screening for depression, it is
more important to identify as many as possible of the
true cases, but it does not matter if there are quite a
few “false positives”, because these can be corrected in
a second stage by more extensive examination. Under
these conditions, one would want a highly sensitive
screening test that placed most of the true cases in cell
a and few in c. It matters rather less if quite a few of the
true non-cases are mistakenly placed in b.

8.2
Standardised Psychiatric Interviews

Even with the best-designed scales or questionnaires
with the best psychometric properties, these cannot be
a substitute for a psychiatric interview, which can yield
something approaching a diagnosis according to the
internatjonal criteria. Symptom scales do not purport
to make a diagnosis. Progress of fundamental signif-
icance for all of psychiatry has been made since the late
1960s with the development of standardised examin-
ations. These examinations are standardised in two
mutually complementary ways. Firstly, the questions
asked or the ratings of behaviour are not left to the
idiosyncrasies of the interviewer, which would lead to
different information being obtained across inter-
viewers and across studies. Instead, this so-called
information variance is reduced by having interviewers
ask about symptoms in the same way. Secondly,
criterion variance is reduced, the symptoms or signs
elicited being assembled, like building bricks, in
exactly the same way, both within and across studies.
This is achieved by applying to the data an algorithm,
which can easily be computerised. The algorithm is a
precise expression of the diagnostic criteria in ICD-10
or DSM-IV.

There are two types of standardised psychiatric
examination. This is for the good reason that, although
full clinical interviews in the field by experienced
clinicians may be the ideal, such resources are often
not available. The first type of instrument is mainly for
use by research clinicians after some training in its use.
These instruments allow some flexibility in ques-
tioning and enable the clinician to use his or her
judgement when making a rating about the presence or
absence of each symptom or behaviour. The Schedule
for Clinical Assessment in Neuropsychiatry (SCAN)" is
such an instrument (see below). There is also another
group of instruments for use by laypersons. These are
said to be “fully scripted”, where the questions asked
are invariable and must be strictly adhered to, with

!Copies may be obtained from Publications, World Health
Organization, Avenue Appia, 1221 Geneva 27, Switzerland.

only very few of the items calling for any judgement.
The Diagnostic Interview Schedule (DIS) and the
Composite International Diagnostic Interview (CIDI)
are of this type (see below).

The SCAN is the successor to the ground-breaking
Present State Examination (PSE) developed over two
decades ago by Wing, Cooper and Sartorius and now
revised by Wing et al. (1990) for the WHO (1992). The
SCAN is a clinician’s instrument, because it requires
familiarity with the phenomenology of mental disor-
ders and assumes that the interviewer is comfortable in
examining individuals with a mental disorder. In
complete contrast to interviews for use by laypersons,
the clinician asks the main question, but is allowed to
probe with further questions, if necessary, before
deciding whether a symptom is present or not. The
correct use of the SCAN requires formal training in
one of the designated centres around the world. The
SCAN has a number of modules, each dealing with a
group of disorders such as anxiety states, affective
disorders, substance abuse or psychoses.

The Clinical Interview Schedule, Revised (CIS-R)
was developed from an earlier version by Goldberg
et al. (1970), largely so that it can be used by lay
interviewers (Lewis et al. 1992). It was successfully
used in the National Survey of Psychiatric Morbidity in
the United Kingdom (Jenkins et al. 1997a,b). The CIS-
R generates diagnoses by ICD-10 and DSM-IV, but is
also able to give scores for symptoms. It is known to
have been well received by respondents and to have
been user-friendly for interviewers. It is considerably
less elaborate than the CIDI, for example.

The DIS was developed by Robins et al. (1981) as a
psychiatric interview that could be administered for
research purposes by non-clinicians after training. It
was the instrument used in the ECA studies. Its current
version allows diagnoses to be made according to DSM-
IV. There is also an equivalent assessment for children,
the Diagnostic Interview Schedule for Children (DISC).

The CIDI was developed by Robins et al. (1988) for
the WHO and the U.S. Alcohol, Drug Abuse and
Mental Health Administration Task Force on Psychi-
atric Assessments. It combines questions from the DIS
with questions designed to elicit PSE and SCAN items.
Like the DIS, the CIDI can be used by laypersons after
only a few days’ training. Its performance in clinical
field trials has been established, and Wittchen (1994)
has given a comprehensive account of its reliability
and validity in studies to date. The CIDI is fully
scripted and has been automated for administration
on laptop computers by Peters and Andrews (1995).
It is a powerful tool for epidemiological research,
having a number of available modules which cover the
main categories of mental disorder and generating
both ICD-10 and DSM-IV diagnoses as well as
symptom scores.
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Table 5. Some prevalence estimates (%)

PSE, Present State Examination; GHQ, General Health Questionnarie; DIS, Diagnostic Interview Schedule; CIDI, Composite Internation

Diagnostic Interview; CIS-R, Clinical Interview Schedule, revised.

83
Instruments for Assessing Dementia
and Depression in the Elderly

Epidemiological research on mental disorders in late
life calls for specially designed instruments to detect
cognitive impairment, cognitive decline, depressive
states and performance in the activities of daily living.
Three such instruments will be mentioned here, all of
which include a section for assessing elderly people
and a separate section for an informant, usually a
relative or close friend. The first to be developed was
the Geriatric Mental State Examination (GMS; Cope-
land et al. 1976), which has now been widely used in
several countries. The second is the Cambridge Exam-
ination for Mental Disorders of the Elderly (CAMDEX;
Roth et al. 1986), which was intended as a clinician’s
instrument, but which can be used by laypersons after
some training. A combination of parts of the GMS and
the CAMDEX has recently been used in a large study of
cognitive impairment and dementia in the United
Kingdom. The third instrument is the Canberra
Interview for the Elderly (CIE; Social Psychiatry
Research Unit 1992).” The CIE was developed “from
the bottom up”, in that the authors started with the
diagnostic criteria in both ICD-10 and DSM-III-R (now
DSM-1V) and then constructed items to tap each ele-
ment in these criteria. The CIE is available in English,

German and French versions. From the CIE, Jorm and
Mackinnon (1995) developed a set of compact scales,
the Psychogeriatric Assessment Scales (PAS)? to enable
non-clinicians working with the elderly to detect
depression, cognitive decline and stroke in a stand-
arised manner (Jorm et al. 1995, 1997). The PAS are
now in wide use internationally.

8.4
Typical Prevalence Estimates

There are now a large number of surveys reporting the
prevalence of the main mental disorders in the general
population. Some of the above instruments have been
used in these surveys for case-finding. Examples are
shown in Table 5.

8.5
Disablement

In assessing the epidemiology of any mental disorders,
it is often very useful to estimate the amount of
disablement that these entail. This should be done

*Copies may be obtained from the Secretary, Centre for Mental
Health Research, Australian National University, Canberra,
A.C.T. 0200, Australia.
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separately, but in a complementary way to the measure-
ment of symptoms. There are a number of instruments
available to measure disablement associated with mental
disorders. The most comprehensive is the Disability
Assessment Schedule (DAS; WHO 1988), which assesses
an individual’s functioning across a hierarchy of
self-care and functioning in daily life. Another is the
Groningen Social Disabilities Schedule (Wiersma et al.
1988), which gives a comprehensive assessment of
functioning. A shorter, self-rated instrument is the SF-
36 and its even more brief version, the SF-12.

8.6
Aetiological and Other Associated Variables

8.6.1 Sociodemographic Variables

Few epidemiological studies are likely to omit a certain
amount of information on the age distribution, gender,
marital status, ethnic background and socio-economic
or educational level of the sample population. It is best
to obtain such information using methods that are
already established and known to perform well in the
investigator’s region, rather than to invent one’s own
items. This also allows comparisons with other studies
to be made with more confidence.

8.6.2 Social Environment

Social environment can be considered in two parts:
(1) the individual’s immediate social environment -
what the sociologist Cooley (1909) called the primary
group - made of those around a person with whom he
or she has both interaction and commitment and
(2) the wider social environment, the community, with
its beliefs and values. Plausibly, both may have some
influence on the incidence of mental disorders and on
their course and prognosis. For an account of instru-
ments to measure the individual’s immediate social
environment, and the support it may afford, reference
may be made to A.S. Henderson (1988).

8.6.3 Experiential Variables

Some epidemiological studies may wish to test hypoth-
eses about depressive disorder in adults, for instance,
and the experiences they report having had in child-
hood and adolescence or their exposure to recent
adversity.

Parker (1983, 1992) investigated exposure to a
specific style of behaviour in parents and the subse-
quent risk of non-melancholic depression in the
offspring some decades later. He developed the
Parental Bonding Instrument (PBI) to obtain self-

reported information on how affectionate and how
controlling a person’s mother and father had each been.
The “toxic” exposure was found to be affectionless
control, i.e. parents who had been highly controlling,
but not at all affectionate or caring. Parker (1992)
reviewed the evidence for inadequate parental care as a
risk factor in adult depression, integrating this with the
evidence on parental loss and, importantly, on
compensating or mitigating factors. The latter may
take place through adequate parental care from a
substitute source or through strong affectional rela-
tionships in adulthood.

More recently, there has been considerable interest in
the effect of exposure to sexual or other abuse in
childhood and the risk of mental disorders in adult life.
Here, the findings point to the many adverse experi-
ences that commonly accompany childhood sexual
abuse, including physical violence, unstable and
untrustworthy relationships with parents and emotional
deprivation. This is a good illustration of the problem of
confounding variables, in which a candidate causal
variable is likely to be associated with others which have
an established link with the condition being studied.

There is a wide choice of instruments for assessing a
person’s exposure to adverse life events and experi-
ences. These range from quite brief checklists to the
comprehensive assessment provided by the interview
developed by G.W. Brown and colleagues (Brown and
Harris 1978).

8.6.4 Persondlity Variables

The hypotheses under investigation may refer to some
markers of vulnerability to a particular group of
mental disorders. Some such markers may lie within
the domain of personality. Among these, one of the
most promising is the construct of neuroticism, as
measured by the Eysenck Personality Questionnaire
(EPQ). A high score on this trait confers vulnerability
to anxiety or depression. Neuroticism and some other
personality traits can be reliably measured in only a
few minutes by a self-completion questionnaire and
may provide useful predictor variables in longitudinal
studies. They are therefore often worth inclusion
among the independent variables.

8.6.5 Genetic Factors

Sufficient DNA for some analyses can be obtained non-
invasively by asking individuals to rub a cotton wool
bud on the inside of their cheek for about 1 min. This
is then placed in a sterile plastic container and labelled.
It is usually not necessary to keep it cold, provided that
it can be delivered to the genetics laboratory within
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12 h. If the study calls for larger amounts of DNA,
a sample of venous blood is preferable.

9
Analysis of Epidemiological Data

9.1
Strategies

After the field data have been edited and cleaned by
removal of all obvious errors in coding, it is always best
to start the analysis using the most simple methods,
such as inspection of frequency distributions, means
and standard deviations, cross-tabulations and corre-
lations. Later, it may be appropriate to carry out
multivariate analyses, typically with the measure of
morbidity as the dependent variable. These methods
include log-linear analysis and multiple linear regres-
sion for continuous variables such as symptom scores.
All these methods allow the possible interaction effects
between independent variables to be explored.

9.2
Application of Recent Advances in Statistics

There are sometimes opportunities to apply to psychi-
atric epidemiology some of the techniques developed
in other disciplines, such as education and economet-
rics. For example, latent trait analysis was originally
developed in statistical research on the measurement
of intelligence before being imported to psychiatry by
Duncan-Jones et al. (1986). Latent trait and latent
class analysis are highly attractive methods for ex-
ploring the properties of an instrument and its indi-
vidual items or of assessing the behaviour of diagnostic
criteria when these are applied to population-based
data. Where large data sets on symptoms in general
population samples have been obtained, these can be
used to explore the fundamental structure of psychi-
atric classification by the methods of numerical taxo-
nomy. When the sample size is large enough to allow
it, testing of hypotheses about aetiology or the course
of disorders over time can be undertaken using
structural equation modelling. In this, the existence
of causal links between a set of variables can be tested
by determining the strength of the path coefficients
between them.

10
Ethical Issues in Psychiatric Epidemiology

As with other areas in the health sciences, psychi-
atric epidemiology has had to confront several

ethical issues. These should be anticipated in every
instance and presented to the Institutional Ethics
Committee in the research worker’s hospital or
university. Some ethical issues concern the research
team’s access to data that already exist, such as
hospital records, case registers for a whole geo-
graphic region or country, health insurance compa-
nies or police records. Where individuals could be
identified, these data are made available to the
researchers only if the individuals concerned have
given informed consent. Another issue is the
researcher’s obligation to guarantee, and then be
able to honour, complete confidentiality regarding
the personal information obtained in a research
interview or from any special investigations, such as
the sensitive areas of human immunodeficiency virus
(HIV) testing or genotype. While the researcher
may genuinely state that confidentiality will be
absolute, provision should always be made for
eventual destruction of the data and for the infor-
mation to be protected from other agencies, such as
the courts. Contemporary public attitudes to privacy
and confidentiality have made it difficult at times for
epidemiologists to be allowed to develop databases
containing information on people’s health and to
have access to those registers that already exist. This
is an example of the tension that exists between the
need for privacy and the public benefit that may be
gained from using such information for medical and
psychiatric research.

A further problem is already arising in genetic
research conducted at the community level. In the
course of research studies, if an individual has a
genetic test showing an increased risk of developing a
particular disorder such as cancer, Huntington’s
disease or, in the near future, depression or schizo-
phrenia, a problem arises for that individual if he or
she knows about the finding and then seeks life
insurance. When applying for insurance, it is usual for
the individual to be required to divulge any informa-
tion that might prejudice his or her health. If this is
divulged, the insurance company may refuse to
underwrite the policy; if the information is not
divulged, the company can refuse payment in the
event of a claim. No satisfactory resolution to these
matters has been reached.

In the course of a community survey, the research
interviewer occasionally finds a person who is in
profound distress or is a danger to self or others. While
there is no problem if that individual agrees to be
immediately contacted by a health professional, there
can be an ethical problem if he or she refuses. This can
sometimes be resolved by having an expert clinician
available by telephone to the field staff at all times
during the fieldwork, so that the interviewers are
relieved of responsibility.



44

Central Issues in Psychiatric Epidemiology

11
Conclusion

Research on the epidemiology of psychiatric disorders
is at an interesting stage in its evolution. There is an
abundance of testable hypotheses on aetiology and on
the course of mental disorders. Instruments are now
available for obtaining data of good quality both on
symptoms and abnormal behaviour and on social or
experiential variables. Of particular significance is the
emergent capability to advance our understanding of
the contribution made to aetiology by specific genes in
interaction with environmental exposures.
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1
Introduction

Population genetics consists in studying genetic trans-
mission in families and populations. The role of
genetic factors in transmitting psychiatric disorders
has been documented in a wide range of studies.
Different strategies such as family, twin, and adoption
studies have been used to investigate genetic risk
factors in psychiatric disorders. Their objectives are to
investigate the genetic and nongenetic (environmental)
causes of a disease and to estimate morbidity risks for
relatives of an affected proband.

Epidemiological genetic studies have convincingly
shown the involvement of genetic factors in bipolar
affective disorder (BPAD) and schizophrenia. It is thus
expected that molecular genetic studies will soon
identify the gene or genes involved in the etiology of
these disorders. Epidemiological strategies have also
demonstrated the implication of genetic vulnerability
factors in the etiology of other disorders such as
unipolar affective disorder (UPAD), anxiety disorders,
alcoholism, obsessive-compulsive disorder (OCD),
dementia, and some personality disorders.

The limitations and methodological problems of
genetic strategies will first be discussed in this chapter.
The most recent or most relevant literature on the
epidemiological genetic aspects of psychiatric disor-
ders will be summarized. The interplay between
epidemiological and molecular genetics research will
also be highlighted.

2
Genetic Epidemiological Strategies

2.1
Family Studies

The first step when studying genetic epidemiological
factors is to conduct family studies. Their aim is to
detect the presence of familial aggregation, which is
defined by the occurrence of a disorder at a higher
frequency in relatives of affected individuals than in
the general population. Familial aggregation is related
to the presence of vulnerability factors, either genetic
and/or environmental. Indeed, the first-degree rela-
tives (mother, father, siblings, children) are more likely
to develop a disorder than the second-degree rela-
tives (e.g. uncle, nephew, cousins) and than the gen-
eral population if that disorder has a genetic etiology.
Family studies begin by identifying a proband, i.e.
an affected subject, and by studying his or her rela-
tives.

The main limitation of family studies is that shared
environment and not only shared genes might be
responsible for the observed familial aggregation
(Ottman et al. 1991). Indeed, family studies cannot
distinguish between genetic, family environment, and
nonfamilial environmental factors. The relative con-
tribution of genetic and environmental factors in
disease etiology is therefore assessed by studying
strategic populations such as twins and adoptees.

A second goal of family studies is to estimate the
morbidity risk (MR), i.e. the probability that an
individual will be affected at the age of risk. MR
provided by family studies are highly relevant to
genetic counseling. However, comparison of MR
throughout several studies is often misleading, since
different diagnostic criteria have been used. In order to
reach standardized and reliable diagnoses, standard-
ized instruments were developed such as the Research
Diagnostic Criteria (RDC) (Spitzer et al. 1978), the
Schedule for Affective Disorders and Schizophrenia-
Lifetime Version (SADS-L), DSM-IV (American Psy-
chiatric Association 1994), and ICD-10.

Family studies can also help to determine which
clinical entities are transmitted together or indepen-
dently within family members. If two disorders have
distinct genetic etiologies, they will be transmitted
independently in families. They provide additional
evidence to validate new or controversial diagnostic
entities (Feighner et al. 1972). In addition, the overlap
of different diseases is examined through family
studies.

New methodological standards for such studies have
been well reviewed by Weissman et al. (1986a). Ade-
quate family studies should make adjustment for
potential disparities such as family size and years at
risk of the relatives. Results from the majority of family
studies were reported using the age-corrected “life-
time risk” or “morbid risk.” Using this correction, the
expected lifetime prevalence is given with all first-
degree relatives having passed the age of risk of the
disease. Several age-correction methods have been
used (Gershon et al. 1982; Crowe and Smouse 1977),
and these can also lead to discrepant results. Sex
distribution in the relatives is another possible bias.
For instance, the rate of affective disorder is higher in
women than in men. An unequal distribution of the
sex ratio in the groups of relatives compared can thus
affect the results. Sample variations, differences
between populations in the prevalence of genetic
vulnerability, or cultural factors in the perception
and description of hypomania and depression can also
modify rates of MR (Gershon et al. 1982).

Data collection should be performed blind to the
diagnosis of the proband. Two methods of data
collection have been used to assess the presence of
psychiatric disorder in the relatives: family history
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data or family study data. In the latter method, all
available relatives are evaluated by direct interview.
Although structured interview and questionnaires such
as the Family History - Research Diagnostic Criteria
(FH-RDC) were designed to obtain more reliable
familial information by interviewing only the proband
(Andreasen et al. 1977), family studies using only
family history data are considered less accurate.
Indeed, probands tend to underestimate the prevalence
of affective illness and other psychiatric disorders in
their relatives and to overestimate the age at onset of
illness in their ill relatives (Mendlewicz et al. 1975).

ing the validity of the twin method with regard to the
equal environment assumption.

