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INTRODUCTION

WESBP Celebrating 30 YEARS of Excellence in Biological Psychiatry

Beyond Boundaries — Across Borders

The history of the World Federation of Societies of
Biological Psychiatry remains to be written. How-
ever, there are already many things to be said on that
leading organisation.

Everything starts in 1974 when Edmond Fisher,
Hungarian immigrant in Buenos Aires, Argentina,
decides to organize the first international congress
dedicated to Biological Psychiatry. Edmond Fisher’s
vision and leadership encouraged many psychiatrists
from different parts of the world to create an
international organization for the promotion and
development of biological psychiatry.

Along the years, the flag of the World Federation
of Societies of Biological Psychiatry crossed innu-
merable countries and was reduplicated in several of
them. Nowadays, psychiatrists from more than 105
countries are taken up in the Federation’s database,
and societies are established in 60 countries. Initially
based in some American and European areas, after
societies of biological psychiatry were founded in all
Latin American nations, the number of national
societies has progressively kept increasing, mainly
due to the enthusiastic expansion of biological
psychiatry in Asia and Central Europe.

From an amateurish management relying on the
good will and personal dedication of its Executive
members, the Federation progressed to a modern
and well-structured organization, with several de-
partments responsible for a variety of tasks, from the
daily contacts with members to the complex organi-
zation of congresses. In 1997 the Federation decided
to make its administration a professional matter:
from the simple but important minutes taken during
the meetings to a more precise description of each
Executive Committee member’s tasks, to the im-
plementation of a central secretariat able to manage
and control all activities directed by the Executive
Committee, to the legal registration as a not-profit-
able organization in Switzerland and the establish-
ment of a specific bank account in Switzerland, to
the regular audits by authorized accountants, to the
full management of its congresses, etc.

With so many psychiatrists and countries joining
the Federation, the creation of a number of Sub-
Committees and Task Forces dedicated to specific

topics was a need that led to numerous productions
and publications. Innovatively, all members of the
Sub-Committees and Task-Forces were chosen
upon suggestions coming from the National Socie-
ties. This represented an additional step towards the
fundamental principle that the Federation does exist
based on its membership.

One of the most significant demonstrations of the
Federation’s new aptitudes was shown in the crea-
tion of The World Journal of Biological Psychiatry in
1998. In Sao Paulo, the Executive Committee
agreed on starting to launch what would become,
in a very short period of time, one of the most
important publications in psychiatry.

A few years ago the Constitution was modified in
order to give a fair political balance to all National
Societies. In the Federation arena all National
Societies democratically share political power.

To protect the Federation and the benefits it
provides to registered members, a WEFSBP Members
Identification Card was recently created, allowing
access to benefits, such as: reduced registration fee at
congresses, restricted areas of the WFSBP web-site,
participation in Committees and Task-Forces, a free
copy of The World Fournal of Biological Psychiatry, as
well the right to vote, and be voted for, at the
Council Meeting and General Assembly.

For being based upon National Societies repre-
senting countries all over the world and, conse-
quently, having to incorporate psychiatrists from
different cultures in all activities, the Federation
aims at accepting and promoting diversity: in other
words, the Federation praises diversity, understand-
ing that progress arises from the confrontation of
differences. WFSBP constitutes a unique interna-
tional arena of biological psychiatry which represents
and integrates the richness of so many cultures. On
top of this, as the Federation also recognizes
differences in terms of development, it endeavours
to promote education in its highest principle, a
principle that all doctors learn at school: the one
who knows more has the moral obligation to transfer
knowledge to the one who knows less. This goes to
show that one of the major tasks that the Federation
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4 Introduction

has in its hands is related to the educational activities
at congresses and special programmes.

A few months ago, a small logo was published on
the Federation website: a flying dove over the
sentence “Justice and Peace. We all are responsible”.
Although the Federation is not a political body, and
accepts neither any political activity nor the use of its
name and image for any political purpose, the fact
that we are all being threatened by loss of freedom
again, and that we have to face so many calamities
affecting different ethnic groups and threatening the
human species, a call for moral consciousness is the
least the Organization should do, hoping that the
force of awareness and consequent vigilance will
bring justice and peace to the worldwide community.

Nowadays, the Federation is an international,
modern, active and well-recognized organization,
thanks to the dedication and efforts of so many
members during this short 30-year history.

If the present is gratifying, the Federation has an
immense future. The astonishing progresses of
research and treatments in the biological field
presents psychiatry as one of the already most
advanced and yet promising medical specialties.
The Federation arena is the universal ground where
knowledge and results are presented and shared.

This supplement is the proceedings of a one-day
scientific session in the city of Buenos Aires (Argen-
tina) on 1 November 2004 to celebrate the 30th
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LECTURE

Can stress cause depression?*

HERMAN M. VAN PRAAG

Department of Psychiatry and Neuropsychology, Academic Hospital Maastricht, and the Brain and Behavior Research
Institute, Maastricht University, Maastricht, The Netherlands

Abstract

The central issue raised in this paper is: can stress cause depression? Phrased more precisely: can stress cause brain
disturbances thought to underlie (certain forms of) depression or particular components of the depressive syndrome.
Focussing on 5-HT and the stress hormones, this question was answered in the affirmative, based on the following two
considerations: (1) changes in the 5-HT and stress hormone systems produced by sustained stress, mimic to a substantial
extent the disturbances in these systems that may be observed in depression; (2) substantial evidence indicates that the
5-HT and stress hormone disturbances in depression are of pathophysiological significance and not merely a consequence of
the depressed state or a product of stress generated by the depressed state. Furthermore, the question was raised whether a
depression type could be identified particularly stress-inducible. This question, too, was answered in the affirmative. The
depression type in question was named anxiety/aggression-driven depression and characterized on three levels:
psychopathologically, biologically and psychologically. Preferential treatment of this depression type was discussed. In
studying stress-inducible depression biological depression research should shift focus from depression per se to the
neurobiological sequelae of stress. Treatment of stress-inducible depressions and particularly its prevention should be
geared towards reduction of stress and stress sensitiveness, utilising both biological and psychological means.

Key words: Stress, serotonin, cortisol, CRH, anxiety/aggression-driven depression

Abbreviations: ACTH, adrenocorticotrophic hormone, AVE arginine vasopressin, CNS, Central nervous system, CSE,
cerebrospinal  fluid, CRH, corticotropin releasing hormone, DHEA, dehydroepiandrosterone, DHEA-S, dehydro-
epiandrosterone sulphate, GR, glucocorticord receptors, S-HIAA, 5-hydroxy indole acetic acid, 5-HT, 5-hydroxytryptamine
(serotomin), 5-HTDE 5-hydroxytryptophan, HPA, hypothalamic—pituitary—adrenal axis, MR, mineralocorticoid receptors,
PVN, paraventricular nucleus, PET, positron emission tomography, PTSD, posttraumatic stress disorder, SSRI, selective
serotomin reuptake inhibitor

Introduction

Can stress cause depression? This is a rather funda-
mental question. If so, biological depression research
should shift focus from depression per se to the
stress syndromes, while trearment of depression, in
that case, would be a treatment in the last resort,
only to be instituted if treatment of the stress
syndrome has been omitted or has failed.