Other potential sources of bias in twin research
exist. Probands described in several early twin studies
were recruited from inpatient units (hospital-based
studies), which could lead to an overidentification of
concordant and more severe cases. In addition, unre-
liable psychiatric diagnoses for the concordance eval-
uation, zygosity misclassification (MZ pairs incorrectly
labeled as DZ), and inadequate age at onset correction
may lead to over- or underidentification of concordant
cases (Kringlen 1995).

2.2
Twin Studies

Twin studies were designed to assess the relative
contribution of genetic and environmental factors to
disease development in the presence of familial aggre-
gation. It has been traditionally accepted that mono-
zygotic (MZ) twins are genetically identical. A
discordance in the status of their disease would thus
result from environmental factors, either biological or
psychological. In twin studies, the difference in
concordance rates for a trait between sets of MZ and
dizygotic (DZ) twin pairs is analyzed. MZ twins behave
genetically as identical individuals. DZ twins share only
half of their genes on average and thus behave as sibs,
except that they shared the same uterine environment
before birth. Both types of twins are expected to share a
similar environment. A genetic factor is suspected as
the etiologic agent of a disease when the concordance
rate in MZ twins is higher than in DZ twins.

Other designs can be used such as the study of twins
reared apart since early childhood. This powerful
strategic population provides another opportunity to
delineate the effects between genetic and environmen-
tal factors.

A main limitation of twin studies is derived from the
“equal environment assumption.” The twin method
has to assume that MZ and DZ twins have had the
same environmental influences in order to prove a
genetic contribution. Two recent studies (Kendler et al.
1994; Morris-Yates et al. 1990) supported the validity
of the equal environment assumption. However, par-
ents usually treat MZ twins more equally than they
treat DZ twins. Moreover, environmental factors can
differ in MZ twins as soon as their intrauterine life
begins. After implantation, two thirds of MZ twins
share a single chorion and placental circulation, and
because of imbalance in their shared blood supply,
they may differ more than DZ twins in their intrauter-
ine experience and in birth weight (MacGillivray et al.
1975). Kendler and colleagues (Kendler 1983; Kendler
et al. 1993) comprehensively reviewed studies assess-

23
Adoption Studies

Adoption studies provide another opportunity to
separate the interacting roles of heredity and environ-
ment on disease etiology. Several methodologies are
used in such studies. The prevalence of the disease in
adoptive and biological parents of affected adoptees
can be compared. In the adoptees’ design, the preva-
lence of disease in adopted-away children of affected
parents is compared with the adopted-away children of
normal control parents. Using the cross-fostering
method, the prevalence of the disorder is compared
between offspring of ill and offspring of normal
biological parents, both reared by ill foster-parents.
The prevalence of disease in biological and adoptive
relatives of ill adoptees can also be compared to
relatives of normal adoptees (adoptees’ family study).

A limitation of adoption studies, when trying to
separate the genetic and environmental endowments,
is the time spent with the biological parents before
adoption. Well-designed adoption studies should make
adjustments for potential disparities between groups
regarding family size, years at risk (up to current age,
age at death, or age at diagnosis), and sex distribution
in the relatives (Vieland et al. 1995). A potential
confounding bias in adoption studies is that the
disorder afflicting the affected biological parent may
influence the likelihood and social location of the
adoptive placements of their offspring. Conversely,
adoptive parents represent a highly selected popula-
tion, having been screened for high social stability and
good mental health by the adoption agencies (von
Knorring et al. 1983).

24
Segregation Analysis

Segregation analysis is used to determine the mode
of genetic transmission or mode of inheritance of
a disorder in affected families. It consists of analyzing
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trait and phenotype distributions in families (pheno-
types are observable features of a subject). The
heritability of a particular trait is studied from one
generation to the next and among members of the
same generation. Such studies based on transmission
probabilities are complex, requiring sophisticated
statistical support. They can explore qualitative (dis-
crete) or quantitative traits or phenotypes using
different models of transmission (Weiss 1993).

Changes in prevalence or in age at onset during the
last century, considered as a birth cohort effect
(Gershon et al. 1987), can affect segregation analysis,
which requires estimation of the prevalence of a disease
in the general population. Ascertainment biases and
assortative mating also have to be considered since
they can alter results of segregation analyses. Indeed,
assortative mating, which is a tendency for mated pairs
(a couple) to be more similar for some phenotypic trait
than would be expected if they were chosen at random,
was observed in several psychiatric disorders and
psychological traits (Merikangas 1982).

3
Bipolar Affective Disorder

Most family studies have shown that BPAD tends to
cluster in families (Mendlewicz 1988). The lifetime risk
for developing the disease in relatives of bipolar
probands is significantly higher than in the general
population. Table 1 shows that the familial rates of
affective disorders averaged 5.7%-8% of BPAD and
10.2%-21.9% of UPAD in relatives of probands with
BPAD. Exact rates are, however, difficult to obtain, as
different diagnostic criteria or narrowed definitions of
affective disorders were used throughout studies.

The MR for affective disorders were consistently
higher in the relatives of bipolar than unipolar patients
(Leonhard 1959; Perris 1968; Maier et al. 1993). This
indicates that bipolar patients have a greater genetic
loading for affective disorder than the unipolar ones.
This observation generated worldwide interest from
several research teams and prompted them to map
genes involved in affective disorders, mainly for the
bipolar form of the disease.

In a large-scale family study, the prevalence of
bipolar II disorder was substantially increased (8.2%)
among the relatives of individuals with bipolar II
disorder, while only 1.1% of them had bipolar I
disorder (Andreasen et al. 1987). This finding suggests
that the disorder may breed true, providing some
partial support for the independence of bipolar II
disorder. No significant difference in familial aggrega-
tion was, however, observed between these two forms
of BPAD by other investigators (Gershon et al. 1982).
On the other hand, several studies suggest that bipolar
11 is closer to bipolar I than to UPAD (Dunner 1983;
Endicott et al. 1985).

Early age at onset of probands with BPAD is also
associated with a higher MR in relatives (Rice et al.
1987). Furthermore, BPAD patients with a positive
family history of bipolar illness exhibit a more severe
course of illness and have more manic episodes than
patients without family history (Mendlewicz and
Rainer 1974). On the other hand, no significant
increase in familial aggregation of rapid-cycling BPAD
is found compared with nonrapid cyclers (Lish et al.
1993; Coryell et al. 1992). However, the small sample
size of these two studies does not permit definitive
conclusions to be drawn.

Interestingly, a relationship between the effective-
ness of lithium therapy and family history was
observed. Responders to lithium stabilization more

Table 1. Morbid risks (MR) of bipolar (BPAD) and unipolar affective disorder (UPAD) in relatives of BPAD and UPAD probands

“Included 12 studies on BPAD (1966-1980) and five studies on UPAD (1966-1980).

bAge-adjusted rates.

“Number at risk for BPAD (UPAD) according to their mean age at onset.
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frequently have relatives affected with BP disorder
than nonresponders (Mendlewicz et al. 1973; Grof
et al. 1994). Recently, this observation was taken into
account to design molecular studies with lithium
responder patients in order to obtain a less heteroge-
neous population (Turecki et al. 1996).

A higher rate of affective illness, including BPAD,
UPAD, and schizoaffective (SA) disorder, was observed
in parents genetically related to BPAD probands
compared with parents who adopted and raised them
(Mendlewicz and Rainer 1977). Moreover, the degree
of psychopathology in the biological parents of BPAD
adoptees was similar to that in the parents of the
nonadopted BPAD patients, while the rate of psychi-
atric disorder in the adoptive parents of the experi-
mental group was similar to the rate in the adoptive
parents of the normal offspring group. Cadoret (1978)
studied adopted-away offspring of biological parents
with affective illnesses. These probands had signifi-
cantly more depressive disorders (mainly UPAD) in
adulthood than did adoptees whose biological parents
were well or had other psychiatric conditions.

There is a large amount of literature reporting a
significantly higher concordance rate for BPAD in MZ
twins than in DZ twins. The concordance rates in MZ
twins vary between 50% and 92.5% (mean, 69.3%),
compared with 0%-38.5% in DZ twins (mean, 20%).
Although concordance rates were higher in earlier
studies, the contribution of genetic factors has also
been consistently noticed in the more recent ones. The
differences seen across all these studies may result
from diagnostic misclassifications and ascertainment
biases in samples of the earlier ones.

In order to delineate the effects between genetic and
environmental factors, the outcome of 12 identical
pairs of twins reared apart since early childhood has
been studied (Price 1968). Among these pairs, eight
(67%) were concordant for the presence of the disease,
a rate close to that for MZ twins reared together. This
finding suggests that predisposition to BPAD will
usually express itself regardless of the early environ-
ment.

The exact mode of inheritance is still not well
understood in affective disorders. Some models of
transmission can, however, be discarded. Thus the
considerable number of families with two- and three-
generation transmission of the illness is incompatible
with autosomal recessive inheritance (Mendlewicz
1988). The two leading hypotheses arising from data
analyses in BPAD patients are thus the single major
locus (SML) model with incomplete penetrance
(Strémgren 1938; Spence et al. 1995) and the polygenic
model with a possible interaction between two or more
loci (Perris 1972; Slater et al. 1972). Segregation data
on affective disorders have been well reviewed by Rice

et al. (1987), who reported the results of a very
rigorous segregation analysis of BPAD. A mixed
model, which allows for a SML with a multifactorial
background, gave evidence for the presence of a major
locus when controlling for the effects of birth cohort
age at onset. This result was recently echoed by Spence
et al. (1995), but neither this study nor the one by Rice
et al. (1987) was large enough to test a polygenic/
multifactorial hypothesis.

The SML model can also be tested by linkage
analysis. For instance, linkage analysis provided
evidence of X linkage in some families with BPAD
(Mendlewicz et al. 1972; Baron et al. 1987). Despite
exclusion of X linkage in other families, the X-linked
dominant model appears to be a possible mode of
transmission in some families with BPAD. Indeed, a
recently published molecular study has again reported
a strong linkage for BPAD with a DNA marker on
chromosome X (Pekkarinen et al. 1995). This marker
is closely located to the F9 locus where Mendlewicz
et al. (1987) first provided evidence of a possible
involvement of chromosome X in manic depression.
Genetic heterogeneity and polygenic inheritance are
likely to be present in BPAD, and this may be
translated by the involvement of a high number of
potential genes. Indeed, linkage, sib pair, and associ-
ation methods have produced variable results in BPAD
with loci on chromosomes 5, 11, X, and more recently
4, 18, and 21 (Souery et al. 1997).

Table 2 summarizes empirical risks for relatives of
BPAD probands. Children and sibs of BPAD probands
constitute high-risk groups. In second-degree relatives,
the rates are smaller, suggesting that disease risks
became smaller as the degree of consanguinity
decreased, as expected if a genetic component explains
the etiology of the disease.

4
Unipolar Affective Disorder

Most family studies have shown familial aggregation
in UPAD, which favors a genetic component. The
familial rates of UPAD averaged 6.5%-22% in relatives
of probands with UPAD. In most studies, the relatives
of UPAD patients had a higher lifetime prevalence of
UPAD compared with the prevalence in the relatives of
normal controls (around 6%). Early on, Leonhard
(1959) and the Berlin School proposed the differenti-
ation between bipolar and unipolar subtypes in mood
disorder. Indeed, results of most family studies suggest
that BPAD and UPAD have different genetic etiologies
(Gershon et al. 1982; Perris 1968; Mendlewicz 1988;
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Table 2. Estimated morbid risks in healthy subjects having relatives with bipolar affective disorders (BPAD), unipolar affective

disorder (UPAD), and schizophrenia

Adapted from Feinberg (1994) and from Gottesman and Shields (1982).
*The table provides the estimated risk of a healthy subject to develop BPAD if that subject has a relative (one or both parents, sibling)

with BPAD.

Winokur et al. 1995). Table 1 shows the MR associated
with each disorders. First, relatives of unipolar pro-
bands had no significantly elevated risk for BPAD
(0.6%-3%) compared with controls (0.2%-2%), sug-
gesting that the majority of unipolar probands are
genetically distinct from BPAD (Andreasen et al. 1987;
Winokur et al. 1995; McGuffin and Katz 1989). Second,
as previously mentioned, family studies have consis-
tently showed that bipolar patients have a greater
genetic loading for affective disorder than the unipolar
ones.

On the other hand, reports of discordant MZ pairs in
which one individual developed BPAD while the other
developed UPAD suggested that, in some instances, the
same genotype can lead to both forms of the disease
(Perris 1974; Bertelsen et al. 1977). Some UPAD patients
can be misclassified and their illness can develop into
BPAD, which can explain this discrepancy. This implies
a different age at onset of disease for such MZ pairs,
suggesting other vulnerability factors in addition to
genetic ones. Moreover, a strong tendency for twin pairs
to also be concordant for the affective illness type
(UPAD or BPAD) was observed in one of the largest
twin studies on affective disorder (Bertelsen et al. 1977).
In addition, a higher concordance rate for MZ probands
with BPAD (79%) was observed compared with MZ
probands with UPAD (54%), also showing the greater
genetic loading of the BPAD form of the disease.

Familial genetic differences in MR between early-
and late-onset forms of unipolar illness were also
observed. UPAD patients with early-onset disease had
a greater familial morbidity for depression, alcoholism,
and sociopathy than those with late-onset disease
(Mendlewicz and Baron 1981). An excess of unipolar
depression was also observed in female relatives of
early-onset unipolars when compared to late-onset
probands, regardless of the proband’s sex.

The hypothesis of the “depression spectrum disease,”
a subtype of major depression characterized by families
in which male relatives are alcoholic and females are
depressed, originated from family studies (Winokur
et al. 1971). Although independent family studies
yielded negative results (Merikangas et al. 1985), an
adoption study recently reexamined the hypothesis
(Cadoret et al. 1996). Major depression in female was
predicted by an alcoholic diathesis only when combined
with a disturbed adoptive parent variable. This suggests
that gene-environment interaction can be an etiologic
factor in the depression spectrum disease. These
interactions will be further discussed below.

The clinical and etiological heterogeneity of UPAD
(Kupfer et al. 1975; Weissman et al. 1986b) represents
a major difficulty when studying genetic aspects in
UPAD, either at the epidemiological or the molecular
level. Some patients can be correctly classified as
having UPAD according to the DSM-IV classification
system after a second episode of major depression
following major stressful events. Whether all these
patients represent “true genetic cases” is uncertain. On
the other hand, no significant difference in familial
aggregation was observed between “endogenous” and
“nonendogenous depression” (Weissman et al. 1986;
Andreasen et al. 1986; McGulffin et al. 1988). Interest-
ingly, an increased risk of depression and of life events
was observed in relatives of depressed probands
(McGuffin et al. 1988). However, no significant asso-
ciation between life events and depression was
observed, suggesting shared familial factors that pre-
dispose to both conditions. Although these results
argue against the acceptance of earlier classifications of
depression into “endogenous” and ‘“reactive” sub-
types, they cannot discard the concept of “endogenous
depression.” Indeed, family data is only one method of
validating a classification system.
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5
Schizophrenia

The presence of familial aggregation in schizophrenia
was confirmed by Kendler et al. (1985). Schizophrenia
was significantly more prevalent in 723 first-degree
relatives of schizophrenic probands as compared to the
first-degree relatives of 1056 surgical controls. Table 2
summarizes the estimated risks for relatives of schizo-
phrenic probands. From Table 2, it is tempting to
conclude that a higher difference in MR is observed
between sibs and parents of schizophrenic probands
than in those of probands with BPAD and UPAD.
However, this difference may be related to a statistical
artifact. Schizophrenia is associated with a marked
reduction in reproductive fitness, and parents are
therefore underrepresented, reducing the “risk” of ill-
ness in parents as compared with siblings and offspring
of affected individuals (Essen-Moller 1955; Kendler
et al. 1993). Family studies can examine whether the
clinical manifestations of schizophrenia are correlated
in affected sibling pairs. Global course, outcome, and
all major symptoms except hallucinations were mod-
estly, but significantly correlated in 256 sibling pairs
concordant for DSM-III-R schizophrenia (Kendler et al.
1997).

Genetic studies suggest that there is a spectrum of
disorders which could be similar to schizophrenia and
could share the same genes. These disorders have been
referred to as the “schizophrenia spectrum disorders.”
A recent large study has refined the boundaries of this
spectrum. A total of 384 psychotic patients, 150
controls, and 1753 relatives were analyzed in the
Roscommon family study (Kendler et al. 1993). The
risk of developing schizophrenia was found to be
higher in the relatives of probands with schizophrenia,
but also in relatives affected with SA disorder,
schizotypal and paranoid personality disorders, and
other nonaffective psychotic disorders.

Family, adoption (Kendler et al. 1981, 1982), and
twin studies (Torgersen et al. 1993) have documented
the increased prevalence of schizotypal personality
disorder among the biologic relatives of schizophrenic
patients (Tsuang and Faraone 1994). Considering these
studies, this disorder may be viewed as a milder form
of schizophrenia. However, in the study by Kendler
(1993), as in some previous family studies, schizotypal
probands were hospitalized in psychiatric institutions.
These patients may thus represent a sample of
individuals biased in the direction of a familial
relationship with schizophrenia.

The validity of Kraepelin’s division into two major
groups (dementia praecox/schizophrenia and manic-
depressive illness) has been frequently challenged.
Genetic studies offer the opportunity to investigate the

overlap between these disorders and to evaluate the
validity of Kraepelin’s system. Most recent studies
support this view (Kendler et al. 1993). Schizophrenia
and the BPAD disorders were also transmitted inde-
pendently in a recent study on 559 probands and 2845
relatives (Maier et al. 1993). However, schizophrenia
probands had an increased familial risk for UPAD,
indicating a familial relationship between the predis-
position to schizophrenia and to major depression.

A review of the literature on twins revealed that a
higher concordance rate was observed in all studies in
MZ twins than in DZ twins with schizophrenia
(Kendler 1983). Concordance rates varied from 18%
to 28% for DZ twins and from 33% to 78% for MZ
twins. Although the differences in concordance rates
were larger in the earlier studies, a significant differ-
ence between MZ and DZ twins has still been observed
in the more recent ones, suggesting a role for genetic
factors in their etiology. However, using new method-
ological standards, the concordance rate for MZ twins
remains under 50% (Onstad et al. 1991), suggesting
interaction with other vulnerability factors. Gottesman
and Bertelsen (1989) studied offspring of twins recruit-
ed from the Danish survey (Fischer 1973). Interesting-
ly, the MR for schizophrenia of offspring of affected
MZ twins (16.8%) was close to that of unaffected MZ
co-twin’s offspring (17.4%). Regarding offspring of
discordant DZ twins, the MR were 17.4% for the
affected DZ twin and 2.1% for the unaffected co-twin.
Taken together, these data favor the hypothesis of an
incomplete expression of a predisposing genotype in
schizophrenia. A number of recent studies have also
been designed to analyze discordant MZ pairs in order
to explore developmental or environmental problems,
such as maternal infections and obstetric complica-
tions (Davis and Bracha 1996). Such efforts might
clarify nongenetic influences (Mednick et al. 1994) in
the etiology of severe psychiatric disorders.

Large-scale adoption studies are available in schizo-
phrenia. The extension of the Danish adoption study of
schizophrenia throughout Denmark (Kety et al. 1994)
confirmed the significant concentration of chronic
schizophrenia (9.9%) and “latent schizophrenia”
(5.7%) in the biological relatives of chronic schizo-
phrenic adoptees as compared to adoptive relatives of
schizophrenic adoptees and of normal controls. This
suggests the presence of heritable genetic factors in the
susceptibility to schizophrenia.

“Vertical cultural transmission” is a nongenetic
factor that could explain the presence of familial
aggregation in a behavioral syndrome such as schizo-
phrenia (Kendler 1983). Vertical cultural transmission
implies that a given characteristic is “learned” by the
offspring from their parents. Adoption studies can
provide insights on this issue. Hence children of
schizophrenic parents reared by nonschizophrenic
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adoptive parents should have a lower risk for
schizophrenia if this form of transmission is operating
in the etiology of the disease. Moreover, children of a
nonschizophrenic biologic parent reared by an adop-
tive schizophrenic parent should have a higher risk for
schizophrenia.

Although most adoption studies suggested that
simple vertical cultural transmission is not likely to
play a major role in schizophrenia (Kendler 1983),
some of them suggested gene-environment interaction
in the development of the disease. Tienari et al. (1994)
observed a significantly higher rate of both psychosis
and other severe diagnoses such as severe personality
disorders when studying 155 offspring of schizophren-
ic patients compared to 186 matched control adoptees.
Interestingly, notable differences between these two
groups emerged only in the families rated as disturbed,
suggesting gene-environment interaction.

Studies on the transmission mode of schizophrenia
were well reviewed by Baron (1986). The two main
transmission hypotheses are the SML and the multi-
factorial polygenic model. A mixed model with an SML
transmission with a polygenic background is also
compatible with the data (Risch and Baron 1984).
Further segregation analyses using large sample size in
order to test this polygenic model of inheritance are
awaited. Several chromosomal regions may play a role
in the etiology of schizophrenia, including genes on
chromosomes 5, 6, 11, and 22 (Gurling 1996).

6
Schizoaffective Disorder

It is now well established that genetic factors are
involved in the etiology of SA disorder (Zerbin-Riidin
1988). The concept and diagnostic criteria of SA have
varied tremendously during the two past decades, being
either closer to the criteria for schizophrenia or to those
for affective disorders. Family, twin, and adoption
studies have thus generated variable results, mostly due
to changes in diagnostic criteria. Although results from
family, twin, and adoption studies are divergent, most
support a separate classification of broadly defined SA
psychoses as possibly being phenotypical variations or
expressions of genetic interforms between schizophre-
nia and affective psychoses (Mendlewicz et al. 1980;
Endicott et al. 1986; Bertelsen and Gottesman 1995).
Molecular studies will hopefully determine whether SA
disorders are separate entities or subtypes of affective
disorders and schizophrenia. Meanwhile, it seems most
appropriate to retain SA disorder as a distinct syn-
drome (Bertelsen and Gottesman 1995).

The overall lifetime risks for affective illness in first-
degree relatives were investigated in a cohort of 172

probands and 1254 relatives (Gershon et al. 1982).
Lifetime prevalences of major affective disorder (in-
cluding BPAD, UPAD, and SA) were higher in relatives
of probands with SA (37%), BPAD type I (24%), BPAD
type I1 (25%), and UPAD (20%) compared to relatives of
normal controls (7%). The highest overall MR of
affective disorders was thus found in relatives of pro-
bands with SA, supporting the concept of SA disorder
as a variant and genetically virulent form of affective
illness (Tsuang et al. 1977; Gershon et al. 1982).

A model using a continuum of vulnerability factors
was developed by Reich et al. (1975) in which the
vulnerability of affective disorders is viewed as linear.
In this model, SA disorder is expressed when vulner-
ability is the highest, BPAD when vulnerability is
lower, and UPAD at a still lower threshold value.
However, we and others (Shopsin et al. 1976; Rice et al.
1987; Winokur et al. 1995) have not reproduced these
results, and the notion of a continuum of vulnerability
factors remains controversial.

Similarly, probands with SA disorder had
more schizophrenic first-degree relatives than other
probands, which also suggests a relationship with
schizophrenia (Mendlewicz et al. 1980; Gershon et al.
1982). In summary, a significant familial aggregation is
observed between SA disorder and either BPAD
or schizophrenia, while little familial aggregation is
present between BPAD and schizophrenia. In addition,
some studies suggest that SA disorder (bipolar sub-
type) may be more related to pure affective disorder,
while SA disorder (depressed type) may be closer to
schizophrenia (Andreasen et al. 1987).

7
Anticipation and Major Psychiatric Disorders

Segregation analyses in families with affective disorder
and schizophrenia have not proved beyond doubt the
SML or polygenic model of inheritance. Other complex
modes of inheritance have been investigated in these
disorders. A potential mode of inheritance is related to
the concept of anticipation. Anticipation implies a
progressively earlier age of onset and increased sever-
ity of disease in successive generations. It may explain
the deviations from the mendelian inheritance pattern
observed in some heritable diseases.

The phenomenon of anticipation has been observed
in several neurological diseases such as myotonic dys-
trophy, fragile X syndrome, and Huntington disease
(Fischbeck and Paulson 1996). Anticipation in
these disorders has been correlated to specific muta-
tions: expansion of a trinucleotide repeat sequence.
These sequences are unstable and may expand in size
within family members when transmitted from one
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generation to the other, thereby increasing the severity
of the disorder.

An exciting development in psychiatry research
has been initiated by the emergence of studies
assessing anticipation in psychiatric disorders. Several
studies described anticipation in schizophrenia (Thi-
baut et al. 1995), although the study by Asherson
et al. (1994) provided less conclusive results. Antici-
pation was also described in bipolar spectrum disor-
der (McInnis etal. 1993). However, this study
included a wide definition of the phenotype of the
34 pairs studied, grouping together bipolar, unipolar,
SA disorder (manic type), and major depressive
disorder (single episode). Since the median age at
onset in these four disorders differs widely, it is
questionable whether these phenotypes can be com-
pared through different generations.

Anticipation was described in 16 BPAD-BPAD pairs
(Nylander etal. 1994) and in 16 UPAD-UPAD
pairs (Engstrom et al. 1995). A total of 62 BPAD-
BPAD pairs and 48 UPAD-UPAD intergenerational
pairs were analyzed in a larger study on affective
disorders involving 340 affectively ill patients recruited
from 53 families. Changes in age at onset and episode
frequency between generations consistent with antic-
ipation were observed (Lipp et al., submitted).

However, it is not yet possible to conclude that true
anticipation is present in mood disorders and schizo-
phrenia because of various selections biases that could
arise in such studies (Penrose 1948). Nevertheless, the
clinical observation of anticipation in mood disorders
and schizophrenia has prompted the search for
dynamic mutations such as CAG repeats. We and
others have observed an association between CAG
repeats detected by the repeat expansion detection
(RED) method and BPAD illness (Lindblad et al. 1995;
O’Donovan et al. 1996). Moreover, we have recently
observed a significant trinucleotide CAG repeat expan-
sion between parental and offspring generation when
the phenotype changed in severity from major depres-
sion (single episode) or UPAD to BPAD (Mendlewicz
et al. 1997). These reports provide preliminary evi-
dence for the implication of such mechanisms in the
etiology of BPAD.

8
Genetic Factors and Other Aspects
of Mental Disorders

8.1
Anxiety Disorders

It has been suggested that genetic factors are involved
in the pathophysiology of anxiety disorders. A greater

risk of developing anxiety disorders in first-degree
relatives of patients with panic disorder has been
observed in family studies (Crowe etal. 1983;
Mendlewicz et al. 1993). Conversely, no increased
familial loading was found for generalized anxiety
disorder in probands with panic disorder (Noyes
et al. 1987). These results validate the concept of
generalized anxiety disorder as being an illness
distinct from panic disorder. It also supports the
hypothesis of a genetic contribution to predisposition
to panic disorder. However, a twin study examining
anxiety disorders came to a different conclusion (Skre
et al. 1993). In a sample of 20 MZ and 29 DZ co-twins
of probands with anxiety disorder, the prevalence of
anxiety disorders was compared. For both panic
disorder and generalized anxiety disorder, the MZ-
DZ concordance ratio was more than 2:1. From these
results, it may be concluded that a genetic contribu-
tion is likely to be present in both disorders. Clearly,
more work needs to be done using larger sample sizes
to evaluate the genetic contribution in generalized
anxiety disorder and to define its relationship with
panic disorder.

8.2
Obsessive-Compulsive Disorder

In several twin studies, the concordance rates for OCD
ranged from 53% to 87% for MZ twins and from 22%
to 47% for DZ twins, depending on the sample and the
diagnostic criteria (Pauls et al. 1995). The diagnostic
criteria and methodology of assessment of OCD were
not properly established until the beginning of the
1990s. Interpretation of family studies performed
before this era may therefore be misleading. None of
the ten family studies of OCD reviewed by Black et al.
(1992) used standardized assessments, a control group,
and a blind data collection together. The paper by
Black and colleagues reported the results of a study
using new methodological standards of family studies,
but no significant increase in MR of OCD in relatives of
OCD probands was observed. However, the risk for a
more broadly defined OCD (including relatives with
obsessions and compulsions not meeting criteria for
OCD) was increased among relatives of OCD probands.

Conversely, the recent family study by Pauls et al.
(1995) on 100 probands and 466 relatives, using DSM-
II-R and the Yale-Brown Obsessive Compulsive Scale
(Y-BOCS) severity criteria, showed familial aggrega-
tion in OCD. The MR for OCD was significantly higher
in OCD probands (10.3%) than in normal controls
(1.9%). Data collection used all available information
(both direct interview and multi-informant family
history information), something which was not done
by Black and colleagues (1992) and may explain their
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negative result. On the other hand, investigators in the
paper by Pauls et al. (1995) were not blind to the
proband’s diagnosis. Further family studies will be
needed in order to legitimate familial aggregation in
OCD.

8.3
Alcoholism and Substance Abuse

The concordance in diagnosis of alcoholism was 26%
in MZ twins and 12% in DZ twins in a large sample of
715 male twins (Hrubec and Omenn 1981). Using two
different types of statistical models, a segregation
analysis was reported in 35 multigenerational families
with alcoholism (Yuan et al. 1996). The hypothesis of
an SML with strictly mendelian transmission was
rejected. This analysis suggested a major effect with or
without additional multifactorial effects.

Drug abusers without antisocial personalities were
more likely to have a biologic parent with a back-
ground of alcohol problems, as shown by the adoption
studies carried out by Cadoret etal. (1995). This
suggested the possibility of two genetic pathways to
drug abuse/dependency, one starting with alcoholism
in biologic parents and the other from an antisocial
biologic parent, proceeding through aggressive vari-
ables of adoptees such as conduct disorder and
eventually ending in drug abuse/dependency.

8.4
Personality Disorders

Assortative mating, clinical heterogeneity, uncertain
validity of phenotypes described by diagnostic criteria,
and poor interrater reliability in assessing most
personality disorders hamper genetic epidemiological
studies. Despite these limitations, new data favor the
involvement of genetic factors in some personality
disorders. A weighted mean pairwise concordance rate
for adult criminality of 51% in MZ twins and 22% in
DZ twins was observed in seven twin studies pooled
together (McGuffin and Gottesman 1985). As previ-
ously mentioned, results of adoption studies suggest a
role for genetic factors in antisocial behavior (Cadoret
et al. 1995). Furthermore, there is increasing interest in
genetic research for dimensional aspects of personality
traits (Cloninger et al. 1987). An association between
characteristics of temperament (novelty seeking) and
the seven-repeat allele in the locus for dopamine
receptor D4 gene (DRD4) has been observed in a
group of 124 unrelated Israeli normal subjects (Ebstein
et al. 1996), a finding replicated by Benjamin et al.
(1996).

8.5
Suicide

The role of genetic factors in transmitting suicidal
behavior has been documented in twin (Juel-Nielsen
and Videbech 1970), adoptees (Schulsinger et al.
1979), and family studies (Egeland and Sussex 1985).
In the Amish population study, 26 suicides have been
reported (Egeland and Sussex 1985). The majority of
these cases (92%) were diagnosed with a major
affective disorder and were situated in multigenera-
tional families with heavy loading for BPAD, UPAD,
and other affective spectrum illnesses. It is worth
noting that, in other Amish families, in spite of a
strong genetic loading for affective disorder, suicidal
behavior was not expressed. Furthermore, liability to
suicidal behavior might be transmitted familally as
a trait independent of axis I and II disorders (Brent
et al. 1996). These studies have provided evidence of
genetic factors in both suicide and affective disorders.
The distribution of depressed patients with a life-
time history of attempted suicide was also compatible
with a polygenic inheritance of suicidal behavior
(Papadimitriou et al. 1991). An association between
tryptophan hydroxylase polymorphism and suicidality
was observed (Nielsen et al. 1994). This obser-
vation was, however, not replicated (Abbar et al.
1995).

8.6
Dementia

Although results of family studies have suggested the
implication of genetic vulnerability factors in the
etiology of Alzheimer’s disease, these studies are
difficult to carry out in such disorders. The final
diagnosis of Alzheimer’s disease requires histopatho-
logical confirmation, the mean age at onset is very late,
and the validity of the family history method is very
low (Heun et al. 1996), which all constitute limitations
in genetic studies. Nevertheless, it is estimated that
25%-40% of cases of Alzheimer’s disease are familial,
i.e. with at least one other case of dementia in the
family (Van Broeckhoven 1996). Moreover, large
families have been identified in which the disease
was transmitted through several successive genera-
tions. Results of twin studies are rather inconsistent
(Nee et al. 1987). Hence, further twin and adoption
studies are required in order to separate genetic
and environmental endowments in dementia. Using
molecular genetic studies, four genes have been
identified that predispose to Alzheimer’s disease on
chromosome 1, 14, 19, and 21 (Van Broeckhoven
1996).



10 Future Research

57

9
Gene-Environment Interaction

The etiology of mood disorders is likely to be multi-
factorial, and both genes and environment may have a
pivotal role as etiologic or risk factors. Indeed, several
studies have pointed out the role of environmental and
psychosocial factors in the pathogenesis, onset, and
outcome of these diseases (Bauwens et al. 1991;
Pardoen et al. 1993). Environmental factors may also
include biological factors such as infections, which
may affect gene expression. However, the precise
contribution of genetic and environmental factors to
disease etiology is not yet firmly understood in
psychiatric disorders, and nor is the way in which
these factors may interact.

How genes and environmental risk factors interact
to produce a disease is a very complex task to
investigate. True gene-environment interaction re-
quires variations in both the environment and the
genetic predisposition. So far, most of the published
literature has used an “additive” model, in which
genetic and environmental factors combine to produce
a disease. There is, however, growing evidence that
other models should be considered (Kendler and Eaves
1986). In a second model, genes do not directly alter
the probability of illness. Rather, they control the
degree to which the individual is sensitive to the risk-
increasing or risk-reducing aspects of the environ-
ment. In this model, one allele conveys sensitivity and
another one insensitivity to the environment.

In a third model put forward by Kendler and Eaves,
genes control exposure to the environment. For
instance, a gene can produce personality traits such
as impulsiveness, personal stability, and frustration
tolerance. The likelihood that this individual will
experience more life events (predisposing environ-
ment) such as job and relationship changes is higher.
This gene can thus predispose an individual to
depression, but only by increasing its chance of
experiencing life events. Moreover, to add to this
complexity, genetic effects can result from the inter-
action of several loci, and the environmental effects are
likely to be more complicated than being either
“protective” or “predisposing.”

The quantitative aspects of psychosocial or environ-
mental factors can confer an advantage for genetic
studies. Diseases such as hypertension and coronary
heart disease are characterized by multiple intermediate
quantitative traits or risk factors that are likely to play
important roles in the susceptibility of individuals to
develop such illness (Moldin 1994). Such quantitative
traits are correlated with liability to affection and
provide much more information than grouping indi-
viduals into affected or unaffected classes.

None of the molecular genetics studies performed so
far has properly taken into account psychosocial
factors. This prompted the elaboration of a large
collaborative project investigating gene-environment
interaction (BIOMED: EC Concerted Action on Affec-
tive Disorders: Interaction Between Genetic and Psy-
chosocial Vulnerability Factors, led by J. Mendlewicz).
The quantitative effects of certain relevant psychoso-
cial vulnerability factors, such as social adjustment,
the level of self-esteem, and other dimensional aspects
of personality, on gene expression are evaluated
through association, sib-pair, and linkage analyses.
To verify the gene-environment interaction hypothe-
sis, a model testing the relationship among selected
variables, genes, and psychosocial factors has been
defined. A specific statistical approach, defined as
structural equation modeling (SEM) (Neale and Car-
don 1990), will be used in order to test the validity of
the model.

10
Future Research

Improved clinical strategies are needed to carry out
genetic studies in psychiatry in order to minimize
problems arising from clinical heterogeneity. New
epidemiological genetic studies should focus on
clinical definitions of major psychiatric disorders.
Unreliability is often viewed as a major problem in
psychiatric diagnosis, but this might be overestimated
(Kringlen 1993). A criteria-based diagnostic system
such as DSM-IV or ICD-10 can lead to reliability or
agreement between clinicians. The central problem is,
however, validity. How true or meaningful are
these diagnostic classifications? These classifications
have not solved the problems of clinical heterogeneity,
and they inevitably lead to the inclusion of pheno-
copies.

The relationship between SA disorder, schizophre-
nia, affective disorders, and personality traits such as
schizotypal personality disorder should be further
investigated. The border between the “schizophrenia
spectrum” and the “bipolar spectrum” has to be
further refined. This is mandatory, since molecular
linkage analyses need to specify the affected status of
each family member. Hence a wrong specification
of the affected or unaffected status limits the power of
any linkage analysis. Inclusion of phenocopies as
“genetic cases” in linkage analysis weakens the
evidence for linkage. The exact mode of transmission
is still unknown in the majority of psychiatric disor-
ders. Misspecification of the genetic parameters of the
phenotype may also lead to errors in linkage studies
(Ott 1991). Segregation analyses using a large sample
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size to test the polygenic model of inheritance still
need to be performed. '

Finally, genetic epidemiological studies have been
traditionally used to validate nosology, diagnostic
criteria, or classification. These methodologies will be
useful to validate new proposed diagnostic categories
(DSM-1V) such as premenstrual dysphoric disorder,
simple deteriorative disorder (simple schizophrenia),
and binge-eating disorder. The overlap between these
new proposed diagnostic categories and depression,
schizophrenia, affective disorders, and eating disorders
can also be well analyzed by family, twin, and adoption
studies.

Investigation of gene-environment interactions is
one of the most promising areas dealing with complex
and multifactorial diseases such as psychiatric disor-
ders. Elaboration of new dimensional instruments to
assess behavioral quantitative traits of psychiatric
disorders, personality, and environmental factors
should be a primary goal in order to refine the next
generation of linkage, sib pair, and association studies.
Gene-environment interactions need to be further
investigated in large-scale collaborative epidemiologi-
cal and molecular studies.