Can stress cause depression? This question is
generally answered affirmatively, based on two con-
siderations (Van Praag et al. 2004). First, depression
is often preceded by stressors, or stressful situations.

Second, preceding depression stressors are much
more frequent than in the general population. These
data, however, constitute at best suggestive evidence,
because it is often so hard to decide whether the
stressor is cause or consequence of the depression or
of the distressed state that so often precedes depres-
sion. Conclusive evidence that stress indeed may
cause depression requires demonstration that this
condition can derail cerebral circuits supposedly
underlying depression or certain depressive features.

This then is the question I will discuss. Can stress
alter the functioning of particular brain systems in a
depressogenic direction. I will be conventional, in

Correspondence: Herman M. van Praag, Department of Psychiatry and Neuropsychology, Academic Hospital Maastricht, and the Brain
and Behavior Research Institute, Maastricht University, P.O. box 616, 6200 MD Maastricht, The Netherlands. Tel: +31 55 5760795.
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*A paper of similar tenor was published in Prog Neuro-Psychopharmacol Biol Psychiatry 28:891-907, 2004.
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6 H. M. van Praag

that I focus on two systems that have been studied
from the dawn of biological depression research on,
i.e. monoamines and in particular 5-hydroxytry-
ptamine (5-HT, serotonin), and the corticotro-
phin-releasing hormone (CRH)/cortisol systems.
Neurosteroids, neurotrophins, the glutamate system
— more recent foci of interest — will be left aside,
because, as yet, not enough is known about their
causal significance in depression.

Serotonin (5-HT) and depression
5-HT metabolism

Several observations point to a deficit in 5-HT
metabolism in depression, or, rather, in a subgroup
of depression. In the late 1960s, several authors
reported lowering of cerebrospinal fluid (CSF) con-
centration of 5-hydroxyindoleacetic acid (5-HIAA)
in some depressives (Van Praag 1969; Van Praag et
al. 1970; Van Praag and Korf 1971; Asberg et al.
1976). The major degradation product of 5-HT, 5-
HIAA, is found in the CSF as well as in the brain
itself. 5-HIAA in lumbar CSF originates partly in the
brain, partly in the spinal cord. Both animal (Mignot
et al. 1985) and human (post mortem) studies
(Stanley et al. 1985) have revealed a close correlation
between brain and CSF 5-HIAA. Furthermore, the
5-HIAA concentration in the brain is to a large extent
a function of 5-HT metabolism. Therefore CSF 5-
HIAA can be considered as an indicator (albeit it a
crude indicator) of 5-HT metabolism in (certain
parts of) the brain. Low CSF 5-HIAA, thus, suggests
lowering of 5-HT metabolism in (certain parts?) of
the central nervous system (CNS).

Subsequently this tentative conclusion was sup-
ported by several lines of evidence. First, the
abundant data that the various classes of antidepres-
sants as well as electroconvulsive treatment, improve
the efficiency of 5-HT-ergic transmission, particu-
larly of 5-HT,s receptor-mediated transmission.
This happens either by sensitization of postsynaptic
5-HT receptors or by desensitization of presynaptic
5-HT receptors that normally reduce the release
of 5-HT in the synaptic cleft or inhibit the firing rate
of the 5-HT nerve cell (Blier and de Montigny
1994).

A second group of data is derived from the so-
called tryptophan-depletion strategy (Young et al.
1985). Tryptophan is an essential aminoacid and the
precursor of 5-HT. A shortage of tryptophan will
lead to a deficiency of 5-HT. Such a shortage can be
generated by ingesting a mixture of amino acids,
devoided of tryptophan and rich in competing amino
acids, i.e. amino acids competing with tryptophan
for the same transport mechanism from the blood

stream into the CNS. This leads to rapid decrease of
tryptophan in the blood stream (Delgado et al.
1989), lowering of 5-HIAA in the CSF (Williams
et al. 1999) and, in animals, to substantial lowering
of brain 5-HT (Moja et al. 1989).

Applied to normal volunteers this procedure leads
to the occurrence of mood lowering (Young et al.
1985), in particular in those individuals with a family
history of depression (but without having gone
through depressive episodes themselves) (Benkelfat
et al. 1994; Klaassen et al. 1999a,b) (Figure 1).
Patients in remission from an episode of major
depression, who responded to tryptophan depletion
with mood lowering, showed an increased relapse
risk in the next 12 months (Moreno et al. 2000).
Depletion of 5-HT but not of NA induces a relapse
in depressed patients in remission after treatment
with 5-HT specific antidepressants (Delgado and
Moreno 2000). Conversely, treatment with the
5-HT precursor, 5-hydroxytryptophan (5-HTP), in
combination with a peripheral decarboxylase inhibi-
tor, led to amelioration of depression, in particular in
patients with low CSF 5-HIAA (Van Praag and De
Haan 1980a,b).

Furthermore (some) depressed patients exhibit
reduced tryptophan availability in plasma (Maes
et al. 1990), reduced increase in plasma 5-hydro-
xytryptophan (5-HTP) after an oral load with L-try-
ptophan (Deakin et al. 1990) and decreased uptake
of 5-HTP across the blood—brain barrier (Agren
et al. 1991; Agren and Reibring 1994). These data,
too, suggest a defect in the synthesis of 5-HT.

Direct measurement of 5-HT synthetic capacity is
presently possible by positron emission tomography
(PET), measuring the trapping of the tracer [o-''C]
methyl-L-tryptophan (¢-MTrp) into the synthesis of
5-HT. o-MTrp is a synthetic analog of L-tryptophan.
Its methyl group prevents incorporation of the tracer
in protein metabolism (Diksic et al. 1990), but does

25
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Figure 1. Effect of tryptophan depletion on mood, in normal
individuals with or without positive family history for depression.
Tryptophan depletion generates pronounced mood lowering for a
brief period (Klaassen et al. 1999). FH =family history.



not interfere with its incorporation in the synthesis of
5-HT. The rate of trapping of «-MTrp is considered
to be an index of 5-HT synthetic capacity (Chugani
and Muzik 2000). Low 5-HT synthesis capacity has
been found in impulsive subjects with borderline
personality disorder (Leyton et al. 2001), a disorder
often complicated by depressive symptoms, as well
as in depression in particular in those patients with
high impulsivity (Benkelfat et al. 2002).

Three further observations important in this
context should be mentioned.

First, lowering of CSF 5-HIAA in a subgroup of
depression, appears to be a trait-related phenome-
non: it does not disappear after remission of the dep-
ression (Van Praag 1977, 1992a; Triskman-Bendz
et al. 1984). Marginal 5-HT production possibly
represents a vulnerability factor, increasing the risk
of depression in times of mounting stress (Van Praag
1988). This hypothesis is supported by the finding
that treatment with 1-5-HTP, a 5-HT precursor the
brain readily transforms into 5-HT, has therapeutic
and prophylactic efficacy in depression, in particular
in those with signs of deficient 5-HT metabolism
(Van Praag and De Haan 1980a,b).