1
Conclusion

Strategies such as family, twin, adoption, and segre-
gation studies have been the main source of genetic
epidemiologic data in psychiatric disorders. These
strategies have consistently demonstrated the impli-
cation of genetic vulnerability factors in the etiology
of major psychiatric disorders. The results have
prompted a fascinating worldwide effort to map the
genes involved in these diseases. Furthermore, find-
ings from genetic epidemiological studies, such as
segregation data compatible with a sex-linked inher-
itance in some families or anticipation in BPAD and
UPAD, have generated interesting molecular testable
hypotheses. Hence genetic epidemiologic studies
should remain in the forefront of genetic research,
since they provide the rationale and clues for molec-
ular research.
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1
Introduction

The relatively new disciplines of molecular genetics
and molecular biology have revolutionized the study of
biology and medicine, and at least a passing familiarity
with these subjects is now a requirement for reading
and comprehending the contents of almost any major
biomedical journal. Every week, disease genes are
mapped or identified, and it is expected that in the
near future this plethora of positional and structural
genetic information will be translated into detailed
functional data that will unravel the aetiology of
otherwise poorly understood diseases and ultimately
lead to improvements in their treatments.

After a period of false optimism in which dramatic
(but ultimately unfounded) claims were made about
the mapping of major genes for schizophrenia and
bipolar disorder, psychiatric genetics is also now on
the threshold of major advances as a result of the
application of new paradigms, molecular techniques
and statistical methods. In this chapter, we present a
guide to the theory and rationale behind the most
common approaches in molecular genetics and illus-
trate their utility, giving examples from studies of
schizophrenia and bipolar disorder.

2
From Genotype to Phenotype

Until relatively recently, molecular genetic research
was mainly concerned with observable characteristics
(phenotypes) with simple patterns of transmission in
which there is a straightforward relationship between
genetic endowment (genotype) and phenotype. For
example, if a single copy of a mutation in one gene is
sufficient to cause disease, then inheritance is domi-
nant, but if both copies of a gene are required to carry
a mutation for a phenotype to be observed, then
transmission is recessive. Huntington’s disease and
phenylketonuria are, respectively, classical examples of
dominant and recessive traits of psychiatric relevance.
Sex linkage represents a further form of simple
transmission, complicated by the fact that males only
have a single X chromosome, which is always trans-
mitted by the mother, and females carry two copies of
the X chromosome, one of which is largely inactivated.

While there are numerous examples of simply
transmitted phenotypes, most common familial dis-
eases (e.g. heart disease, diabetes, arthritis, asthma,
inflammatory bowel disease and most psychiatric
disorders) display more complex patterns of transmis-
sion. The expression of these phenotypes may require

the inheritance of mutations within a small number of
genes (oligogenic inheritance), numerous polymor-
phisms within numerous genes (polygenic inheritance)
or a combination of both DNA variation and environ-
mental factors (multifactorial inheritance). Common
diseases may well display a mixture of the above. Thus
there may be uncommon forms of a disease that are
caused by single genes, some by the action of a few
genes and others by a combination of a few genes of
moderate effect operating in a multifactorial back-
ground. Under these circumstances, the concept of
genetic susceptibility to disease is more useful than
that of simple genetic causation.

3
From Phenotype to Genotype

The ultimate goal of molecular genetics is a complete
understanding of the molecular basis of phenotypes,
but the first task is to establish the precise nature of the
DNA sequence variation responsible. Since this may be
simply a single base pair change out of the 6 x 10° base
pairs in the human diploid genome, this is a daunting
task. The task may be simplified by clues offered by an
association between gross chromosomal abnormalities
and the phenotype, but commonly no such clues are
available. Under this circumstance, the challenge is to
identify pathogenic or susceptibility sequences purely
on the basis of their map positions in the genome. The
power and appeal of this approach, called positional
cloning, lies in the fact that disease genes can be
identified and their functions dissected even where the
pathophysiology of the disease is completely unknown.

Although there are variations in detail, the first step
in positional cloning is to identify the approximate
chromosomal location of the disease genes by linkage
analysis. Once this has been achieved, the region is
narrowed to a more manageable size using more
detailed linkage analysis or linkage disequilibrium
methods. Finally, the genes that map within this
relatively small area are identified and their sequences
scanned for variations that may be responsible for the
phenotype. These approaches will be described in
more detail below.

4
DNA Markers

DNA markers have largely replaced the classical
genetic markers (e.g. ABO blood typing) that were
first used in human linkage and association studies.
DNA markers are sequences with a defined map
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position in the genome which show common sequence
variation (polymorphism) in the general population.
At present, the most commonly used markers are di-,
tri- or tetranucleotide repeats, also known as simple
sequence repeat markers which consist of a repetitive
sequence, e.g. the dinucleotide CA, flanked by a
known specific sequence. Such simple sequences often
display allelic variation in the number of repeats units,
e.g. a particular marker may have four possible alleles
containing 16, 17, 18 or 19 repeats. Although in the
past it was a cumbersome business, measurement of
repeat number can now be relatively easily performed
using the polymerase chain reaction (PCR), which
allows chosen sequences of DNA to be amplified to
detectable amounts. The size of the PCR products, and
hence the number of repeat units, can then be simply
determined by its relative mobility during size frac-
tionation by electrophoresis in a gel matrix.

5
Recombination and Linkage

During meiosis, recombination events result in inde-
pendent segregation of most of the genome, and this
applies even to sequences on the same chromosome.
However, within limits, the probability that a recom-
bination event will occur between two markers is
roughly proportional to the physical distance (in base
pairs) between the markers, and it follows that markers
located close to each other will not be randomly
separated by recombination. Such markers will there-
fore tend to be inherited together, deviating from the
law of independent segregation. This tendency for co-
inheritance is called linkage. The approximate rela-
tionship between physical distance and recombination
frequency gives rise to the concept of genetic distance,
which is usually expressed in centimorgans (cM).
A genetic distance of 1 cM between two markers
means that they are separated in one meiosis out of
100, which corresponds to a physical distance of
approximately one million base pairs.

From the discussion so far, it should be apparent
that, in general terms, the shorter the distance between
two markers, the greater the tendency for their co-
inheritance and the tighter the linkage between them.
However, there are limits to this principle. Recombi-
nation occurs between homologous chromosomes
when they exist in a quadruple structure (after DNA
replication, each chromosome is duplicated into pairs
of chromatids “pinched” in at the centre) and only
involves one of the pairs of chromatids for each
chromosome. Therefore, the maximum recombination
frequency that can be observed is 50%, because there
will also be a non-recombinant copy to be transmitted,

even if markers are separated by such a large distance
that at least one recombination event will always take
place between them. Another source of discrepancy
between genetic and physical distance occurs because
some chromosomal regions have greater or less than
average tendencies for recombination. Markers flank-
ing these regions will therefore be separated by genetic
distances that are respectively greater and less than
would be expected by their physical separation.
Similarly, recombination events are more common
in the female than the male germline, although the
physical size of the chromosomes do not differ.

The principles of genetic linkage apply readily to
simple traits exhibiting classical patterns of inheri-
tance, because the simple transmission patterns make
it easy to infer the presence or absence of the (as yet
unknown) disease genotype from the phenotype.
Disease and non-disease status can therefore simply
be treated as different alleles of a genetic marker, and
the task is then a simple one of finding mapped
markers (i.e., markers of known position in the
genome) that are co-transmitted with disease status
more often than by chance in large pedigrees with
multiple affected members.

In practice, it is possible to systematically map
a dominant disease gene fairly rapidly and surely by
linkage using an evenly spaced set of as few as 200
genetic markers about 20 cM apart covering the whole
genome, since the sex-averaged genome length is
approximately 3700 cM.

However, there are problems of simply applying
linkage to complex traits with unknown modes of
inheritance such as schizophrenia or manic depres-
sion. The method is most powerful when there is
a simple causal relationship between the presence of
a disease mutation and a phenotype. However, if only
susceptibility to disease is transmitted, an individual
may well inherit the susceptibility mutation and its
linked genetic marker, yet never express the disease.
Alternatively, in the absence of a test to determine
susceptibility prior to the onset of disease, an individ-
ual at the time of study may be rated as unaffected only
to become affected several years later. In the face of
genetic heterogeneity, even if genes of fairly large effect
do exist, different families may transmit disease genes
on different chromosomes. All these factors conspire
to create errors in the inference of genotype and
therefore make it much more difficult to detect linkage.

The obstacles described above can be partly
addressed by computer programmes for linkage
analysis if the mode of inheritance is approximately
known and if there are genes of at least moderate effect
involved. However, if the mode of inheritance of
the disease being studied is unknown, the factors
above cannot be accurately controlled for and this
leads to significant loss of power. This is particularly
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problematic in studies of large pedigrees with affected
individuals in multiple generations, because errors of
inferred genotype made in one generation have a
cumulative effect on the analysis of subsequent gen-
erations. The effect can be so severe that a change in
diagnosis of a relatively small number of individuals
can drastically reduce the evidence favouring linkage.

Because of these problems with classic linkage
approaches, researchers investigating complex traits
are turning their attention to smaller families. In this
approach, linkage is detected by the transmission of a
marker allele to pairs of affected siblings more often
than expected by chance. This overcomes the problem
of individuals that are currently unaffected yet des-
tined to become affected; in addition, there is no
knock-on effect in further generations, and smaller
genetic effects can be detected. These features make
this type of so-called affected sib-pair analysis more
robust to diagnostic error than large pedigree
approaches. More importantly, affected sib-pair meth-
ods are robust to misspecification of the mode of
transmission. Furthermore, it can be argued that
families with two affected individuals are more typical
of complex diseases such as schizophrenia and bipolar
disorder than large multi-generational families with
multiple affected individuals. Therefore, the results
obtained by studying affected sib-pairs may be more
generalizable to the aetiology of the diseases. The main
disadvantage of this approach is that it is much less
powerful than classical linkage analysis when it comes
to detecting genes of major effect that segregate in a
mendelian fashion.

6
Linkage Disequilibrium

The apparent success of newer, more robust linkage
methods in mapping disease genes that contribute to
complex traits such as diabetes, asthma and multiple
sclerosis gives cause for optimism that the approxi-
mate map positions of genes conferring susceptibility
to major mental disorders will soon be known.
However, because of the difficulties discussed above,
it will be difficult to firmly establish fine mapping by
linkage. Indeed, it is likely that regions defined by
linkage studies for most complex traits will be so large
that they may contain hundreds or thousands of genes
(Schuler et al. 1996), and it is therefore essential to
obtain a more precise localization before targeting
individual genes for analysis.

Currently, the best solution to this problem
takes advantage of the phenomenon of linkage
disequilibrium. When two loci map within a small
chromosomal region, they are only infrequently

separated by recombination during meiosis. Because
of this limited genetic shuffling, a small chromosomal
segment surrounding the disease mutation is likely to
contain a non-random distribution of marker alleles.
Consider a marker system containing two alleles A,
and A,, each of which is present with a population
frequency of 0.5 (i.e. 50% of chromosomes carry A,
and 50% A;). Subsequently, a disease mutation occurs
on a chromosome at a genetic distance from the
marker allele A; such that it is only separated by 1 cM.
Because the mutation is so close to the marker, even
after many generations most chromosomes carrying
the pathogenic mutation will also carry marker allele
A, which will therefore in turn be more common in
affected individuals than the allele frequency of 0.5 in
controls. This phenomenon, known as linkage dis-
equilibrium, can therefore be detected in genetic
studies as a difference in allele frequencies between
patients and controls. Because the two loci must be
positioned closely to each other for disequilibrium to
last long in the population, this approach allows a
much more precise localization than linkage. Why then
undertake linkage studies at all? The answer is that the
very property of linkage disequilibrium that allows
precise mapping also means that linkage disequilib-
rium cannot be detected at large distances. Therefore,
if the candidate region is not previously defined by
linkage, a very dense marker set probably containing at
least 2000 markers would be required to screen the
genome. While such a map exists, the labour involved
in genotyping is staggering, although this may soon be
surmountable using DNA pooling. Pooling strategies
allow DNA from perhaps up to 1000 individuals to be
mixed and subjected to PCR in a single tube. The
relative abundance of each PCR product then reflects
the allele frequencies. Although there are still technical
challenges, when these are overcome, the improvement
in throughput will certainly make genome-wide link-
age disequilibrium studies feasible.

A common problem that confounds linkage dis-
equilibrium studies is that the control group and the
sample of affected individuals must be tightly ethni-
cally matched, because allele frequencies may vary
dramatically between populations. This is called pop-
ulation stratification and may lead to a false appear-
ance of linkage disequilibrium simply because there is
a systematic difference in the genetic background (and
therefore the allele frequencies) of the patients and
controls. To overcome stratification, an important
advance in study design has been to use the parental
genotypes of affected individuals as a control. Dis-
equilibrium is now identified by the preferential
transmission of a particular allele to affected individ-
uals more often than would be expected by chance.
This is tested statistically by the haplotype relative risk
(the relative risk conferred by each haplotype) or by
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the transmission disequilibrium test (Spielman and
Ewens 1996). Since the parents are a perfect control for
the genetic background, this approach removes pop-
ulation stratification as a confounder, but does of
course increase the difficulty with which a large sample
can be obtained because of the requirement to have
living parents willing to participate.

7
Statistical Considerations

The application of statistics to linkage studies of
simple traits is relatively straightforward. Most com-
monly, support for linkage is assessed by a measure-
ment called the LOD score, which is a numerical value
corresponding to the logarithm of the odds that the
trait and marker are inherited in a pattern consistent
with linkage versus independent transmission of trait
and marker. In conventional studies, where the phe-
notype can be designated unambiguously and the
mode of inheritance is fully known, a LOD score of 3
(or an odds ratio in favour of linkage of 1000 to 1) is
considered as indicating that the evidence for linkage
is firm. A LOD score of minus 2 (odds of 100 to 1
against linkage) is taken as evidence for exclusion of
linkage. Although these odds ratios sound extremely
conservative, they correspond to conventional signif-
icance levels following a genome-wide search. Thus a
LOD score of 3 corresponds to a reliability of 95% that
linkage is present.

For complex traits, the situation is much more
uncertain. Inflated rates of false-positive results may
occur because of the use of multiple diagnostic
classifications (e.g. exploring the effect of a broad
versus narrow definition of the disorder) and the
exploration of multiple genetic models of transmis-
sion. The net effect of these is that a LOD score of 3
cannot be viewed as conservative evidence for linkage.
How then can we decide whether linkage is significant
or not? In the case of a single report, the LOD score
should be greater than 3, although there is no
consensus on exactly how much greater this should
be (Lander and Kruglyak 1995). One solution is to
undertake simulation computations to estimate how
frequently LOD scores of any given value are likely to
be observed by chance. However, irrespective of the
LOD score results and the simulation data, until
findings are independently replicated, all reports of
linkage concerning complex diseases should be viewed
as preliminary.

Affected sib-pair linkage studies are usually evalu-
ated by the more familiar p value, where p is the
probability that allele sharing in affected siblings has
occurred by chance. Again, because of the low prior

probability that any linkage observed is true, some
authors advocate a very conservative p value of 0.00002
(Lander and Kruglyak 1995). However, even then,
replication must be regarded as essential. In practice,
many groups pursue much weaker evidence for linkage
in the pragmatic hope that more significant values will
be generated or that suggestive reports of linkage will
be generated in a sufficient number of data sets to
provide strong evidence for linkage. The requirement
for replication, while necessary to avoid false-positive
results, carries its own problems, because even rela-
tively large studies carry low power to detect genes of
small or modest effect. Furthermore, replication of a
linkage finding where multiple loci are involved in
general requires a replication sample that is much
larger than that used in the original study. Therefore,
even a string of failures to replicate a finding may be
the result of type II error.

The statistical interpretation of linkage disequilib-
rium studies follows the same broad rules as for link-
age. Highly stringent requirements are made for results
to be viewed as significant, because the prior probability
of any marker being in linkage disequilibrium is small.
Again, all findings are provisional until replicated.

8
Positional Cloning - The End Game

After a manageable region of interest (approximately
10° bases or less) has been confirmed, the next step is
to identify the specific sequence variations in that
region that confer susceptibility to disease. A number
of complementary strategies may be used. However,
most first require the creation of a complete or almost
complete representation of the candidate region as
cloned DNA. In brief, DNA from the whole genome, a
single chromosome or even a fragment of a chromo-
some is broken into fragments. These are then
randomly inserted into “cloning vectors” that allow
replication of the human fragment in a host organism,
usually a bacterium or yeast. For example, genomic
DNA may be cut or physically broken into pieces of
approximately 10° bases in length, which are then
randomly inserted into yeast artificial chromosomes
(YACs). The YACs are then inserted into a host strain
of yeast which replicates the human DNA along with
its own. After many cycles of reproduction, each single
yeast organism that received a YAC will have grown
into a yeast colony containing many copies of that
single YAC. The YAC DNA can then be extracted,
yielding large amounts of that specific human DNA
fragment for further laboratory manipulation. A num-
ber of cloning systems are available, each with their
own advantages and disadvantages; for example, YACs
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and bacterial artificial chromosomes (BACs) carry
relatively large fragments of DNA. Intermediate sizes
of DNA are carried by P, artificial chromosomes
(PACs), cosmids and some phage, and relatively small
fragments of DNA are carried by phage and plasmids.
Phage vectors are derived from natural viruses that
infect bacteria; plasmids are circular DNA inclusions
that occur naturally in bacteria (conferring antibiotic
resistance, for example); and cosmids are hybrids
derived from plasmids and phage. All these vectors
have been modified to allow replacement of some of
the original vector DNA with human fragments,
allowing insertion and replication of the vector-human
recombinant in bacteria such as Escherichia coli.

The next step is to isolate a series of individual
clones containing DNA fragments originating from the
candidate region until the whole region of interest is
represented in the test tube. In fact, the procedures
briefly outlined here are highly complex, but several
genome mapping centres have now established a series
of overlapping clones representing an almost complete
genome. In principle, therefore, a rough but imperfect
representation of almost any candidate region can be
ordered “by catalogue.” There is, however, still a
considerable amount of work required in putting
together a map with fine enough resolution for the
next phase of work.

Most of the genome has no known function and is
sometimes referred to (perhaps erroneously) as “junk”
DNA. The next stage therefore usually involves iden-
tifying the relatively small proportion of the DNA
within the region which corresponds to genes and is
transcribed to messenger RNA. Again, work in a
number of centres is underway to establish a complete
map containing the position of every human gene, and
at present 16,000 of the total anticipated 50,000-
100,000 genes have been mapped (Schuler et al. 1996).
When this work is complete, it will be possible to
identify all the genes within a candidate region by
consulting a database. Until then, the human gene map
can be supplemented by maps from other species using
the phenomenon of synteny. Regions of synteny are
large stretches of DNA in which the order and identity
of genes is conserved between species despite major
differences in the organization of their genomes.
Therefore, if two genes are known to map to a
candidate region in humans, and their map positions
are conserved in a different species, e.g. mouse, a
database of the mouse genome can be consulted to see
whether there are any other genes within the syntenic
mouse region which may also map to the candidate
region for the human disease.

At present however, individual research groups
must usually identify coding sequences from their
own candidate regions. This is most commonly done
by elegant techniques such as “exon trapping” or

“direct cDNA selection.” cDNA is DNA which has been
synthesized from mRNA and therefore consists of
relatively “junk”-free DNA. The detail of these meth-
ods is beyond the scope of this chapter, but briefly, in
exon trapping, small genomic fragments from the
candidate region are inserted into mammalian cells in
a special cloning vector which allows the host cells to
excise non-coding (intronic) sequences, while express-
ing the coding sequences (exons). In direct cDNA
selection, fragments of genomic DNA are mixed in
solution with cDNA synthesized from a tissue of
interest. By base pairing, the cDNAs corresponding to
the coding parts of a specific genomic DNA fragment
adhere to it and can then be “fished” out of solution
(Lovett 1994).

However identified, the next stage involves looking
at affected individuals and controls for differences in
the sequences of genes from the candidate region. The
sequence of genes can be compared definitively by
sequencing in patients and controls, but while this is
technically feasible it is still laborious. Therefore,
short-cut methods for detecting sequence variation
are usually used. These methods rely upon inferring
differences in sequence from indirect measures, e.g.
differences in mobility, sensitivity to enzymatic degra-
dation and differences in thermal stability. These
methods have the advantage of being much faster than
sequencing, but share the common disadvantage that
they are not usually 100% sensitive.

Having identified sequence variations within genes
in the candidate region, the final stage in positional
cloning is to determine which of these are involved in
the disease. Where there is a simple relationship
between genotype and phenotype, this process is
relatively straightforward, since the sequence variation
is not expected to be present in controls but will be
present in affected individuals (for recessive condi-
tions, two copies may be required in patients and one
may be present in some controls). Where sequence
variations merely confer susceptibility, they may only
be present at a higher frequency in patients than
controls. However, as we have seen earlier, polymor-
phisms flanking the relevant mutation may be in
linkage disequilibrium, and therefore many that are
not relevant to pathogenesis may be present at a higher
rate in patients than controls.

The task of distinguishing between sequence varia-
tion resulting from linkage disequilibrium and that
directly involved in a disease is not straightforward.
However, as a guide, a sequence variation that has a
direct involvement in disease should:

1. Have a demonstrable impact upon the abun-
dance, function, sequence or distribution of the
encoded protein and therefore be of biological
importance
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2. Be demonstrable in affected individuals from dif-
ferent populations, (because linkage disequilibrium
is minimal across genetically diverse populations)

Definitive proof that a polymorphism can contribute
to the pathogenesis of a disorder requires further
molecular analysis, e.g. the demonstration of disturbed
cellular physiology in a manner compatible with the
disease process following the insertion of the abnormal
gene into cellular systems in vitro. Similarly, the obser-
vation of relevant pathophysiological or behavioural
changes following the “knocking out” (disabling) of
homologous genes in laboratory animals is highly
suggestive that at least the important sequence varia-
tion is within that particular gene. Finally, compelling
evidence is provided by the “rescuing” of animals
displaying relevant pathophysiological features by the
insertion of “normal” (wild-type) forms of the gene.

9
Positional Cloning Studies in Schizophrenia
and Bipolar Disorder

Despite the difficulties discussed in the preceding
paragraphs, it now seems that progress is finally being
made in the search for susceptibility genes for major
mental disorders. In the discussion that follows, we will
restrict ourselves mainly to a discussion of positive
findings that have so far achieved some measure of
support from more than one research group. The
reason for this is that, while it is important to report all
data (Lander and Kruglyak 1995), failures to replicate
findings are not particularly convincing evidence
against linkage.

9.1
Bipolar Disorder

Great interest has recently been directed at chromo-
some 18 following a report of linkage to markers for
this chromosome and bipolar disorder (Berrettini et al.
1994a). Although no significant LOD scores were
obtained in the complete sample, modest LOD scores
were obtained in some families if different models of
transmission were applied to different families. For
reasons discussed above, a model free sib-pair analysis
was then undertaken, and suggestive evidence for allele
sharing was found in the complete data set. The
following year, another group reported data for
markers on chromosome 18 (Stine et al. 1995), but
the results are difficult to interpret. Although some
excess allele sharing was found within the region
suggested by Berrettini and colleagues, the strongest

evidence for linkage was obtained families in which
transmission was restricted to the paternal side of the
family. In these families, a LOD score of 3.51 and allele
sharing (p = 0.00002) were achieved with marker
D18S41, which lies a considerable distance from the
area of maximum linkage identified by Berrettini and
colleagues. Interestingly, the data set in which linkage
to chromosome 18 was first reported (Berrettini et al.
1994a) has now been examined, and the pedigrees
divided according to the gender of the transmitting
parent. No pedigrees were found in which the disease
was transmitted by males alone. Instead, this group
was able to separate the pedigrees into those in which
transmission occurred through females and those in
which transmission occurred through both parents
(Gershon et al. 1996). Significant allele sharing was
observed primarily in the families in which both father
and mother transmitted the disease. Whereas the area
of maximal linkage in this study was on the short arm
of chromosome 18 (Gershon et al. 1996), the previous
study (Stine et al. 1995) found the maximum area
of linkage to be on long arm of chromosome 18.
Nevertheless, there was some overlap in the regions in
which there was some evidence for linkage between
studies, and it is conceivable that both groups have
identified evidence for the same locus.

Another group has recently reported the results of a
genome scan in Costa Rican pedigrees. Although no
marker gave convincing evidence for linkage, three of
the six markers giving the greatest LOD scores were
located on chromosome 18 (Freimer et al. 1996).
Because the Costa Rican bipolar pedigrees come from
an isolated population and the disease is believed to
originate from a few founders going back only about
seven generations or so, large areas of linkage
disequilibrium surrounding a disease locus can be
expected due to the relatively small number of meiotic
events separating all family members. In their study,
Freimer et al. (1996) found that most of the families
shared similar allelic variants across an 8-cM region of
chromosome 18, and using the more familiar case
control association approach, evidence for linkage
disequilibrium was obtained between some markers in
this region and bipolar disorder. Unfortunately, while
this region may possibly overlap with the area of
linkage in one of the previous studies (Stine et al.
1995), it does not overlap with the particular candidate
region that is shared by Stine and Berrettini. Therefore,
although several reports suggest that chromosome 18
contains a susceptibility gene for bipolar disorder, the
results are as yet inconclusive.

The second region of the genome that has continued
to provide controversy is the X chromosome. Reports
suggestive of linkage of bipolar disorder to the X
chromosome date back to the 1960s, when two large
pedigrees were reported in which bipolar disorder
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appeared to be co-inherited with colour blindness
(Reich et al. 1969). Despite the absence of any formal
evidence for X linkage in the pattern of transmission of
bipolar disorder, positive reports of linkage continued
to emerge, e.g. to a marker for blood clotting factor IX
(F9) and also glucose-6-phosphate dehydrogenase
(G6PD) deficiency (reviewed in McGuffin et al. 1994).
Unfortunately, the distance between some of these
markers is so large that the same manic depression
gene cannot be linked to all these loci. A re-evaluation
of G6PD in the linked families using DNA markers
(rather than the less informative and imprecise mea-
sures of G6PD enzyme activity) has considerably
reduced the previous evidence for linkage (Baron et al.
1993). Furthermore, evidence for linkage to F9 has also
diminished after a re-analysis of the other main data
set that had provided strong evidence for linkage
(Mendelbaum et al. 1995). However, just as the tide
appeared to be turning decisively against X linkage, a
maximum LOD score of 3.54 has recently been
obtained with markers close to F9 (Pekkarinen et al.
1996). It is therefore premature to regard the X-linkage
hypothesis of bipolar disorder as disproven.

While chromosome 18 and the X chromosome are the
regions of potential linkage that have sparked the
greatest interest, a number of other regions are currently
considered “hot spots”. These include the long arm of
chromosome 21, the long arm of chromosome 12 and
the short arm of chromosome 4 (Risch and Botstein
1996). The latter result (Blackwood et al. 1996) appears
to meet criteria for significant linkage, but as yet it does
not meet the more important criterion of replication.

9.2
Schizophrenia

The first result in schizophrenia of continued interest
originated from a conventional genome search in large
families which yielded weak evidence for linkage to the
long arm of chromosome 22. Despite an initial multi-
centre “replication” study that was negative, weakly
positive data from this region was produced by a
number of independent groups, and a meta-analysis of
data from 11 centres using the more robust sib-pair
approach suggested (p = 0.001) that there is a locus for
schizophrenia in this region (Schizophrenia Collabo-
rative Linkage Group 1996).

Linkage disequilibrium methods have been applied
in an attempt to refine the putative linkage to
chromosome 22. In addition to the encouraging
reports of linkage, this region has been targeted
because a dysmorphic deletion syndrome (velo-
cardio-facial syndrome) which may carry a high risk
of psychotic illness maps adjacent to this region. Two
groups were able to demonstrate significant allelic

association between schizophrenia and alleles of the
marker D225278 (Vellada et al. 1995; Moises et al.
1995). However, the findings of Moises and colleagues
were not statistically significant after correction for
multiple testing. Further studies of linkage disequilib-
rium in this region are required for definitive results.

A second putative gene for schizophrenia has been
mapped to chromosome 6p24-p22 in two overlapping
data sets consisting of more than 250 small Irish
pedigrees (Wang et al. 1995; Straub et al. 1995). The
data suggest that either a single major locus for
schizophrenia maps to this region in 15%-30% of
families or, alternatively, that there is oligogenic
inheritance. Three independent groups have subse-
quently reported suggestive, but not significant link-
ages to 6p (O’Donovan and Owen 1996b). Although the
exact location of the strongest evidence for linkage
varies between studies, there is an overlap in the linked
area, and it seems likely there is a susceptibility gene
for schizophrenia in this region, albeit of small effect.
It is interesting that this area also contains the HLA
complex, which was explored prior to the advent of
DNA markers for possible involvement in schizophre-
nia (McGuffin et al. 1994).

As other genome searches approach completion,
more regions can now be classified as “hot spots” or
potential areas of linkage. These include the short arm
of chromosome 8 and the long arm of chromosome 13
(O’Donovan and Owen 1996b). None of these meet
stringent levels of significance, and attempts to extend
them are under way using collaborative data sets from
multiple centres.

10
Candidate Gene Approaches

In the preceding discussion, we have considered
strategies for identifying genes where the pathophys-
iology of the disease is completely unknown. However,
where there are some clues to the aetiology of a
disorder, a different approach is possible. Instead of
identifying susceptibility genes on the basis of their
map position, genes can be selected on the grounds
that their function suggests a possible role. The
associations between HLA genotype and several dis-
eases in which “auto-immune” mechanisms are
thought to be involved, such as ankylosing spondylitis,
diabetes and rheumatoid arthritis, are probably the
best known examples of these.

Initially, polymorphisms in or around candidate
genes are identified in patients as described earlier,
and then evidence for either linkage or linkage
disequilibrium is sought using the identified sequence
variations as genetic markers. The potential benefit of
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this approach is that most studies benefit from a
considerable increase in power if the markers are
located close to the pathogenic sequence. Furthermore,
if one chooses the candidate gene with skill or good
fortune, disease genes can be identified without the
whole complex procedure of positional cloning.

In practice, the grounds for choosing candidate
genes for mental disorders are unsatisfactory because
of uncertainty concerning aetiology. The more obvious
candidates are genes involved in dopaminergic and
serotonergic transmission in schizophrenia and genes
involved in adrenergic and serotonerigic transmission
in affective disorders. A large number of such studies
have now been undertaken, but the findings are largely
unimpressive and, at the time of writing, there are no
firm findings of allelic association in bipolar disorder.
There is, however, still some interest in inconclusive
reports of an association between bipolar disorder and
tyrosine hydroxylase (Leboyer et al. 1990), and more
recently between both unipolar and bipolar disorder
and the serotonin transporter (Ogilvie et al. 1996).
Interestingly, a functional polymorphism in the pro-
moter region that affects expression of the latter
appears to be associated with neuroticism, although
this awaits replication (Lesch et al. 1996).

In schizophrenia, there are some results that have
rather more substance. The first concerns a polymor-
phism in the dopamine D3 receptor gene (DRD3).
Several groups have now reported increased rates of
homozygosity for this polymorphism in schizophrenic
patients and, despite a number of negative reports, a
recent meta-analysis of 23 data sets supports the
findings (Williams et al. 1998). Moreover, the meta-
analysis suggests that the effect is present primarily in
males. A second finding of interest concerns an
association between a polymorphism in the 5HT2a
receptor gene and schizophrenia. This was first
observed in a small Japanese study, but has now been
replicated in a large European collaborative study
(Williams et al. 1996). Should these findings ultimately
be unambiguously confirmed, it should be noted that
sequence variations in these genes make only a small
contribution to the overall susceptibility to schizo-
phrenia. Furthermore, the criteria suggestive of direct
involvement in disease have not been met, because
neither variation has any apparent functional conse-
quences. The results of functional studies are therefore
keenly awaited.

1"
Novel Types of Inheritance

Until now, we have considered DNA sequences that
(with the exception of uncommon new mutations) are

transmitted unaltered between generations. However,
recent evidence suggests that other mechanisms may
operate in some psychiatric disorders, namely dynamic
mutations and genomic imprinting.

1.1
Dynamic Mutations

Expanded trinucleotide repeats were first described in
the gene responsible for fragile X mental retardation
syndrome and have subsequently been discovered as
the mutation mechanism underlying several neurolog-
ical and neuropsychiatric disorders, such as myotonic
dystrophy, Huntington’s disease and a number of
spinocerebellar atrophies (O’Donovan and Owen
1996a). Trinucleotide repeats are simple sequences
consisting of three bases (e.g. CAG) repeated consec-
utively several times. Such sequences are sometimes
polymorphic in the general population but, as far as is
known, most of this variation is without any pheno-
typic consequences. However, in some circumstances,
where the repeat sequence is associated with a gene,
the possession of a repeat number beyond a certain
threshold may cause disease. For example, Hunting-
ton’s disease is caused when the CAG repeat number is
greater than 36 or 37 repeats in what is now known as
the huntingtin gene on chromosome 4p.

Pathogenic expanded trinucleotide repeats are
sometimes called dynamic mutations because the
repeat number may increase or decrease during
transmission from parent to offspring. Another impor-
tant feature of dynamic mutations is that, in most
cases, as the repeat number increases, the correspond-
ing phenotype is either more severe or is expressed at
an earlier age. Consequently, changes in repeat size
between generations may result in phenotypic varia-
tion between parent and offspring. Usually, there is a
tendency for repeat number to increase in subsequent
generations, leading to a progressively more severe
phenotype or earlier age of onset in a pedigree. This
progressive change is called anticipation, and its
presence suggests the operation of an expanded
trinucleotide repeat mechanism, although there may
also be other as yet unknown biological explanations
for this phenomenon.

Several recent studies have suggested that anticipa-
tion occurs in the transmission of both schizophrenia
and bipolar disorder, but it is still not certain whether
this is a real phenomenon or whether it results from
sampling biases (O’Donovan and Owen 1996a). Nev-
ertheless, independent evidence has recently been
obtained suggesting that expanded CAG or CTG
trinucleotide repeats may contribute to the patho-
genesis of both disorders. Using a technique called
repeat expansion detection (RED), which measures
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the largest trinucleotide repeat in genomic DNA,
several groups have found that patients afflicted with
either disorder have, on average, larger CAG/CTG
repeats than controls (O’Donovan et al. 1996). This
opens the possibility that some of the apparently
complex patterns of inheritance of these disorders
(e.g. marked variation in phenotypic severity and a
high prevalence of “sporadic” cases) might be attrib-
utable to expansion and contraction of a CAG repeat.
Recently, a large European multi-centre study has
provided further strong support for the involvement of
CAG/CTG repeats in both disorders, but definitive
proof will require the identification of the specific
repeats associated with the disorders (O’Donovan et al.
1996).

11.2
Genomic Imprinting

Certain DNA sequences have different properties
depending upon whether they are transmitted by the
father or the mother. This phenomenon, called geno-
mic imprinting, is illustrated perhaps most dramati-
cally by Prader-Willi and Angelman’s syndromes.
Although these syndromes are very different pheno-
typically (McGuffin et al. 1994), they are both usually
the result of micro-deletion of the long arm of chromo-
some 15. However, Prader-Willi syndrome occurs from
a deletion of the paternal chromosome, whereas
Angelman’s syndrome is the result of a deletion in
the maternal chromosome. Less commonly, these
syndromes may be caused by uniparental disomy,
which means that both copies of a chromosome are
inherited from one or other parent. Prader-Willi
syndrome then arises when both copies are from the
mother (equivalent to a complete deletion of the
paternal chromosome), and Angelman’s syndrome
when both are from the father (equivalent to a
complete deletion of the maternal chromosome). The
precise molecular mechanism underlying genomic
imprinting is not completely known, but it seems
likely that one mechanism is that some genes are
differentially inactivated or activated during gameto-
genesis by the addition or removal of methyl groups
from regulatory regions of DNA.

Genomic imprinting is suggested at the phenotypic
level by a sex difference in the likelihood of transmis-
sion of a disease in the absence of a difference in the
prevalence of the disease by gender (distinguishing it
from sex chromosome linkage). Such a pattern has
been observed in the families of one of the studies
suggesting linkage of bipolar disorder to chromosome
18 (Stine et al. 1995), although, as discussed above,
these findings are not conclusive.

12
Animal Models

As we have seen, even diseases with apparently
complex inheritance are now susceptible to dissection
using modern approaches to genetic analysis. However,
it is also clear that major difficulties remain, particu-
larly as the size of the genetic effect decreases. One way
to overcome these difficulties is to use animal models of
the phenotype. Animal models confer a number of
major advantages. Firstly, most experimental animals,
e.g. mice, produce large litters in a short period of
time, thus providing large numbers for analysis.
Secondly, environmental variables can be strictly
controlled and therefore minimized (or maximized)
in animal experiments. Thirdly, animals can be sub-
jected to specific breeding programmes designed to
maximize the detection of genes of small effect. Several
breeding paradigms have been successfully used to
map complex traits such as stroke, cancers, epilepsy,
obesity and diabetes (Frankel 1995). Here, we will just
mention one that has recently been used to map genes
of neuropsychiatric interest; the F, intercross.

The first step is to identify inbred strains of animals
(usually mice) that have high (strain A) and low (strain
B) scores for the phenotype of interest. It is a
characteristic of inbred strains that members of each
strain are effectively genetically identical and are
homozygous for all alleles in the genome. Thus strain
A has genotype AA at every map position, and strain B
possesses genotype BB. The two inbred strains are then
crossed to produce an F; generation. Each F; member
carries a single copy of every allele from both
progenitor strains and is also effectively genetically
identical (genotype AB at every locus). Members of the
F, generation are then bred or intercrossed, which
allows recombination to take place and results in F,
offspring. At any given locus, an F, animal may possess
one of the following genotypes: homozygous AA, het-
erozygous AB or homozygous BB. If progenitor A has
high scores for the phenotype, then animals in the F,
generation that have high scores for the phenotype
should tend to be homozygous for the A alleles, and
low scorers should carry homozygous alleles from
strain B (ignoring any dominant gene effects). More-
over, because there is effectively only one generation
during which recombination has taken place (the F,
generation, being genetically identical, does not
count), large chromosomal regions surrounding the
mutations of interest will be in linkage disequilibrium,
and therefore fairly distant markers will also tend to
display the genotype AA or BB around the mutation of
interest in high and low scorers, respectively. The task
is then one of testing for allelic association, but
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because of the large areas of linkage disequilibrium,
only a few hundred markers are required.

Regions of putative linkage can then be more
precisely defined by examining animals that are more
distantly related, e.g. by examining outbred animals
strains. This is similar to a case control association
study in humans. Finally, the identification of the
genes responsible for the phenotype in the animals is,
in principle, similar to end-point positional cloning in
humans. These genes then become candidate genes in
human linkage disequilibrium studies.