Second, lowered CSF 5-HIAA in depression was
shown to correlate positively with increased anxiety
(Van Praag 1988) and with manifestations of in-
creased aggression, both inward (Asberg et al. 1976)
and outward (Linnoila et al. 1983; Coccaro 1992;
Virkkunen et al. 1994) directed aggression (Table I,
Figures 2 and 3).

Third, the association of low CSF 5-HIAA and
increased anxiety and aggression is demonstrable
across diagnoses. Apparently it is independent of the
nosological context in which the increase in anxiety
and aggression occurs (Van Praag et al. 1987; Van
Praag 1997a). These biological disturbances are
what we have called functionally specific, i.e. linked
to disturbances in psychic functions, rather than
nosologically specific, i.e. linked to a particular
disease entity (Van Praag 2000).

Table I. Low 5-HIAA depressives compared to normal 5-HIAA
depressives present (Van Praag 1988).

Finding P
More suicide attempts <0.01
Greater number of contacts with police <0.05
Increased arguments with
Relatives <0.05
Spouse <0.01
Colleagues <0.05
Friends <0.05
More hostility at interview <0.05
Impaired employment history (arguments) <0.05
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Figure 2. Post-probenecid CSF 5-HIAA concentration in patients
with major depression, melancholic type. This variable correlates
negatively with trait anxiety scores (Van Praag 1988).

5-HT receptor disturbances

Besides metabolic disturbances, receptor distur-
bances have been found in depression; again, not
in depression as such but in a subgroup of depres-
sion.

The 5-HT system operates via a great number, at
least 15, probably function-specific receptors. They
are subdivided into seven subtypes, named 5-HT},
5-HT,...5-HT; receptors. The 5-HT,; receptor
family is subdivided into four subgroups 5-HT;a
up to 5-HT;p, the 5-HT, family counts three
subtypes: 5-HT, up to 5-HT,¢ receptors.

5-HT;5 receptors are located both pre- and
postsynaptically. The presynaptic 5-HT ;5 receptor
is located on the cell bodies and involved in negative
feedback regulation of the 5-HT neuron. Its activa-
tion leads to reduction in firing rate. The 5-HTp
receptor (analogous with the 5-HT;g receptor in
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Figure 3. Peak prolactin response to d-fenfluramine in healthy
controls and a group of patients with major depression with or
without a history of suicide attempts. The prolactin response was
blunted in the suicidal depressed group (SHDP) relative to the
non-suicidal depressed group (NSHDP) and the control group
(Corréa et al. 2000).
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rodents) is also found pre- and postsynaptically. The
presynaptic receptor is located on the presynaptic
membrane and functions likewise as a ‘5-HT brake’:
its activation leads to diminution of 5-HT release.

In humans, 5-HT receptors have been predomi-
nantly studied with challenge tests. To the extent
that selective ligands have become available, PET
and SPECT studies recently have assumed an ever
more important role. In most challenge tests ndirect
5-HT agonists have been used, such as the 5-HT
precursors, tryptophan and 5-HTP, as well as
fenfluramine, a 5-HT releaser and inhibitor of its
reuptake (Newman et al. 1998). The secretion of
prolactin and ACTH by the pituitary gland and of
cortisol by the adrenal cortex have been mostly used
as serotonergically mediated variables.

Most of those studies reported blunting of the
hormonal responses to indirect 5-HT agonists in a
subgroup of depression (Ansseau 1997; Newman
et al. 1998), indicating downregulation of 5-HT
receptors. The prolactin responses to fenfluramine
and to the selective serotonin reuptake inhibitor
(SSRI) citalopram remain blunted in recovered
patients (Florey et al. 1998). The cortisol response
to citalopram on the other hand does normalize
(Bhagwagar et al. 2002). These findings suggest that
some aspects of impaired 5-HT-ergic transmission
are trait-markers, just as low CSF 5-HIAA is.

Indirect 5-HT agonists act presynaptically and
hence increase 5-HT availability throughout the
entire 5-HT system. They do not provide informa-
tion as to which of the some 15 different subtypes of
5-HT receptors are actually downregulated. To this
end one needs selective and direct agonists (or
antagonists) of each of the receptor subtypes. Only
few of those are available for use in humans.

Highly selective, full, pre- or postsynaptic 5-H7; 4
agonists or antagonists have not yet been studied in
humans. Data are available regarding a few azapir-
one derivatives, i.e. ipsaperone, giperone and bus-
pirone. Those compounds are partial agonists of the
5-HT;a receptor and not very selective ones: their
main metabolite 1-phenyl-piperazine, for instance, is
also a op-adrenergic antagonist. Blocking of this
presynaptically located adrenergic receptor, present
on both 5-HT-ergic and NA-ergic neurons, could
lead to increased 5-HT and NA release and thus
contribute to antidepressant effects. In addition,
these drugs activate the D, receptor, particularly
buspirone.

Several studies reported blunted hormonal re-
sponses after an ipsaperone challenge in (a subgroup
of) depression, as well as attenuation of buspirone-
induced hypothermia, suggesting abnormal func-
tioning of the 5-HT; receptor (Lesch et al. 1990;
Cowen and Wood 1991). As mentioned, this recep-

tor is located both post- and presynaptically. The
presynaptic 5-HT'; o receptors are located on the cell
bodies and dendritic branches of 5-HT-ergic neu-
rons. They play an important role in feedback
inhibition of the 5-HT-ergic neuron. Stimulation of
a 5-HT-ergic nerve cell leads to release of 5-HT not
only in the synaptic cleft but also in the region of the
soma (cell body). The somatodendritic 5-HT;a
receptor is thus activated, which leads to inhibition
of the firing rate of the 5-HT-ergic neuron. Blunted
hormonal responses to ipsaperone could thus mean:
hyporesponsivity of the postsynaptic 5-HT' ;5 recep-
tor or hyperresponsivity of its presynaptic equivalent.
Since, normally, after administration of ipsaperone,
the release of hormones like prolactin and cortisol
increases, activation of the postsynaptic receptor
evidently supersedes that of the presynaptic receptor
and hence blunting of the ipsaperone response can
be regarded as an indication of downregulation of
the postsynaptic 5-HT; 5 receptor.

PET studies provided direct evidence for 5-HT 5
receptor pathology in depression. A widespread re-
duction in 5-HT 5 receptor binding was reported in
patients with major depression, both presynaptically
in the raphe nuclei — and postsynaptically, i.e. in
several cortical regions (Drevets et al. 1999; Sargent
et al. 2000) (Figure 4). After remission an increase
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Figure 4. Scatter histograms of the 5-HT;, receptor binding
potential values for depressed patients and a control group. Within
the depressed sample, circles indicate unipolar depressives with
only major depressive disorder relatives, triangles indicate uni-
polar depressives with bipolar depressive (BD) relatives, and
squares designate BD depressives with BD relatives. Mean and
standard error bars appear to the right of each data set (Drevets
et al. 1999).



failed to occur. 5-HT 5 receptor disturbances in
depression, thus, possess trait-character, possibly
representing risk factors for depression. This phe-
nomenon, too, is not categorically — (i.e. depression-)
specific. Decreased 5-HT 5 density has also been
demonstrated in panic disorder (Charney, 2004).