Although this approach is very appealing, there are
few obvious models for major mental illness. No
animal model can expect to fully emulate the com-
plexity of behavioural traits such as schizophrenia and
manic depression. However, even modelling some of
the features of a disease affords the possibility of
uncovering some of the genes that contribute to it. At
present, models of alcoholism, drug abuse, anxiety and
depression are available and have been used. For
example, an approach which modelled “emotionality”
has recently mapped a number of loci (Flint et al.
1995), and similar approaches have been successful in
mapping loci that may be related to drug abuse and
alcoholism (Berrettini et al. 1994b). However, it
remains to be seen whether the genes associated with
the phenotypic traits in rodents contribute to the
modelled behaviour in humans.

13
Concluding Remarks

In contrast with the dramatic “advances and retreats”
of the past (O’Donovan and Owen 1992), research into
the molecular genetics of mental disorders is now
entering a period of slow, consolidating advances
(O’Donovan and Owen 1996b). Tentative, but sugges-
tive findings of linkage are emerging for both schizo-
phrenia and bipolar disorder, and as more genome
scans reach fruition, more of these can be expected.
The main challenge remains how to move from these
results to precisely delineated regions of linkage. This
will almost certainly require the use of large samples of
families containing affected relative pairs and of
unrelated individuals for linkage disequilibrium map-
ping. A second challenge will be to develop method-
ologies to facilitate the genotyping of large samples,
and several promising strategies are now on the
horizon, including DNA pooling and DNA chip
technologies. Data from genetic studies of animal
models may be useful here, both in the primary
identification of potential regions of linkage by
synteny, but also of specific genes within candidate

regions by homology. Finally, methods are required
that will allow the selection and mutation screening of
the large number of candidate genes that are expected
to map to a particular candidate region. Again, we can
be optimistic that data from the Human Genome
Project and technical advances in mutation detection
will mean that these difficulties should not prevail.
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1
Introduction

This chapter will describe transgenic techniques that
permit experimental manipulation of gene expression
in the mouse. These techniques create specific and
permanent changes to the germline of experimental
mice, and these strategies have been fruitfully applied
to the study of oncology, immunology, development,
and more recently neurobiology and behavior. Specif-
ically, in the area of neurobiology, modification of gene
expression in the mouse has permitted direct assess-
ment of the role of specific genes in the development of
neural physiologic processes and in regulating behav-
ior. Since this technique and its application to mouse
behavior may seem far removed from the subject of
human psychiatric disorders, we will first begin with a
review of some basic concepts in molecular biology,
followed by a brief introduction that will place the
transgenic mouse strategy in the context of other
genetic approaches to studying behavior.

2
Molecular Basis of Gene Expression

2.1
Chromosomes and Genes

Figure 1 will be a helpful aid to the reader in this
section. A chromosome is a linear piece of DNA that is
comprised of elements called genes. The human
genome is comprised of 23 chromosome pairs that
are packaged in the nucleus (mice have 20 chromo-
some pairs). Genes contain two parts: a coding
region that specifies the sequence of a messenger
RNA (mRNA), and a promoter region that specifies
the temporal and spatial expression properties of the
mRNA. Consistent with these two aspects of a gene,
the chromosomal DNA serves two functions: it acts as
a stable record of an organism’s genetic information,
and it is a dynamically regulated template that allows
for selective expression of genes. The information-
carrying function of DNA is intrinsic to its double-
stranded structure and its mode of replication. The
dynamic aspects of gene regulation are provided by the
promoter. The promoter region confers the ability of a
gene to be expressed during certain times in develop-
ment and to be expressed in some cells but not others.
This regulatory function is crucial, because each cell in
an organism (except for the gametes) contains exactly
the same genetic information - a complete copy of all
genes. What determines the fate of a cell is the genes
that it expresses. Thus a neuron is a neuron and not a

kidney cell because of the repertoire of genes that it
expresses. Each cell expresses approximately 15%-30%
of the available genes (15,000-30,000 of an estimated
100,000 genes in the human genome). In Fig. 1, the
promoter is shown to be comprised of an enhancer
(that confers temporal and cell-specific expression)
and a TATA box (where the RNA polymerase will
begin transcription). A gene becomes transcriptionally
active when the enhancer elements of a gene loop
toward the RNA polymerase binding site and activate
the RNA polymerase. Thus an RNA copy of one strand
of the gene is made (transcription).

2.2
Ribonucleic Acid

An RNA intermediate between genes and protein is
required because chromosomes stay in the nucleus,
but proteins are made in the cytoplasm of cells. Thus
an intermediate step is needed to get a copy of the gene
out to the cytoplasm. Enzymes in the nucleus (RNA
polymerases) create copies of genes in the nucleus in a
process called transcription. The nuclear RNA tran-
script is a “raw” copy of the gene, containing both
exons and introns.

23
Exons and Introns

As shown in Fig. 1, the coding region of the gene is
comprised of exons and introns. The coding informa-
tion for a protein is carried on exons. Exons are
separated by stretches of sequence called introns. Only
eukaryotic organisms have introns that interrupt the
exon sequences, and their function is not known
(prokaryotes do not). As shown, a gene always begins
with an exon and ends with an exon. The first and last
exons of a gene will contain some sequence that will
never be translated into protein (therefore called the
5'- and 3'-untranslated region of the mRNA).

2.4
RNA to Protein

Before an RNA can be turned into a protein, it must be
modified before it leaves the nucleus. First, the exons
must be joined together to make a contiguous stretch
of RNA. This means that the introns must be spliced
out. The spliced RNA transcript is then modified with a
“cap” on one end and a polyadenosine (polyA) tail on
the other. These modifications confer stability to the
RNA, which in its modified form is called messenger
RNA or mRNA. The mRNA is then transported to
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Fig. 1. The path from DNA to protein. See text for details
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the cytoplasm of a cell, where ribosomes decode the
sequence of the mRNA to synthesize a polypeptide
chain or protein. The process of generating protein
from mRNA is called translation. The ribosome begins
translation of an mRNA from a sequence element
called the Kozak site (named after Marilyn Kozak, who
defined it). Within the Kozak site is the first codon,
ATG, which begins every eukaryotic protein and codes
for the amino acid methionine. The information that
allows the ribosome to “decode” the mRNA is the
codon. Codons are three nucleotide bases in length.
Nucleotides are of four types: thymidine, adenosine,
cytosine, and guanine (or T, A, C, and G as they are
commonly abbreviated). Any three nucleotide bases
can form a codon, and 4° =64 different possible
codons can therefore be generated. Different codons
specify one of 20 possible amino acids or a stop signal
for the ribosome. In the example shown in Fig. 1, a G
protein-coupled receptor is being made. This family of
receptors comprises integral membrane proteins that
traverse the lipid bilayer seven times.

3
DNA Engineering

Over the last 30 years, the technology has been
developed that allows researchers to isolate, manipu-
late, and reengineer DNA in almost any form imagin-
able. A basic understanding of the techniques of DNA
engineering will be helpful in understanding the more
technical parts of this chapter.

3.1
Cloning

Cloning is the process of isolating a fragment of DNA
that represents a gene or a DNA copy of an mRNA (so-
called cDNA). In order to clone a gene, it is necessary
to know something about it: some partial nucleotide
sequence or a function that can be easily assayed in
cells. If the sequence of a gene is known, the gene can
be cloned by making a probe using the sequence. The
probe can be used to find the gene in a collection of
clones known as a library. The ability of a probe to
identify a gene depends on the property of single-
stranded DNA sequences to bind or hybridize to
complementary strands. Once a clone is identified in a
library by a probe, the clone can be amplified to
generate large amounts of this DNA. This amplification
is possible because isolated DNA fragments can be
propagated conveniently in bacteria in the form of
plasmids (circular forms of DNA that grow in
bacteria). Plasmid DNA can be easily grown in

large quantities in bacteria (amplification) and purified
to yield pure plasmid DNA that is free from the
bacteria’s genomic DNA or RNA. In this pure form, the
plasmid DNA can be manipulated with different
enzymes.

3.2
Polymerase Chain Reaction

Another way to generate large amounts of specific
DNA sequences without the need for cloning uses a
process called the polymerase chain reaction (PCR).
Successful PCR also depends on some knowledge of
the sequence of a gene. In this case, the sequence
information is used to generate small synthetic pieces
of DNA called oligonucleotide primers. The primers
are chosen to flank the part of the gene that is to be
amplified. When a double-stranded DNA template is
heated to 95 °C, the two strands separate (denature).
Upon cooling, the primers will bind to their comple-
mentary sequence on each strand, and a DNA poly-
merase added to the reaction then synthesizes another
complementary strand from the primer (which is why
they are called primers). This process of heating and
cooling is called a cycle. In this one cycle, the amount
of DNA between the primers has doubled. If another
such cycle is performed, the doubled DNA is doubled
again. Repeating this process with 30 or 50 cycles can
amplify a given DNA sequence from 2*’- to 2*-fold (or
in excess of a billionfold). This technique has been
optimized over the last 10 years to incorporate a
thermostable DNA polymerase that can withstand the
repeated cycles of high temperature needed to dena-
ture double-stranded template. PCR now permits
amplification of specific sequences from the DNA
contained within a single cell. The revolution that this
technique has created in molecular biology cannot be
overstated.

33
Restriction Enzymes

DNA can be cut very specifically using enzymes known
as restriction endonucleases (or restriction enzymes).
These restriction enzymes recognize specific sequences
in DNA from four to eight nucleotides in length and
cleave the DNA strand within or nearby this recogni-
tion sequence. Examples of such enzymes are EcoRI,
BamHI, HindlIll, and Xhol. The ability of these
enzymes to cut a gene allows a type of map to be
created known as a restriction map. DNA fragments
generated in this way can be ligated to other similarly
cut DNA fragments in a process that resembles cutting
and pasting. In this way, genes can be cloned,
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modified, and used to make targeting constructs for
making knockout mice.

4
Behavioral Genetics

The field of behavioral genetics is the study of the
heritable component of behavior and personality. The
goal of this research is no longer to establish that
behavior is influenced by heritable factors, but to
precisely determine the genes involved, the nature of
their interactions, and their interaction with the
environment. In humans, genetic factors are believed
to influence as much as 30%-50% of the variance of
intelligence, cognition, and personality traits such as
extroversion (sociability, impulsiveness, and liveliness),
neuroticism (moodiness, anxiousness, irritability),
agreeableness (likability, friendliness), conscientious-
ness (conformity, will to achieve), and culture (open-
ness to new experience). Most behavioral and
psychological traits exist on a continuum and thus
appear to have multiple genes that contribute to the
“phenotype” of an organism.

Like normal personality characteristics, psychiat-
ric disorders also appear to have a genetic compo-
nent. The genetic contribution to illnesses such as
schizophrenia, autism, and bipolar disorder are more
substantial than that measured for personality traits.
Disorders such as depression and anxiety also have
a genetic contribution, but less than that found for the
aforementioned psychiatric conditions. It has also
become accepted recently that complex behaviors and
disorders such as schizophrenia are not the result of a
single aberrant gene, but rather the result of the
interaction of multiple genes. Thus geneticists are no
longer looking for the schizophrenia gene, but rather
one of the many genes that may contribute to this
disorder. The influence of genes on normal behavior
and on abnormal clinical psychiatric conditions is
therefore complex and likely involves complex
interactions such as gene-gene, gene-environment,
and environment-gene interactions. The difficult
problem facing behavioral genetics is how to identify
the genes involved and understand their contribution
to behavior, personality traits, and psychiatric
disorders. To address this problem, two conceptually
distinct approaches are taken: so-called forward
genetics, which begins with a phenotype and
searches for the gene or genes that play a role, and
so-called reverse genetics, which creates a specific
genotypic change (mutation) in an organism and
searches for the phenotypic changes that result from
the mutation. The transgenic strategy falls into the
latter category and will be discussed in detail. The
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Fig. 2. Forward and reverse genetic strategies. See text for details

concept of forward and reverse strategies is outlined in
Fig. 2.

4.1
Forward Genetic Strategies

Other chapters in this volume describe different
strategies used to identify the genes that contribute
to a given behavior. Most of these methods fall into the
category of so-called forward genetics. The massive
efforts to identify genes that contribute to disorders
such as schizophrenia and bipolar disorder are an
example of this approach. In these studies, investiga-
tors begin with a rigorously defined phenotype (usu-
ally DSM-VI or Research Diagnostic Criteria for a
disorder) and attempt through various strategies to
identify genetic loci that are associated with the
disorder.

These types of searches are simplified when there is
only a single gene involved with nearly complete
penetrance of its phenotype. Many of the neuropsy-
chiatric disorders such as Huntington’s disease, fragile
X syndrome, dystonia syndromes, muscular dystro-
phy, and even some cases of Alzheimer’s disease have
been found to be single-gene disorders. The search for
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genes in more complex, multigene disorders has
moved less rapidly, but the first such genes for
disorders such as schizophrenia and bipolar disorder
are beginning to appear and be replicated indepen-
dently.

In the nonhuman animal realm, a more controlled
approach to this type of problem is possible due to the
existence of genetically homogeneous strains that
exhibit different behaviors. Genetic analysis of such
strain differences (quantitative trait loci or QTL
analysis) can identify the number of genetic loci that
contribute to a given behavior (as well as its contri-
bution relative to the other loci). Similarly, new strains
of animals can be created by breeding successive
generations for their difference on a given behavioral
trait. Once such lines have been sufficiently separated
phenotypically and genetically, and stabilized by
inbreeding, a similar approach can be undertaken to
identify loci that contribute to the behavior of interest.
Such QTL approaches have been only one of the trends
over the past 30 years that has marked the convergence
of efforts of quantitative geneticists and molecular
geneticists to identify particular genes that contribute
to a given behavior.

4.2
Reverse Genetic Strategies

A more direct approach to studying the effect of genes
on behavior uses techniques that mutate selective
genes. This approach has been applied extensively in
simple organisms such as bacteria, Caenorhabitis
elegans, and Drosophila using chemical mutagens and
selection procedures to find organisms that differ on a
given behavior. Such approaches have led to the
identification of dozens of genes that contribute to
chemotactic behavior in organisms such as bacteria,
paramecium, and C. elegans. This approach in
Drosophila has identified genes that are involved in
more complex behaviors such as learning, locomotion,
and sexual behavior.

Animal models continue to be essential tools for the
study of neuropsychiatric disorders. For example,
specific animal models have been most widely used
to screen for potential psychotropic medications. In
addition, animal preparations have been crucial to
investigate mechanisms of brain function (such as
development, plasticity, neurotransmission), behav-
ioral states (such as anxiety, depression, and aggres-
sion), and behavioral processes (such as learning,
appetite control, locomotion, and biological rhythmic-
ity). These models take many forms, and thorough
discussions of this topic can be found elsewhere in this
volume.

5
Techniques of Genome Manipulation in Mammals

This section describes the methods that have been
developed to manipulate the genome of experimental
animals - primarily mice. Some confusion arises
among those unfamiliar to this field regarding the
differences between the different techniques, e.g., the
difference between a transgenic mouse and a so-called
knockout mouse. In fact, both types are technically
considered transgenic given that the definition of a
transgenic mouse is an animal that has foreign DNA
stably integrated into its genome and passable to its
offspring (germline transmission). There are three
established techniques for introducing foreign DNA
into the mouse germline: (1) retroviral vectors, (2)
direct injection of DNA into pronuclei of fertilized
eggs, and (3) use of embryonic stem cells that have
been transfected with foreign DNA. Each of these
methods will be considered.

5.1
Infection of Developing Embryos with Retroviral DNA

This technique of infecting developing embryos with
retroviral DNA is useful for studying development,
including neurodevelopment, generating mutant ani-
mals by insertional mutagenesis, and to a lesser degree
as a method to introduce functional genes into the
genome. This last use has been largely supplanted by
the other techniques that we will discuss in this
chapter. The retroviral method has been reviewed
elsewhere (Rossant 1990; Babinet et al. 1989) and will
not be discussed further in this chapter. The two
remaining methods of creating transgenic mice that
will be discussed in more detail include random
introduction of foreign or engineered transgenes into
the mouse genome and techniques that permit site-
specific integration of foreign or engineered DNA into
the mouse genome.

5.2
Random Integration of Transgenes

This approach depends on the direct injection of
foreign DNA into the pronuclei of fertilized eggs. This
technique was first demonstrated in mice in 1980 and
has subsequently been applied to the creation of
numerous mutant mouse lines. The concept of this
method is to use DNA engineering to create a fusion
construct of a functional promoter region with a gene
to be expressed. This construct is then injected directly
into the pronuclei of a fertilized single cell embryo.
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The engineered DNA construct then inserts randomly
into the germline of the mouse. Typically, multiple
copies of the transgene are integrated in tandem head-
to-tail arrays.

The choice of the promoter and the gene used to
make the construct (i.e., transgene) provides almost
limitless possibilities for expression strategies. For
example, promoters have been characterized that drive
gene expression in limited anatomic or tissue-specific
patterns or that provide strong expression in many
different tissues. The gene that is transcribed can be of
any variety, including genes normally expressed in the
animal, mutated genes, or so-called antisense genes
that express the complementary strand of an existing
gene. How these various strategies can and have been
applied to modeling neuropsychiatric disorders will be
discussed in the next section.

53
Specific Gene Targeting Strategies

The specific gene targeting strategy, commonly known
as the “knockout” approach, differs from the transgene
approach in that the mutation occurs in a specified
gene locus, modifying or ablating an existing gene.
This technique depends on the property of cells to
undergo a process called “homologous recombina-
tion.” This process is presumably similar to the
process of recombination that occurs between two
sister chromosomes during meiosis: namely, two
homologous stretches of DNA can recombine, essen-
tially replacing one DNA sequence with another. For
the purpose of the knockout strategy, the experimenter
introduces an engineered version of the gene to be
disrupted into an embryonic cell line. The targeting
construct possesses two “recombinogenic arms” that
will “target” the engineered construct to the native
gene locus. Different types of recombination events
can occur depending on the nature of the targeting
construct. As shown in Fig. 3a, when an “omega”
targeting construct undergoes homologous recombi-
nation with its target gene, a substitution of the
targeting construct for the endogenous gene occurs. If
the targeting construct is engineered to delete a crucial
exon, introduce a frame-shift mutation, or interrupt
the coding sequence with another gene (such as a gene
that confers neomycin resistance to cells), the targeted
gene is effectively inactivated. This strategy also
permits introduction of additional DNA sequences
without loss of the endogenous gene (so-called knock-
in strategy; Fig. 3b). This is an important strategy for
creating inducible or tissue-specific knockouts, which
will be discussed in the next section. In Fig. 3b, the
example shown simply places a reporter gene, lacZ,
into the locus of the gene of interest. In this example,

neurons that would normally express the gene of
interest will now express the lacZ gene, whose gene
product can stain the neurons a blue color for tracing
purposes. Such a construct has been elegantly used to
study the organization of the olfactory bulb in relation
to olfactory receptors (Mombaerts et al. 1996).

The second type of targeting construct that has been
used (but less so recently) is the “O-type” construct
shown in Fig. 3c. When such a construct undergoes
homologous recombination, a duplication event occurs
(Bronson and Smithies 1994). Even if the two ends of
the targeting construct have a large gap between them,
endogenous processes in the cell permit this gap to be
filled. Thus even a very large gene and its regulatory
(promoter) regions can be duplicated using a targeting
construct that contains only a small portion of the total
gene. This strategy creates the opposite of a knockout,
namely an increase in the function of a given gene
(Smithies and Kim 1994). This strategy allows the
experimenter to increase gene dosage rather than to
decrease it. Although less commonly performed, such
mutations may prove to be an important compliment
to the knockout approach.

Although we have explained the concept of homol-
ogous recombination and its differences from the
transgene approach, we have not discussed the meth-
ods by which a targeting construct can be introduced
into a viable animal. Whereas the transgene is injected
directly into a fertilized embryo, the ratio of homol-
ogous recombination to random integration is too low
(often greater than 1:500) for this approach to be
viable. The number of embryos that would need to be
injected in order to obtain the desired recombination
event would not be practical. To address this problem,
a new strategy needed to be developed. Thus nearly all
homologous recombination experiments are per-
formed in a cell line derived from pluripotent embry-
onic stem (ES) cells. These cells can be grown in
standard cell culture conditions and be propagated in
an undifferentiated state. The targeting construct is
introduced into these cells by a process of electropo-
ration in which a high-voltage shock temporarily
renders these cells permeable to a solution containing
the linearized DNA targeting construct. The DNA
enters only a small portion of the cells, and only a
small portion of the cells that take up the construct will
integrate the DNA into their genome. Of those cells
that integrate the targeting construct into the genome,
only a small fraction will undergo the process of
homologous recombination (1/10 to 1/1000) that
integrates the targeting construct in the intended
locus. To appreciate the low probability of this process,
in a typical experiment the researcher electroporates
10 million cells, of which perhaps 5000 cells will
integrate the DNA randomly in their genome and 50
cells will undergo homologous recombination. Thus
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Fig. 3a~c. Different strategies for
gene targeting. a, b An omega-
targeting construct is used to gen-
erate either a “knockout” or a
“knock-in.” ¢ An O-type construct
is used to create a gene-duplication
event. See text for details. (Adapted
from Smithies and Kim 1994)

the task for researchers making a knockout is to find
those 50 cells in the 10 million cells from which their
experiment started. For this purpose, a selection
procedure is used to distinguish cells that have
integrated DNA from those which have not. The most
commonly used selectable marker is the gene from
bacteria that confers resistance to the toxin neomycin.
Thus growth of electroporated cells in neomycin-
containing medium eliminates the vast majority of
cells that did not integrate the target DNA (conveying
neomycin resistance), and we are left with the more
reasonable task of finding the homologous recombi-
nation events within this background of nonspecific
integration events.

Two strategies are used at this step: (1) a brute force
approach in which the experimenter screens large
numbers of clonal cell lines (200-1000 lines) using
techniques such as Southern blot analysis or PCR to
distinguish specific from nonspecific integration, or (2)
a second selectable marker, thymidine kinase (TK), can
be incorporated into the targeting construct on one

extremity of the construct. By incorporating TK on
the outside portion of a homologous arm of the con-
struct, it will be lost in all homologous recombination
events but be retained in nearly all random integration
events. Thus clonal cells grown in the presence of
neomycin and gancyclovir will eliminate most un-
wanted clones (gancyclovir in the presence of TK is
toxic to cells) and simplify the process of screening.
When a desired clone possessing a homologous
recombination event is obtained, it is amplified in
number and then hundreds of the mutated cells are
injected into the hollow core of a developing blasto-
cyst. The “host” blastocyst is derived from mice of the
C57/B6 strain. Importantly (as will be seen), C57/B6
mice possess a black coat color. The ES cell line is
derived from a male embryo of the C129 mouse strain.
In contrast to the C57/B6 strain, 129 mice possess a
yellow coat color (agouti). The injected blastocysts,
now filled with mutant 129 cells, are transferred to a
foster mother. As the embryo develops, the mutant
cells and the wild-type cells of the blastocyst will both
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be integrated into the young mouse. The resulting pups
are chimeric or mosaic in the sense that a portion of
their body is derived from the mutant cells and a
portion from the wild-type C57 strain. This chimerism
is reflected in their coat color, which is typically a mix
of yellow (agouti) and black. Based on the predomi-
nant coat color, the percentage of mutant cells that
comprise the resulting animal can be estimated.
Researchers are interested in chimeras that will be
able to transmit the mutation created in the ES cells
onto its progeny. This ability is called “germline
transmission.” When sufficiently mature, male chime-
ras are mated with wild-type C57/B6 females (remem-
ber that the ES cells were male, and thus the chimeras
most likely to transmit the mutation will be male).
Because the agouti coat color is dominant over the
black coat of the wild-type mice, offspring that bear the
mutation will necessarily also have the yellow coat.
Despite their uniform yellow coat, these offspring will
nonetheless have a mixed genetic (129/C57) back-
ground. This heterogeneity can confound behavioral
experiments, and thus it is often preferred to have the
mutation on a pure genetic background. To achieve
this, the chimeric males must be mated with 129 wild-
type females. Heterozygote offspring will necessarily be
of a pure 129 genetic background (since if they
transmitted the mutation, the germline must be
derived from the 129 strain). Since coat color cannot
be used to follow the mutation, a sample of DNA has to
be obtained from the offspring (usually a short snip of
the tip of the tail) and PCR or Southern blot analysis
used to determine the genotype. The heterozygote
offspring can of course be of either gender, and once
males and female heterozygotes are obtained, they can
be mated to produce offspring homozygote for the
desired mutation.

5.4
Advantages and Problems of the Knockout Strategy

The power of the transgenic technique lies in its
specificity and the absolute nature of the lesion
created. Even in genes of unknown function, or
receptors for which no known antagonist exists, an
experimenter may investigate the function of the gene
and its resulting protein using the transgenic ap-
proach. In this sense it represents a new and comple-
mentary approach to pharmacological techniques.

5.5
Problem of Inferring Function from Dysfunction

From the point of view of understanding the role of a
gene in the functioning of an adult animal, the

knockout approach has several drawbacks. First,
function has to be inferred from looking for the
dysfunction that occurs in an animal in the absence of
the gene. Using an automobile analogy, if we tried to
infer the function of a steering wheel by trying to see
how a car functioned without it, several conclusions
might be reached. The car will appear normal from the
outside. It will start and idle normally, but problems
would quickly become apparent if someone tried to
drive the car. If the person operating the car drove
slowly to compensate for the lack of directional
control, an outside observer might incorrectly con-
clude that the steering wheel must influence the speed
of the vehicle and its absence results in a much slower
car. If we were trying to understand the function of the
fuel pump by studying car function in its absence, we
would quickly conclude that the car does not start or
move without it. However, unless we had more detailed
assays to perform on the car, the function of the fuel
pump would remain largely mysterious. Thus one way
of appreciating the knockout strategy is that an
experimenter creates a “broken” animal and tries to
understand the role of the mutated gene by observing
and testing the animal bearing the mutation under a
variety of conditions.

5.6
Lack of Tissue Specificity in Knockouts

One reason that the dysfunction can be difficult to
interpret is the fact that the gene is inactivated
everywhere. Often, the same gene is expressed in
different tissues and can serve different functions
depending on where it is expressed. For example,
tryptophan hydroxylase (TpH) is found in serotonergic
neurons and the pineal gland. In serotonergic raphe
neurons, TpH is the rate-limiting enzyme for serotonin
(5-HT) synthesis. In the pineal gland, TpH helps turn
tryptophan into melanin. An animal without a func-
tional TpH gene may thus exhibit mixed effects
(melatonin and serotonin absence) of the gene deletion
in these two different processes.

5.7
Developmental Problems and Compensation
by Other Genes

Another problem that often confounds the interpreta-
tion of a dysfunction seen in a mutant animal is the
question of the role that such a gene plays in
development. Remember that the gene in question
has been disrupted in the germline and consequently
will never be present. This means that the gene will be
absent during crucial periods of ontogeny; if the gene
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is involved in development, this could have disastrous
consequences for the adult animal (even creating the
ultimate phenotype, nonviability). Again, returning to
the automobile analogy, if the part being removed is
crucial to the subsequent installation of other parts, or
if it contains crucial instructions for the ongoing
assembly of the automobile, the resulting car could be
so badly assembled that examining the finished
product would be almost useless for the purposes of
understanding the role of the part in a normal car.
Likewise, if a deleted gene is an important gene in
development, the study of an adult may reveal
abnormalities that indicate very little about the role
of the ablated gene in adult behavior. Rather, the
phenotype is predominated by the developmental
defects of the mouse. In such cases, the development
of embryos needs to be studied to understand at what
point the normal developmental pattern went awry. A
similar, but somewhat different problem is the seeming
ability of an organism to “compensate” for a missing
gene by enhancing expression of normally dormant
genes or overexpression of other active genes. A
familiar example of this is seen in patients with sickle
cell disease or thalassemia, who express high amounts
of fetal hemoglobin to compensate for the absence or
poor functioning of adult hemoglobin. If such a
compensatory process occurs following a gene knock-
out, such an animal may have no discernible pheno-
type, i.e., it appears completely normal. In such a case,
it is difficult to determine whether the ablated gene
simply has no function or whether compensation has
obscured the phenotype. Another related possibility is
that, in the process of compensating for an absent
gene, the animal may create another unexpected
phenotype (similar to the steering wheel analogy given
earlier). Again, this can cause confusion regarding the
role of the gene in adult animals.

5.8
New Technologies to Address the Limitations
of the Classical Knockout Approach

To overcome the problems of compensation and
development, many groups are working to develop
an “inducible knockout” strategy. The idea is to give
the experimenter temporal control over the inactiva-
tion of the gene. This would allow the animal to develop
with the gene present. When the animal reaches
adulthood, the gene could then be inactivated. Many
strategies are being developed to allow such temporal
control of gene activity and are beyond the scope of this
chapter. However, the interested reader is referred to
the discussion of this topic by Lucas and Hen (1995).
The other new technology being developed will allow
for regional or tissue-specific loss of a gene. This

strategy involves creating somatic mutations in mice
resulting in loss of a gene in certain tissues or brain
regions but not others. Again, the technology involved
in this “tissue-specific” knockout strategy is beyond
the scope of this chapter, but some early successes
have been achieved in this area. For example, a group
was successful in eliminating the tyrosine hydroxylase
gene only in dopaminergic neurons while sparing
catecholaminergic neurons (Zhou and Palmiter 1995).
In another example, researchers were able to explore
the role of the N-methyl-p-aspartate (NMDA) receptor
in a specific region of the hippocampus by selective
disruption of a receptor subunit only in CAl cells
(McHugh et al. 1996; Tsien et al. 1996a,b; Wilson and
Tonegawa 1997). Of course, the “holy grail” of
transgenic researchers is the development of technol-
ogy that will allow both temporal and regional
anatomic control over the process of gene inactivation.
At the time of writing, this remains a topic of active
investigation, but without definitive success.

5.9
Knockouts as Models of Human Genetic Disorders

It is worth emphasizing that most of the knockout
mutations that are created in mice have no known
analogue in humans. However, there are many known
single-gene mutations in humans that could be (and
have been) effectively modeled in transgenic mice. In
the cases in which a knockout mouse is modeling a
known human gene mutation, any developmental
abnormalities in the mouse will be an interesting
feature to study, not necessarily a confounding vari-
able. Indeed, to fully mimic the human gene disorder, a
classical knockout needs to be studied. Tissue-specific
and inducible knockouts will be valuable in helping to
dissect the phenotype that is observed in a classical
knockout animal. Indeed, the classical knockout and
the other types of knockouts (tissue-specific and
inducible) should be seen as complementary
approaches that are useful for answering specific
biologic questions.

6
Using Knockouts to Study Aggressive Behavior

6.1
Knockouts and Aggression

We have chosen to discuss aggression and knockouts
because we believe it illustrates both the promises and
the problems associated with the knockout strategy. As
we will see, aggression is an important behavioral state
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that can be studied in laboratory animals and humans.
However, the biology and genetics of aggressive
behavior are poorly understood. The transgenic
approach holds the promise of uncovering genes that
influence aggressive behaviors. Indeed, the study of
aggression in different transgenic and knockout strains
has led to the discovery of different genes and
transmitter systems whose contribution to aggression
had been previously unappreciated. These mutant
mice have opened new avenues of research into
aggression and its control and will prove valuable
tools for ongoing studies.

The problems posed by the transgenic approach
in this area are the same ones discussed above: namely
confounding aspects of development, compensatory
processes, and lack of tissue specificity. We will begin
this section with a brief overview of the biology of
aggression and then discuss individually different
transgenic mice that have alterations in their
aggressive behavior. In each case, we will endeavor
to highlight the strengths and weaknesses of the
resulting mouse to illustrate the points we have made
above.

6.2
Aggressive Behavior in Mice and Humans

Several functions of aggressive behaviors have been
suggested for various species, including mice. These
include establishment of territoriality, establishment of
dominance (to secure access to food and female mating
partners), predatory violence (attacking other species
to provide nourishment), and defensive aggression
(responding and repelling attacks by predators or
other members of the same species). In addition,
aggression in mice can be elicited by various stressful
stimuli (social isolation, foot shock, food deprivation),
but the adaptive value of this type of aggression is less
clear. Some of these categories are similar to some
forms of human aggression, while others are less so.
Different behavioral tests have been designed to study
aggression in mice (and other rodents). These include
the resident-intruder test (test of territorial aggres-
sion), isolation-induced or pain-induced aggres-
sion (stress-induced aggression), mouse defensive test
battery (defensive aggression), maternal aggression
(mother attacks intruders entering nest area during
lactation), and predatory aggression (attacking and
killing insects).

6.2.1 Genetics of Aggression in Mice

There is a strong genetic contribution to aggressive
behavior in mice that can be demonstrated either by

examining inbred stains (Guillot and Chapouthier
1996) or by selectively breeding mice for different
forms of aggressive behaviors (Lagerspetz and Lagers-
petz 1971; Sandnabba 1996). Different functional types
of aggressive behavior appear to be under distinct
genetic control when inbred stains are examined
(Popova et al. 1993). In contrast, breeding studies
have found that different functional aggressive behav-
iors (e.g., isolation-induced and predatory aggression)
segregated together during selective breeding
(Sandnabba 1995). Not surprisingly, environmental
factors greatly influence the expression of aggressive
behavior in mice. In particular, early exposure to
aggression enhanced later expression of this trait
(Sandnabba 1996). The role of the preweaning mater-
nal environment is controversial. In selective breeding
studies, the influence of the mother appeared to have
little influence on the development of aggression
(Hoffmann et al. 1993; Sandnabba 1996), while cross-
fostering certain inbred strains with one another
was able to influence aggressive behavior in some
(Southwick 1968), but not others (Fredericson 1952;
Geinsburg and Allee 1942).

Using the kind of forward genetic strategies that
were outlined earlier in this chapter (Fig. 2), different
research groups have attempted to identify loci that
contribute to aggressive phenotypes. One focus of
attention has been the Y chromosome, since large sex
differences in aggression have been noted (Roubertoux
et al. 1994). Other efforts to delineate the loci that
contribute to the strain-to-strain differences in aggres-
sion are proceeding, but currently no other loci have
been identified.

6.2.2 Genetics of Aggression in Humans

In humans, the contribution of genetic factors has been
much more difficult to establish. Adoption and twin
studies have revealed both environmental and genetic
modulators for aggressive behavior in humans
(Coccaro etal. 1997; Miles and Carey 1997). In
addition, there is evidence that, among the DSM-IV
axis II disorders, antisocial personality disorder has a
strong genetic contribution (Dahl 1993). Criminal
behavior also has a considerable genetic component,
but paradoxically this association only holds true for
nonviolent or property crime (Brennan et al. 1996). Of
course there is a large environmental contribution to
aggressive behaviors, but studies have suggested that
environment contributes more to attributes such as
hostility and less to attributes such as angry aggression
and irritability (Gustavsson et al. 1996). Environmen-
tal factors such as perinatal problems and not genetic
transmission appear to influence the development of
violent criminal behavior (Mednick and Kandel 1988).
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6.3
Brunner’s Syndrome

Thus far, the only characterized mutation that might
be associated with violent behavior is a point mutation
in the monoamine oxidase A (MAOA) gene that
changes a glutamine codon to a stop codon, leading
to an inactive, truncated form of the enzyme (Brunner
et al. 1993). The MAOA gene codes for a protein that
metabolizes serotonin and other bioamines. MAOA
appears to be a major pathway by which synaptic
serotonin is inactivated. Individuals lacking a func-
tional MAOA gene were found to suffer from border-
line mental retardation and altered behavior including
impulsive aggression, arson, attempted rape, and
exhibitionism. This mutation and the accompanying
behaviors have been called “Brunner’s syndrome.”

The MAOB gene is functionally and structurally
related to the MAOA gene. It metabolizes dopamine
and phenethylamine derivatives in the brain. The
MAOA and MAOB genes are found in a tandem array
on the X chromosome, and thus inheritance of a single
mutated or deleted copy of either gene leads to
complete deficiency of the gene in males but not
females. Since the initial report of subjects deficient in
MAOA, microdeletions of the X chromosome in this
locus have been characterized that affect either MAOA,
MAOB, or both. Double mutations lead to severe
mental retardation, whereas selective MAOB deficien-
cies lead to no abnormal behavior or mental retar-
dation (Lenders etal. 1996). The study of such
individuals is providing much information about the
role of these enzymes in brain development and
behavior (Lenders et al. 1998), but an animal model
of these disorders would allow a level of inquiry not
possible with human subjects. Specifically, such mod-
els would allow a detailed study of the behavioral
effects of altered monoamine metabolism.

In a striking example of serendipity, a group of
researchers who introduced a transgene for interleukin
(IL)-B into the mouse genome noted that one of their
mouse strains appeared significantly more aggressive
than other strains. Further analysis of these aggressive
mice found that one of the copies of the IL-p gene had
inserted into a crucial portion of the coding region of
the MAOA gene. As this gene is found on the X
chromosome, a single mutation was sufficient to create
a complete absence of MAOA activity in male mice.
These mice had striking abnormalities in their bio-
amine metabolism and behavior. In pup brains, sero-
tonin concentrations were increased by up to ninefold,
and norepinephrine by twofold. In adults, serotonin
and 5-hydroxyindoleacetic acid (5-HIAA) levels
returned to normal, but adults displayed a specific set
of behavioral alterations, including enhanced intermale

aggressive behavior, increased attempts to mount
nonreceptive females, and decreased immobility in a
forced swim test (a test used to screen for anti-
depressant activity). The enhanced aggressive behavior
displayed by mice lacking MAOA parallels the finding
of Brunner’s subjects lacking a functional MAOA.
The ability to reproduce the aggressive phenotype
in transgenic mice suggests that their unusual behavior
may therefore be a consequence of the MAOA mutation
rather than the result of some unusual environmental
or genetic background in that family. Consistent
with the characterization of individuals with micro-
deletions affecting the MAOB gene, knockout mice
lacking the MAOB gene did not display overt changes
in aggressive behavior (Grimsby et al. 1997). No report
of a double MAOA/B mutant has been described.