The hypothesis that 5-HT'| 5 receptor pathology is
involved in the pathophysiology of (certain types of)
depression or certain components of the depressive
syndrome is supported by animal data.

In animal models of depression (particularly the
forced swimming test and the learned helplessness
test), highly selective 5-HT;5 receptor agonists
possess antidepressant properties (Mayorga et al.
2001). In addition they exert antiaggressive and
anxiolytic effects (Borsini et al. 1999). Mice lacking
the 5-HT 5 receptor show increased anxiety (Parks
et al. 1998). Several lines of evidence indicate that
these are postsynaptic effects. This was most ele-
gantly demonstrated by Gross et al. (2002). They
developed a method to knock out and restore the
5-HT,5 receptor locally, and demonstrated that
anxiety-like behaviour was only produced if
5-HT ;s receptors in the forebrain were deleted,
not if their presynaptic counterpart in the raphe
nuclei were knocked out.

Some evidence suggests that the postsynaptic
5-HT;p receptor may be hyporesponsive in depres-
sion. Challenge tests with zolmitripan, a 5-HTp
receptor agonist that penetrates the brain fairly well,
leads to increased release of growth hormone,
supposedly via activation of postsynaptic 5-HTp
receptors. In depression, particularly melancholic
depression, the growth hormone response to zolmi-
tripan was found to be blunted (Whale et al. 2001).
Activation of the postsynaptic receptor has strong
aggression-reducing effects; knocking-out the 5-
HT,5 receptor in mice leads to enhancement of
aggressive behaviour (Sandou et al. 1994). Some
animal data suggest that the 5-HT;g receptor is
involved in antidepressant drug action in animal
models of depression (Redrobe et al. 1996). Human
data indicating antidepressant activity of postsynap-
tic 5-HT;p receptors agonists however, are lacking.

The status of the 5-HT, recepror in depression is
uncertain. This receptor type has been studied with
challenge tests, using the relative selective 5-HT ¢
agonist, m-chlorophenylpiperazine (mCPP). It is an
anxiogenic substance and may provoke panic attacks
in patients with panic disorder; while, in addition,
the hormonal responses to mCPP are above average,
indicating supersensitivity of this receptor. Patients
suffering from generalized anxiety disorder or panic
disorder, also showed increased hostility rating after
mCPP administration. Normal subjects did not
(Germine et al. 1992). In depression, the sensitivity

Can stress cause depression? 9

of the 5-HT,c receptor has been found to be
increased (Riedel et al. 2002).

Peripherally, in blood platelets, upregulation of
5-HT,a) receptors has been frequently observed in
depressed patients (Pandey et al. 1990), particularly
in suicidal depressed patients (Hrdina et al. 1993)
and in assaultive personality disordered individuals
(Coccaro et al. 1997). However negative reports
have also been published (Cowen et al. 1987).

Brain imaging studies, on the other hand, showed
mixed results. In a single photon emission computer
tomography (SPECT) study D’Haenen et al. (1992)
found increased 5-HT, receptor binding. PET
studies revealed no change (Meyer et al. 1999)
or a decrease (Yatham et al. 2000; Audenaert
et al. 2001). The decrease, however, could have
been caused by previous antidepressant treatment
(Yatham et al. 1999). Moreover, different receptor
ligands were used.

In favour of a role for 5-H'T', receptor overactivity
in the pathophysiology of depression speaks the
observation that 5-HT, receptor antagonists and
inverse agonists have been shown to possess anti-
depressant potential in animal models (Bromidge
et al. 2000; Yamada and Sugimoto 2001).

Summary

A decrease of 5-HT metabolism has been ascer-
tained in the brain of a subgroup of depression: this
phenomenon is trait-related and associated with
heightened anxiety and increased aggression, both
inwardly and outwardly directed aggression across
diagnoses.

In addition, 5-HT receptor disturbances may be
observed in this type of patients. The data are most
firm for the 5-HT 5 receptor that was found to be
downregulated in a trait-related fashion. Based on
animal data, one can assume this phenomenon to be
associated with increased anxiety and aggression.

The data on other 5-HT receptors that have been
studied in humans are tentative. Some evidence
suggests the 5-HT|p receptor to be hyposensitive,
and the 5-HT,c receptor to be hypersensitive. The
former phenomenon can be expected to increase the
aggression level, the latter phenomenon the anxiety
level.

It is well known that in some depressives, incre-
ased anxiety and aggression are prominent features.

Stress hormones and depression
Excess cortisol

Since the introduction of the antidepressants, mono-
amines have been a major focus of biological
depression research. A second line of intense in-
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vestigation relates to the hypothalamic—pituitary—
adrenal (HPA) axis. It received its major impetus
from the work of Sachar et al. (1973), showing
around the clock elevation of plasma cortisol con-
centrations in depression and an altered circadian
pattern of cortisol secretion. The frequency, dura-
tion and magnitude of secretory busts are increased.
The usual dip between 20.00 and 02.00 h disap-
pears; instead, cortisol hypersecretion continues.
Sachar and his group were not the first to report
on hypercortisolemia in depression (Board et al.
1956), but it was the first detailed 24-h study.

Depressed patients with high resting plasma
cortisol, still show a substantial cortisol response to
physiological or psychological stressors. Failure to
limit the stress-induced cortisol response will, thus,
result in greater overall exposure to cortisol. Assum-
ing excess cortisol to be related to behavioural
changes, a vicious circle will therefore be initiated
(Young et al. 2000). Two types of corticosteroid
receptors have been described in the brain: miner-
alocorticoid receptors (MRs, or type I receptors)
and glucocorticoid receptors (GRs, or type II
receptors) (De Kloet and Reul 1987; De Kloet
1991). MRs bind to mineralocorticoids such as
aldosterone but to glucocorticoids as well, and
even with higher affinity. Cortisol binds to both
MRs and GRs, but it has 10 times higher affinity for
MRs. Under normal conditions MRs are already
largely occupied, in contrast to the GRs. MRs,
therefore, control basal HPA activity. When cortisol
levels rise, such as under conditions of stress, GRs
become more and more occupied. This provides the
signal for reduction of HPA axis activity. MRs being
activated at low cortisol concentrations and GRs
activated at higher cortisol concentration enable the
brain to respond appropriately to a range of cortisol
concentrations (Joéls and De Kloet 1994; Holsboer
2000).

Other signs of HPA axis overdrive

Many additional data indicate that the HPA system
may be hyperactive in depression. Pertinent are the
following observations (Arborelius et al. 1999;
Holsboer 2000).

— Increased level of circulating ACTH.

— Increased urinary cortisol excretion.

— Increased levels of CRH in CSF (Figure 5) and
an increased number of CRH secreting neurons
and CRH messenger RNA in the hypothala-
mus. The number of CRH binding sites on the
other hand is reduced, possibly consequent to
elevation of CRH availability.

— The number of neurons containing both CRH
and vasopressin in increased and so is the
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Figure 5. CSF CRF-like immunoreactivity in patients with
schizophrenia, patients with major depression, and control sub-
jects with various peripheral neurological diseases (Banki et al.
1987).

number of neurons that produce vasopressin
or oxytocin only. Plasma levels of arginine
vasopressin (AVP) were found to be elevated
in depression. Both vasopressin and oxyto-
cin potentiate CRH-mediated ACTH release
(Figure 6).

— GR binding on blood platelets and in post-
mortem brain is decreased, indicating that GR
negative feedback is diminished.

Furthermore, in depression, various hormonal chal-
lenge tests can be out of balance, likewise pointing to
disturbed HPA axis regulation (Table II).

— First of all, the suppression of cortisol release
that normally follows administration of dexa-
methasone may be incomplete (Carroll, 1982).
Dexamethasone is a synthetic corticosteroid that
like cortisol binds to GRs on ACTH producing
cells in the anterior pituitary. The dexametha-
sone suppression test measures the capacity of
GRs on the anterior pituitary to negatively
control the ACTH/cortisol release. To achieve
the normal degree of cortisol suppression in
depressed non-suppressors, a higher dose of
dexamethasone is required (Modell et al.
1997). The negative feedback acting through
GRs is apparently changed to a higher setpoint.
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Table II. Major disturbances in the functioning of the HPA axis in (a subtype of) depression.

Clinical findings

Challenge tests

Postmortem findings

1 CSF CRH
1 Plasma ACTH
1 Plasma cortisol

1 Urinary cortisol

| GR binding on blood platelets Dex/CRH challenge: increased ACTH response

Enlargement pituitary and
adrenal cortex

Blunting ACTH response to CRH

Dexamethasone (Dex) non-suppression of cortisol T Number CRH neurons in hypothalamus

T CRH messenger RNA in hypothalamus

T Number vasopressin neurons in hypothalamus

| GR binding in brain

— The ACTH response to CRH may be blunted,
supposedly due to downregulation of CRH
receptors on the pituitary gland, secondary to
overproduction of CRH (Gold et al. 1986).
Blunting of the ACTH response to CRH is
positively correlated with dexamethasone non-
suppression (Krishnan et al. 1991).

The ACTH response to vasopressin remains normal
and so does the ACTH response to a combination of
CRH and vasopressin (Dinan et al. 1999). The
cortisol response to a CRH challenge remains
normal as well, possibly because the adrenal cortex
is hyperactive and secretes more cortisol per ACTH
pulse than normal (Krishnan et al. 1991). Hyper-
activity of the adrenal cortex could also explain why
the cortisol response to a ACTH challenge in
depression might be greater than normal.

— In depressed patients, after pretreatment with
dexamethasone, the ACTH response to CRH is
not decreased, as it is in depressed patients
not pretreated with dexamethasone, but rather
increased. This has been explained in the
following way (Von Bardeleben and Holsboer
1989). Dexamethasone (in low doses) does not
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Figure 6. Number of CRH and AVP neurons in the paraven-
tricular nucleus (PVN) of depressed patients. Patients with major
depression have an increased number of CRH and arginine
vasopressin (AVP) neurons and neurons containing both CRH
and AVP in the hypothalamic PVN. Both peptides potentiate their
actions on pituitary CRH receptors. DEP =depressed patients;
CON =controls (adapted from Raadsheer et al. 1994; Purba et al.
1996; Holsboer 1999).

penetrate the blood—brain barrier well. Its
inhibitory effects on the HPA axis are affected
predominantly by inhibiting ACTH release and
not via interference with CRH release (Cole et
al. 2000). ACTH and cortisol levels are thus
reduced. The negative feedback on CRH re-
lease diminishes and consequently the release of
CRH (and that of other ACTH-stimulating
peptides such as vasopressin) will increase. An
additional CRH pulse will override downregu-
lation of the CRH receptors on the pituitary
and produce an increased ACTH response.
This effect will be even more pronounced in
depressed patients in whom CRH and ACTH
production are already elevated to begin with.
(Figure 7)

Increased ACTH response to CRH after pre-treat-
ment with dexamethasone is also found in a sub-
stantial proportion of first-degree relatives of
patients with depression without a history of psy-
chiatric illness or current stressful life events (Modell
et al. 1998). Raadsheer et al. (1994, 1995) reported
that hypothalamic CRH cells may remain activated
in depressed patients who had been in remission.
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Figure 7. ACTH response to CRH after pretreatment with
dexamethasone in depressed patients (@), in depressed patients
after remission (O) and in normal controls (O). Relative to the
control group the response in depressed patients is significantly
increased. The response in the group of remitted patients is
significantly lower than in the depressed phase but still greater
than in the control group (after Holsboer-Trachsler et al. 1991).
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Thus CRH overdrive seems to be a trait-related
phenomenon.

It should be emphasized that stress hormone
abnormalities are not typical for depression as
such, but only occur in a subgroup of depression.
These hormonal abnormalities are not specific for a
subgroup of depression as presently defined either.
In panic disorder, for instance, the ACTH response
to CRH may be blunted (Chalmers et al. 1996) and
the dexamethasone/CRH test shows alterations si-
milar to those observable in depression (Schreiber
et al. 1996). In posttraumatic stress disorders
(PTSD), CSF CRH was found to be increased
(Bremner et al. 1997) and in anorexia nervosa a
markedly attenuated ACTH response to CRH has
been reported (Chalmers et al. 1996). Apparently,
the disturbances in the HPA axis are categorically
non-specific and possibly related to disturbances in
specific psychic regulation mechanisms, across diag-
noses. It is not yet known, however, which regulatory
mechanisms might be involved.

Another finding pertinent for the question under
discussion — i.e. can stress cause depression — is that
CRH is not restricted to the parvo-cellular division
of the paraventricular nucleus, located in the hy-
pothalamus, but in addition has a widespread extra-
hypothalamic distribution. It is, for instance, found
in the neocortex, amygdala, and in brainstem nuclei
such as the raphe nuclei. Hypothalamic CRH
controls HPA axis activity. Extra-hypothalamic
CRH is a putative neurotransmitter and is held
responsible for the behavioural effects of CRH.

Are the stress-hormone changes in depression, stress- or
depression-related?

A major issue is whether the increased release of
stress hormones is epiphenomenal or pathogenic.
Pathogenic means: involved in the pathophysiology
of depression. Epiphenomenal indicates that the
hormonal disturbances are secondary phenomena:
result of anxiety and tension that often precede and/
or accompany depression. Since signs of increased
HPA axis hyperactivity continue around the clock, it
has been concluded that this a primary phenomenon
and not the resultant of conscious upsetting experi-
ences (Wong et al. 2000). This is not a convincing
argument, because depression is often accompanied
by frightening and vivid dreaming and such dreams
can be pretty alarming. Several lines of evidence,
however, point to stress hormones as depressogenic
variables. I will discuss some of them briefly.