6.4
Serotonin and Aggression

To many researchers, the finding of a hyperaggressive
phenotype in the MAOA mutant mice and in Brunner’s
syndrome came as a surprise. The MAOA mutation in
each case increases brain serotonin, and aggression is
normally associated with low brain serotonin levels.
Indeed, one of the more robust findings in psychiatry
has been the association of suicide (Mann et al. 1990),
type II alcoholism, and violent behavior (Linnoila and
Virkkunen 1992) with low brain serotonin levels. Low
cerebrospinal fluid (CSF) serotonin metabolites are
found in aggressive nonhuman primates (Mehlman
et al. 1994), and serotonin depletion in the brains of
rodents yields hyperaggressive animals in tests of
predation (Valzelli et al. 1981), offensive aggression
(Vergnes et al. 1986), and stress-induced aggression
(Sheard and Davis 1976). Moreover, certain serotonin
agonists have antiaggressive properties in animal
models (Olivier et al. 1995). MAOA inhibitors, which
were widely used as antidepressants, have not been
reported to induce aggressive behavior.

The MAOA knockout mouse is a good example of a
classical knockout providing a surprising phenotype
that would not have been predicted from pharmacology
alone. For example, it is not widely observed that
inhibitors of MAOA can cause increased aggressive
behavior either in human subjects or in animal models.
In fact, if MAOA inhibitors have any effect on
aggression in adults, it would be to decrease aggression.
Thus the MAOA knockout mouse mimicked Brunner’s
syndrome likely because of the developmental and
compensatory effects of not having this gene during
brain development. For example, to compensate for
high serotonin levels, postsynaptic serotonin receptors
might be downregulated, which could in turn result in a
phenotype similar to low serotonin activity. Consistent
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with this possibility has been the unexpected finding
that in children who come from a cohort of adjudicated
siblings, the children with higher indices of serotonin
activity have higher rates of behavioral aggression
(Pine et al. 1997). Thus it may be speculated that,
similar to the MAOA knockout mouse, low serotonin
activity in adults with aggression may be the result of
elevated activity in early life. While such an interpr-
etation is very speculative, we suggest it in order to
illustrate how findings in a mouse model may eventu-
ally inform hypotheses to be tested in human disorders.

Another intriguing parallel between Brunner’s syn-
drome and the MAOA mutant mice is the possibility of
aberrant neurodevelopment in each case. Serotonin is
also known to be an important modulator of growth
and morphogenesis (Lauder and Krebs 1978;
Moiseiwitsch and Lauder 1995; Yavarone et al. 1993).
If MAOA mutations lead to dramatic changes in
serotonin in the brain, this might produce structural
changes in the brain. Indeed, mice lacking MAOA
display neuroanatomic abnormalities such as an
absence of the cortical barrels field that are the
somatosensory representation of the vibrissae (Cases
et al. 1996). This is a situation where inducible or
tissue-specific knockouts may help disentangle a
complex but relevant phenotype.

6.5
Aggressive Behavior and the 5-HT1B Receptor Knockout

As discussed in the last section, there appears to be an
important role of serotonin in controlling aggression
and impulsivity in several species, including humans.
One of the serotonin receptors that is thought to be
involved in the effect of serotonin on aggression is the
5-HT1B receptor. The 1B receptor functions as an
autoreceptor and a postsynaptic heteroreceptor that
controls the release of other neurotransmitters such as
y-aminobutyric acid (GABA) or glutamate in response
to serotonin (Saudou and Hen 1994). Pharmacological
compounds that stimulate the 1B receptor have
antiaggressive properties (Olivier et al. 1995). To better
understand the role of the 5-HT1B receptor in aggres-
sion, mice lacking 5-HT1B receptors were generated by
gene targeting (Ramboz et al. 1996; Saudou et al. 1994)
in our laboratory.

The homozygous mutants developed normally and
did not differ from their wild-type litter mates
anatomically. In a number of behavioral tests aimed
at measuring feeding, locomotion, and anxiety, either
no differences or only small differences were found
between the wild-type and the mutant mice. However,
when analyzed in the isolation-induced aggression test,
the male homozygous mutants displayed increased
aggressive behavior (Saudou et al. 1994). In this test,

wild-type or mutant males that have been isolated for
4 weeks are confronted with a male intruder that has
not been isolated. The wild-type mice attack the
intruder only after an initial investigative period that
includes sniffing and aggressive displays such as tail
rattling. In contrast, the mutant mice attack immedi-
ately or after a short latency. In addition, the number
and the intensity of the attacks were significantly
higher in the case of the mutants. The short latency of
attack displayed by these mutant mice is reminiscent
of the impulsive behavior often associated with deficits
in central serotonin in primates.

To investigate whether the aggressive phenotype
extends beyond isolation-induced aggression (a stress-
induced aggression), we subjected 1B knockout mice
to other tests of aggression, including territorial
aggression and maternal aggression tests, and discov-
ered that the 1B knockout mice did indeed display
increased aggression in these functional types of
aggression as well.

Unlike the example of the MAOA mutant mouse,
where the phenotype was not predicted by pharmacol-
ogy, 5-HT1B agonists have been shown to decrease
aggressive behavior in a number of rodent models,
including the isolation-induced aggression test. It is
therefore consistent that mice lacking this receptor
display the opposite phenotype. However, it is still pos-
sible that developmental or compensatory changes are
responsible for the aggressive behavior of these mutant
mice. Indeed, we have observed compensatory changes
in the expression of various genes, including dopa-
minergic genes, serotonergic genes, and genes in the fos
family. We are in the process of developing mice that
will have either temporal control over 1B gene expres-
sion, tissue-specific control, or both. We plan to use
these animals to understand more fully the aggressive
phenotype that is observed in the classical 1B knockout.

Finally, we would again like to emphasize that,
unlike the MAOA mutation, which is found in at least
some human families, a mutation in the human
5-HT1B receptor gene has not been reported. Thus
the 1B knockout mouse is an example where we have
created our own “accident of nature” to investigate its
potential role in aggressive behavior. Despite the
absence of a human counterpart, this mutant mouse
has been and will continue to be a useful tool in
investigating the biology of aggression and in screen-
ing for new medications that can help remedy some of
the problems posed by human aggressive behavior.

6.6
Aggressive Behavior in Other Knockout Strains

A number of other knockout mice have been reported
that display changes in aggressive behavior compared
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to their wild-type litter mates. Different examples of
these mice will be discussed in the context of the
promise of knockouts to open new avenues of research
as well as the potential confounding factors that can
affect interpretation of their phenotype.

6.6.1 Neuronal Nitric Oxide Synthase

Nitric oxide (NO) has recently been implicated as a
nearly ubiquitous signaling molecule that controls
many renal, gastrointestinal, cardiac, and brain
functions (Zhang and Snyder 1995). NO is synthesized
by two different isoenzymes: neuronal and endothelial
NO synthases. Neuronal NOS (nNOS) is expressed
widely both in the developing and in the adult nervous
system. Mice lacking nNOS display an increase in
offensive aggressive behavior and altered sexual
behavior (Nelson et al. 1995). In the resident-intruder
paradigm, mutant males attack male intruders more
often and more intensely than wild-type males,
while the latency to the first attack is the same in
both groups. The male nNOS knockout mice also have
inappropriate sexual behavior in that they tried to
mount unreceptive females. The absence of prior
reports linking the NO system to aggression led many
to speculate that the aggressive phenotype was the
result of neurodevelopmental or compensatory mech-
anisms in these mice. However, a follow-up study
demonstrated that nNOS inhibitors can produce
hyperaggressive behavior in two different models of
aggression to a degree found in the nNOS knockout
mice (Demas et al. 1997). The mechanism by which
NO can modulate aggression is not known. A
parsimonious hypothesis would tie together an
effect of NO on known modulators of aggression such
as serotonin. In fact, nNOS is commonly colocalized
with bioamine neurons, and a large percentage of
serotonergic neurons in the raphe that project to the
cortex coexpress nNOS and serotonin (Blottner et al.
1995). Although intriguing, the effect of NO on
serotonin target neurons is unknown. In summary,
the nNOS knockout mouse is an excellent example of
how transgenic techniques were able to open new
avenues of exploration in an area such as aggression.
However, questions still remain regarding the mech-
anism of NO actions on aggression, the brain struc-
tures involved in this response, and the ontogeny of
this response.

6.6.2 Calcium Calmodulin Kinase Il

Mutant mice that are heterozygous for a mutation in
the gene encoding the enzyme CaMKII display
increases in defensive aggression but not in offensive

aggression in the resident-intruder paradigm (Chen
et al. 1994). This hyperaggressive phenotype came as
a surprise, because, like nNOS, this enzyme had not
previously been linked to aggression. However, if we
look for connections to the serotonin system, we
can see that these mice display decreased serotonin
release as measured by extracellular and whole-
cell patch-clamp recordings from brainstem slices.
This may be explained by the role of CaMKII-mediated
phosphorylation in the activation of TpH, the rate-
limiting enzyme for serotonin synthesis. A reduction
in TpH activity might therefore explain the aggressive
phenotype of the CaMKII heterozygous mice. As an
example of how a phenotype can be confounded
by other factors, it was found that homozygous
mutants for the CaMKII gene are not aggressive.
However, these animals display a large number of
other behavioral abnormalities. The homozygote
mutant animal may be an example of developmental
abnormalities affecting even a phenotype seen in
heterozygote mice.

6.6.3 Preproenkephalin Gene Knockout

Enkephalins and endorphins are two endogenous
peptides that appear to function as natural analgesics
in animals. A well-known phenomenon in different
species including humans is the development of a
profound analgesia during periods of stress and danger
(Miczek etal. 1982). In humans, such profound
analgesia has allowed wounded soldiers to continue
to fight without awareness of their wounds. This stress-
induced analgesia has both opiate and nonopiate
mechanisms (Grisel et al. 1993). In mice, the ability
to develop an opiate-analgesic response during aggres-
sive encounters is thought to influence the type of
strategy the animal pursues to defend itself and may
therefore influence social hierarchy (Miczek et al.
1994). The enkephalins are thought to be the primary
mediator of stress-induced analgesia (Raab et al.
1985). It might have been predicted that, in the
absence of enkephalins, stress-induced analgesia
would be impaired and the mice would exhibit less
aggression. Although this hypothesis appears sound,
the problem was that enkephalin-deficient mice had a
normal analgesic response to stressful situations (Konig
et al. 1996). In addition, an increase in offensive
aggressive behavior was observed compared to wild-
type mice. These knockout mice were also found to be
more anxious than wild-type mice, but the contribu-
tion of this anxiety state to aggression is unclear. Thus,
the enkephalin-deficient mice have a surprising phe-
notype in many respects. They will prove to be an
interesting model to study the link between the
enkephalin system and aggressive behaviors.
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6.6.4 Neurokinin 1 Receptor Knockout

Substance P is known to mediate transmission of some
painful stimuli and to modulate inflammatory res-
ponses. It is also found in the limbic regions and basal
ganglia of the brain. The main receptor for substance P
is the neurokinin (NK) 1 receptor. When the gene for
this receptor was disrupted in mice, the resulting
animals were found to have alterations in nociception,
stress-induced analgesia, and aggression (De Filipe
et al. 1998). Since the NK1 receptor appears to signal
pain, as expected, these NK1 knockout mice had a
reduced response to painful stimuli. In contrast, NK1
knockout mice had impaired stress-induced analgesia.
Based on our reasoning outlined for the prep-
roenkephalin knockout, we predicted that, based on
their inability to develop analgesic responses during
stress, these animals may be less apt to engage in
aggressive encounters. Consistent with that prediction,
NK1 knockout mice displayed decreased aggression
compared to wild-type animals. NK1 knockout mice
did not display any differences in a test of anxious
behavior.

6.6.5 Adenosine A, Receptor Knockout

The purine adenosine is thought to act as a neuro-
transmitter in the brain and the periphery. Adenosine
receptors are found in the brain in high concentrations
and appear to be involved in a number of different
processes. The A,, adenosine receptor subtype is
found in the basal ganglia and appears to be the major
target for the stimulant properties of caffeine.
Although caffeine, an antagonist at A,, receptors, can
potentiate aggressive behavior, and agonists at this
receptor can have serenic-like effects, the purinergic
system has not been classically implicated in the
modulation of aggressive behavior. Nonetheless, A,,
knockout mice were found to be more aggressive in
resident-intruder tests of aggression, a finding
consistent with the proaggressive effects of A,, antag-
onists such as caffeine. Like the enkephalin knockout
mice, these animals were also found to be more
anxious than their wild-type litter mates, but the
connection of anxiety to aggression is not clear.
Indeed, other knockout mice with elevated anxiety
(see Table 1) have not been observed to be more
aggressive than nonmutants. Perhaps more relevant to
understanding the aggressive phenotype was the find-
ing that these A,, knockout mice were less sensitive to
painful stimuli than control mice. If the ability to
develop pain insensitivity during stress is important
for expression of aggressive behavior, the low pain
sensitivity seen in A,, knockout mice may partially

explain the aggressive phenotype. As in our previous
examples, the implication of adenosine as a major
modulator of aggression was unexpected and has
generated another tool with which to study the biology
of aggression.

6.6.6 Estrogen Receptor Knockout

Aggressive behavior and social dominance in animals
is often associated with elevated testosterone levels.
Social defeat typically leads to long-lasting decreases in
serum testosterone (Bonson et al. 1994; Koolhaas et al.
1997; Lisciotto et al. 1990). As estrogen often acts
functionally to antagonize the effects of testosterone, it
might be expected that mice lacking an estrogen
response would be hypermasculine. However, the
aggressive behavior of male mice was dramatically
decreased with an almost complete absence of male-
typical offensive attacks (Ogawa et al. 1997). At first,
this result would seem surprising but , it has been
demonstrated that in many animal species there is a
paradoxical affect of estrogen receptors on ma-
sculinization. In rats, the hypothalamus contains the
enzyme aromatase, which converts testosterone to
estrogen. It is aromatized testosterone in the hypo-
thalamus that induces masculine behavior in the rat
via estrogen receptors. Thus the absence of the
estrogen receptor in male mice may lead to paradoxical
feminization due to the failure to stimulate these
hypothalamic estrogen receptors. In contrast to male
estrogen receptor knockout mice, female mice exhib-
ited increased aggression against other females and
mothers tended to cannibalize their pups more often.
Interestingly, female estrogen receptor knockout mice
were treated as “male” intruders by resident male mice
and were thus attacked rather than mounted (Ogawa
et al. 1996). Thus ablation of the estrogen receptor has
complex behavioral effects that are paradoxical in
males (demasculinization, decreased aggression) but
are more expected in the female (masculinization,
increased aggression).

6.6.7 Oxytocin and Oxytocin Receptor Knockout

The hormone oxytocin performs a role in a variety of
functions, including milk ejection, birth, and behavior,
especially affiliative and social behaviors and aggres-
sion (Young et al. 1997). In particular, it has been
observed that monogamous prairie voles and nonmo-
nogamous montane voles have different patterns of
oxytocin receptor expression that are thought to play a
role in social behaviors. To further explore the role of
oxytocin in behavior, knockouts of the oxytocin
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Table 1. Various behavioral phenotypes of knockout and transgenic mice with potential relevance to psychiatry
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Table 1 (Continued)

MAOA, monoamine oxidase A; NCAM, neural cell adhesion molecule; TGF, transforming growth factor; CaMK, calcium calmodulin
kinase; NK, neurokinin; 5-HIAA, 5-hydroxyindoleacetic acid; PKC, protein kinase C; LTP, long-term potentiation; PKA, protein kinase
A; CREB, cAMP response element binding protein; nNOS, neuronal nitric oxide synthase; eNOS, endothelial NOS; CRF, corticotropin-

releasing factor; DA, dopamine; DBH, DA-B-hydroxylase.

peptide and its receptor were both created (DeVries
et al. 1997; Nishimori et al. 1996). Interestingly, the
oxytocin receptor knockout mice were much less
aggressive in two different tests of aggression than
either wild-type or heterozygous mutants. The muta-
tion of the oxytocin gene (OKO) exhibited no behav-
ioral phenotype except for an inability to nurse pups
(defective milk ejection) that was correctable with
exogenous oxytocin injections. The reduced aggres-
siveness seen in the oxytocin receptor knockout mice
is consistent with the findings that this peptide can
play a role in social behaviors.

7
Conclusion

In conclusion, we have attempted in this chapter to
demonstrate the power of transgenic techniques to
more directly understand the connections between

gene function and behavior. The advantage of this
technique is the power to create mutations that are not
found in nature and to study their effects on animals.
These mutations are absolute and precise. We have
also attempted to enlighten the reader concerning
some of the confounding problems that complicate
interpretation of some knockout experiments. In the
future, more precise control of the temporal and
anatomic specificity of the mutation may be possible
and will help address many of the criticisms of current
knockout techniques.

We have chosen to illustrate many of these princi-
ples using the phenotype of aggression to demonstrate
that many different genes can contribute to the
modulation of aggressive behavior in mice. Mutations
in mice have been used to mimic a human mutation in
the MAOA gene to create other mutations in the
serotonin system that also affect aggression (5-HT1B
receptor gene) but for which no human counterpart
exists. Lastly, we have described several other knock-
out mice that have alterations in their aggressive
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behavior. These animals are interesting in several
respects. First, they have often implicated new genes
and neurotransmitter systems in the control of aggres-
sion that had not been previously studied. Second,
these animals often exhibited paradoxical or unex-
pected phenotypes that may be explained by develop-
mental abnormalities or compensatory processes that
are inherent to “classical” knockouts. Lastly, these
mutant animals demonstrate that different mutations
can modulate aggressive behavior in either direction -
up or down.

Finally, in Table 1, we present a sample of the
knockout strains currently available which may be of
interest in understanding behaviors related to psychi-
atric conditions. Since new knockouts are continually
being created, this cannot be thought of as a complete
list, but rather as a representative sample of what is
currently available. The knockouts involve either
receptors for neurotransmitters, enzymes involved in
neurotransmitter synthesis, enzymes involved in sec-
ond messenger pathways, or growth factors. All these
classes of compounds will be involved in multiple
behaviors and neuronal systems, making simple inter-
pretations of the resulting phenotype difficult. The
aggressive mutations have been discussed in some
detail. In addition, there are several strains of mice
which have been utilized in the study of memory and
learning. Interestingly, almost all these mice involve
alterations in second messenger pathways or tran-
scription factors activated as a consequence of second
messenger activation. The clearest information comes
from those knockouts which do not impair learning,
such as NOS knockouts, which suggests that these
systems are not involved in the learning process.
Definitive interpretations will only be possible with
conditional site-specific knockouts, but these data
provide suggestive clues. The mice which show chan-
ges in stress response can be used as models for
anxiety and depression and generally involve the
catecholamine systems and the hypothalamic-
pituitary-adrenal (HPA) axis. Again, interpretation is
difficult, but the models in which a substance is
overexpressed point to a role for corticotropin-releas-
ing factor (CRF) in anxiety. The catecholamine
knockouts have provided less information about mood
disorders or schizophrenia than might be expected
until we consider the difficulty in defining the pheno-
type in a mouse model. In general, dopamine changes
involve drug effects and motor function, while norad-
renergic changes are either lethal or involved the
vascular system.

Thus we believe that the transgenic technologies
described here will hold promise for helping research-
ers to dissect the role of different genes in influencing
behavior. As the human genome approaches being
fully sequenced in the next 5-10 years, the application

of these technologies to newly described genes will
continue to provide insights into the genetic regulation
of behavior.
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