Stress hormones and antidepressants. Treatment with
antidepressants, if effective, leads to normalization
of HPA axis activity, including CSF concentration of

CRH and AVP (De Bellis et al. 1999). As such, this
is not an argument in support of a primary role of
HPA axis overactivity. Even if overdrive of this
system were to be a secondary phenomenon one
would expect it to normalize after remission. Several
phenomena, however, suggest a primary role of HPA
axis overactivity. Various types of antidepressants,
including SSRIs, noradrenaline reuptake inhibitors
and monoamine oxidase inhibitors, increase: (a)
corticosteroid receptor gene expression, (b) the
capacity of brain tissue to bind corticosteroids and
(c) steroid receptor immunoreactivity in the brain.
The time course of the actions of antidepressants on
corticosteroid receptor concentration, moreover,
follows that of clinical improvement (Reul et al.
1993).

Rats treated with various types of antidepressants
show first an increase of MRs, an effect followed by
upregulation of GRs (Reul et al. 1993). Antidepres-
sant-induced upregulation of corticosteroid recep-
tors, particularly GRs leads to strengthening of the
negative feedback and consequently to decrease of
HPA axis hyperactivity with lowering of CSF CRH
concentration, plasma ACTH and cortisol levels and
normalization of the dexamethasone suppression
test and the dexamethasone/CRH test (Zobel et al.
1999). Several SSRIs, however, do not increase GR
mRNA (Seckl and Fink 1992) and, hence, upregu-
lation of GRs cannot be considered as a unitary
antidepressant mechanism.

The pronounced effects of most, but not all,
antidepressants on GR gene expression support the
view that hyperactivity of the CRH—-ACTH—cortisol
system in depression is more than just an epipheno-
menon, and might be involved in the pathopysiology
of (certain types of) depression.

Do CRH and cortisol influence behaviour?. CRH 1is a
41-amino acid peptide. High concentrations of CRH
are found in the parvocellular division of the para-
ventricular nucleus (PVN) and in several extra-
hypothalamic structures. The former division reg-
ulates the HPA axis, the latter is responsible for the
behavioural components of the stress response. The
behavioural effects of CRH are centrally mediated
and independent of the HPA axis. They persist after
hypophysectomy.

Cortisol effects CRH production. It enters the
brain, diffuses passively through cell membranes,
and binds to intra-cellular receptors. This process
promotes their translocation to the nucleus. Within
the cell nucleus the ligand-activated receptors
cause up- or downregulation of the expression of
various genes, amongst others those related to CRH
production.



Cortisol, now, restrains CRH producing cells in
the PVN steering the HPA axis, by inhibiting CRH
gene expression. They enhance, however, CRH gene
expression in the extrahypothalamic CRH system.
Behavioural effects of CRH, thus, are not subject to
the cortisol-mediated negative feedback. On the
contrary, extra-hypothalamic CRH and cortisol
work together in a mutually reinforcing positive
feedback loop.

Behavioural effects of CRH. Administration of CRH
directly into the brain, either intraventricularly or
intracerebrally at specific sites leads to a wide array
of behavioural effects, the character of which de-
pends on dose and on the behavioural state of the
test animal (Heinrichs et al. 1995). In animals under
low arousal conditions, CRH in moderate doses
produces dose-dependent behavioural activation
with increased arousal and vigilance. Locomotor
activity is increased, and likewise rearing, sniffing
and grooming when rats are tested in a familiar
environment. These effects remain after hypophy-
sectomy, indicating that they are generated indepen-
dent of the HPA axis (Eaves et al. 1985).

In higher doses, or administered to stressed
animals the CRH effects are quite different and
can be construed as anxiogenic. Heart rate and
respiration increase and so does the blood pressure,
blood sugar level, gluconeogenesis and acoustic
startle response. Exploration of unfamiliar envi-
ronments is decreased; stress-induced freezing is
increased, and likewise the responsiveness to
sensory stimuli and the conditioned fear response
during aversive stimulation; sexual activity and
receptivity are decreased and so is food intake while
grooming is increased (Koob et al. 1993; Heinrichs
et al. 1995). Plasma concentrations of adrenalin,
NA, cortisol and ACTH are elevated. Whereas
sympathetic nervous system is obviously activated,
the parasympathetic nervous system is inhibited (de
Souza 1995).

Antisense oligodeoxynucleotides against CRH or
CRH receptors produce anxiolytic effects (Contar-
ino et al. 1999). CRH antagonists also produce
anxiolytic effects (Koob et al. 1993). Transgenic
mice overproducing CRH were found to be ‘an-
xious’, e.g. to overrespond to novel environments
(Stenzel-Poore et al. 1994). These data likewise
indicate that CRH plays a role in anxiety regulation.

In non-human primates, CRH triggers anxiety/
despair-related phenomena such as vocalizations,
huddling and lying down behaviour, also seen after
infant monkey’s are separated from their mother
(Owens and Nemeroff 1991; Koob et al. 1993;
Arborelius et al. 1999). These effects, too, are
independent of the effects of CRH on the HPA
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axis and are abolished or prevented by CRH
receptor antagonists (Heinrichs et al. 1995).

Apparently, the regulatory significance of CRH
reaches far beyond the control of the HPA axis. The
effects of CRH are mediated via two receptors namely
CRH, and CRH,, receptors. Interestingly, recent data
indicate that only activation of the CRH, receptor
induces anxiety-related behaviour. The CRH, recep-
tor seems to have opposite effects (Heinrichs et al.
1997). Knocking out this latter receptor leads to
anxiety-like behaviour, suggesting that its activation
might have anxiolytic effects (Kishimoto et al. 2000).
A CRH-like peptide has been discovered that, like
CRH, binds to both CRH,; and CRH, receptors. It
has been named urocortin (Vaughan et al. 1995). Its
CNS distribution is distinct from CRH and it binds
much stronger to CRH, receptors than CRH does. It,
thus, seems likely that an urocortin system exist
distinct from the CRH system, facilitating coping
and behavioural adaptation.

In summary, CRH in animals leads to a series of
stress-like physiological and behavioural phenom-
ena. The behavioural features indicate increased
anxiety, while some phenomena are also observed
in animal models of depression (e.g., decreased
food intake, inhibition of sexual behaviour, sleep
disturbances and psychomotor activation). These
data suggest a role for CRH in the pathophysiology
of states of anxiety and depression, conditions that in
humans often occur together.

CRH 1n depression. As discussed before, in depres-
sion, CRH overdrive may occur (Nemeroff et al.
1984) as is apparent from a number of observations:

— Increased CRH concentration in plasma and
CSF (Nemeroff et al. 1984; Catalan et al. 1998)
(Figure 7), whereas the level of CSF CRH and
dexamethasone non-suppression are positively
correlated.

— Serial CSF samples over 6 h revealed increased
CRH levels at all time points (Baker et al.
1999).

— In post-mortem studies of depressed patients,
an increase has been observed in brain CRH
concentrations, CRH mRNA expression, in the
number of AVP and CRH containing neurons
and in those that contain both peptides
(Raadsheer et al. 1994, 1995; Purba et al.
1996). Possibly secondary to increased CRH
production, CRH receptor density was found to
be decreased (Nemeroff et al. 1988).

— ACTH response to CRH is blunted, conceiva-
bly due to CRH receptor downregulation on
the pituitary, consequent to CRH overpro-
duction.
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— Some authors did report downregulation of
CRH receptors and decreased GR mRNA in
the cortex of (depressed) suicide victims. De-
creased GR mRNA, was also found in schizo-
phrenia, indicating this phenomenon to be
nosologically non-specific (Webster et al.
1999). Other investigators, however, found the
number of CRH receptors and the affinity of
CRH receptors to be unchanged (Hucks et al.
1997).

Overproduction of CRH could be a primary phe-
nomenon (enhanced forward drive) (Nemeroff
1996) or, alternatively, the consequence of impaired
GR function, leading to reduced corticoid-mediated
negative feedback at the level of the pituitary
corticotrope or the hypothalamus (Young et al.
1991). Some data suggest impaired feedback inhibi-
tion. Dexamethasone non-suppression, of course, is
one case in point. Furthermore, GRs on lympho-
cytes have been found to be reduced in depressed
patients (Whalley et al. 1986).

In summary, then, it appears that CRH overdrive
might occur in depression, but it is by no means a
universal phenomenon in this group of disorders,
nor is it specific for depression. Its cause is often
surmised to be downregulation of GRs, but support-
ing evidence is rather flimsy. Primacy of CRH
overdrive remains an arguable standpoint. Interest-
ingly, in some depressed patients CSF CRH levels
were found to be decreased (Geracioti et al. 1997)
again, suggesting that the group of mood disorders is
heterogeneous in a biological sense, as it is psycho-
pathologically.

Antagonists of stress hormones in depression. If CRH
overdrive and hypercortisolemia would indeed be
involved in the pathophysiology of depression or
some of its components, one would expect suppres-
sion of CRH or cortisol activity to exert antidepres-
sant effects. Indeed, antidepressants, at least some
groups of antidepressants as well as lithium and
electroconvulsive treatment have the ability to in-
crease GR mRNA, to enlarge in this manner the
density of GRs on the pituitary and the hypothala-
mic PVN and thus to strengthen the cortisol-
mediated negative feedback loop (Reul et al.
1993). Presumably MRs are likewise upregulated
by (some?) antidepressants (Seckl and Fink 1992),
but the evidence for that is less abundant. Activation
of both GRs and MRs would result in downregula-
tion of HPA axis activity.

Recent research has focused on the development
of compounds specifically capable to decrease CRH
and cortisol production or to block receptors it acts
on (Beverley and Murphy 1997).

Inhibitors of steroid synthesis will lower raised
cortisol levels. Ketoconazole has been used for this
purpose, so far particularly in patients resistant to
conventional antidepressants (Ravaris et al. 1988;
Wolkowitz et al. 1999b), and in addition metyrapone
and aminoglutethimide (Murphy et al. 1991).
Though the amount of controlled observations is
still small, most investigators report encouraging
results, particularly in patients with hypercortisole-
mia. Recently, however, Malison et al. (1999)
published a negative study with ketoconazole in
treatment-refractory patients with major depression.

Diminution of cortisol productions is, so it would
seem, a double-edged sword. On the one hand it is
expected to eliminate the noxious effects of excess
cortisol, on the other hand it would weaken the
cortisol-mediated brake on CRH production, a
hormone supposed to play a key-role in the patho-
genenesis of (certain types of) depression. However,
Patchev et al. (1994) demonstrated that the latter
probably does not occur, since steroid synthesis
inhibitors do increase the pool of neuroactive
steroids and some of those suppress CRH expres-
sion.

Dehydroepiandrosterone  (DHEA) and  its
sulphated metabolite (DHEA-S), are adrenal ster-
oids of unknown physiological significance that
possess antiglucocorticoid properties. DHEA 1is a ster-
oid secreted by the adrenal cortex synchronously
with cortisol. It may confer neuroprotection, while
excess cortisol has neurotoxic potential, at least in
the hippocampus (Kimonides et al. 1998). Plasma
levels were found to be decreased in depression
(Barrett-Connor et al. 1999). Some preliminary data
suggest that DHEA might have antidepressant
potential (Wolkowitz et al. 1999a). The available
database, however, is not sufficient for even an
interim conclusion.

Another approach to normalize cortisol levels has
been the application of zype I CRH receptor antago-
nists. In animals, such compounds reduce a reper-
toire of behaviours associated with anxiety (Basso
et al. 1999; Arborelius et al. 2000). A recently
developed compound of this nature, R 121919, a
pyrazolopyrimidine derivative, is now clinically
tested and seems to exert anxiolytic and antidepres-
sant effects (Holsboer 2000, 2001; Zobel et al.
2000). It does not suppress stress-induced HPA
axis activity, possibly because it leaves type-2 CRH
receptors, present at the pituitary, responsive. Sev-
eral other lipophilic CRH antagonists, capable of
penetrating the blood—brain barrier, and possessing
oral bio-availability are presently in development
(Owens and Nemeroff, 1999).

Another strategy proposed to reduce circulating
cortisol is acrivarion of GRs, thus, strengthening the



cortisol-mediated negative feedback system. Dexa-
methasone has been used for this purpose in a few
controlled, but small studies (Scott et al. 1999). All
reported some antidepressant activity.

Finally antagonists of GRs have been studied. The
rationale is two-fold: first, to block the detrimental
effects of excess cortisol; second, to promote com-
pensatory upregulation of GRs secondary to their
blockade. This type of drug would combine anti-
glucocorticoid activity, and the ability to enhance the
cortisol-mediated feedback on the HPA axis. Clinical
experience with this type of drugs is extremely limited
(McQuade and Young 2000). Only one GR antago-
nist — RU 4868 — has been clinically tested, and in
only a few patients. The therapeutic results have been
encouraging, though side effects prompted prema-
ture discontinuation of the trial (Murphy 1997).
Several GR antagonists are now in development.

In summary, compounds that diminish CRH and/
or cortisol activity indeed seem to have therapeutic
potential in mood disorders, at least in some mood
disorders. Hypercortisolemia is possibly a predictor
of good response. Predictive criteria of a psycho-
pathological nature are not yet known, nor are the
risks of prolonged shortages of cortisol and/or CRH.

These observations support the view that CRH
overdrive might play a role in the pathophysiology of
depression.

Conclusion. Taking all data discussed in this Section
together, it seems likely that overproduction of
stress-hormones in depression is depression-related
rather than stress-related, and that these hormones
might play a role in the pathophysiology of (some
types of) depression.

Interactions of the serotonergic and the stress
hormone systems

The 5-HT system interacts with the various stress
hormones on several levels (Table III). In this
context two intersections are of particular impor-
tance: the impact of cortisol on 5-HT turnover and
on the expression of particular 5-HT receptors.
Initially increased levels of plasma cortisol bring
about a rise in CNS 5-HT murnover by increasing

Table III. CRH/cortisol-5-HT interactions.

5-HT overdrive Sustained CRH/cortisol overdrive

1 CRH release | 5-HT turnover

1 Cortisol release | Activity of 5-HT ergic neurons
| Expression 5-HT 4 receptors
| 5-HT 4 receptor binding

1 5-HT, receptor binding
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tryptophan availability and stimulation of tryptophan
hydroxylase activity (Davis et al. 1995). Sustained
stress or sustained increase of plasma cortisol, how-
ever, is accompanied by diminution of 5-HT turnover
(Weiss et al. 1981) and reduced 5-HT release in all
areas studied, possibly due in part to activation of
liver tryptophan pyrrolase activity by cortisol
and increased shunting of tryptophan into the
kynurenine—nicotinamide pathway (Maes and Melt-
zer 1995). Accordingly, an inverse relation has been
found between plasma corticosterone level and 5-HT
turnover in the CNS (Souza and De Loon 1986),
while in depressives hypercortisolemia and prolactin
response to L-tryptophan were found to be inversely
correlated (Deakin et al. 1990).

The 5-HT;,4 receptor also responds biphasically to
increased cortisol levels, initially with increased and
later with decreased receptor sensitivity (Young et al.
1994; Crayton et al. 1996) and diminished expres-
sion of 5-HT ;s receptor mRNA (Meijer and De
Kloet 1994). In accordance with this observation,
hydrocortisone, in humans, reduces the growth
hormone response to an infusion of L-tryptophan,
a response that probably is mediated via 5-HT ;s
receptors (Porter et al. 1998).

The cortisol and prolactin response to d-fenflur-
amine may be blunted in depression. After a 1-week
treatment with ketoconazole, an inhibitor of cortisol
synthesis, those responses normalized, irrespective
whether the patient did or did not improve (Thakore
and Dinan 1994). Both these observations suggest
that in humans, too, corticosteroids reduce activity
of the 5-HT 5 receptor system.

The 5-HT, receptor, too, responds biphasically to
hypercortisolaemia. Acute increase in plasma corti-
sol leads to its desensitisation (Yamada et al. 1995).
Under conditions of chronic stress, 5-HT, receptor
binding is increased (Fernandes et al. 1997). In
subordinate (i.e. chronically stressed) rats, 5-HT 4
binding throughout the entire hippocampus was
decreased, while 5-HT, binding in layer IV of the
parietal cortex was increased (McKittrick et al.
1995).

In conclusion, then, by sustained increase of
plasma cortisol the turnover of 5-HT, as well as
the responsivity of the 5-HT ;5 receptor system, is
reduced. Animal data indicate upregulation of the
5-HT, system, but the results of human research has
so far been ambiguous.

5-HT and stress hormone disturbances in
depression: Conclusions

In depression, or better, in a subgroup of depression
the 5-HT system may be deranged. The most
prominent disturbances are a trait-related decrease
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in 5-HT metabolism, a likewise trait-related down-
regulation of the 5-H'T'; o receptor system and, possi-
bly, upregulation of the 5-HT, receptor system.

Moreover the CRH/cortisol is hyperactive, caus-
ing or aggravating the disturbances in the 5-HT
system.

Behaviourally these disturbances are associated
with increased anxiety (decreased 5-HT;, receptor
activity; increased 5-HT,c receptor activity; CRH
overdrive) and increased aggression (decreased
5-HT A receptor activity; cortisol overdrive).

Stress, stress hormones, and 5-HT

The central question posed in this study is whether
stress may cause depression. Phrased differently,
whether stress may cause brain dysfunctions suppo-
sedly underlying (certain types of) depression or
certain depressive features. This question can be
answered in the affirmative.

— Stress leads to CRH and cortisol overdrive.
CRH release is in fact the lynchpin of the stress
response. The response to adverse stimuli is a
complex one, encompassing behavioural, endo-
crine, autonomic and immunological compo-
nents. The CRH system is considered to
integrate it all.

The neurosecretory cells of the parvocellular divi-
sion of the PVN produce CRH. Via the projections
of these cells, it is transported to the median
eminence. From the nerve terminals, CRH is
released into the hypothalamo—hypophyseal portal
system. Via these vessels CRH is transported to the
anterior pituitary, where it binds to CRH receptors
on ACTH producing cells (corticotropes). Via a
number of intermediary steps, this leads to increased
production of pro-opiomelanocortin, the precursor
molecule of peptides such as [-endorphin and
ACTH. ACTH is released into the systemic circula-
tion and triggers the release of the glucocorticoid
cortisol (in men and corticosterone in rodents) by
the adrenal cortex (Van Praag et al. 2004).
Activation of CRH producing cells is not limited
to the hypothalamus, but occurs in the extrahy-
pothalamic CRH-mediated systems as well.

— 5-HT metabolism is initially enhanced. Sus-
tained stress, however will lead to diminution of
the 5-HT turnover. The 5-HT;s receptor
system responds biphasically as well: first with
increased, in the longer with decreased sensi-
tivity. The impact of stress duration manifests
itself also in the 5-HT, receptor system. Initi-
ally this receptor is desensitised, with continu-
ing stress 5-HT, receptor binding is enhanced.

These observations were made in animals. In hu-
mans the 5-HT system has been insufficiently
studied in stressed, but non-depressed individuals.

These findings demonstrate that sustained stress
can cause changes in the 5-HT and CRH/cortisol
systems similar to those found in a subtype of
depression, and associated with instability of anxiety
and aggression regulation.

The conclusion that stress may cause depression,
or phrased probably more accurately, may cause
particular depressive features, in particular anxiety
and aggression, seems justified.

This conclusion raises the question what the
clinical ‘weight’ is of these features, i.e. anxiety and
aggression. Are they, psychopathologically speak-
ing, just ‘commoners’, ordinary components of the
depressive syndrome, or, alternatively, key-features,
precursors as well as instigators of the depressive
syndrome, true ‘pacemaker symptoms’ (Van Praag,
2001a,b). This question will be raised in the last
Section.

Can the depression-subtype associated with
5-HT and stress hormone disturbances be
further identified?

A new subtype of depression

In the previous Sections I discussed the disturbances
in the 5-HT and stress hormone systems, that have
been demonstrated in ‘a subtype of depression’, that
does not coincide with one of the depressive
subtypes that are presently distinguished. Can that
subtype be further specified? I think it can, at least in
the mould of a hypothetical construct, that we have
named ‘anxiety/aggression-driven depression’. This,
still hypothetical, construct can be characterized on
several levels (Van Praag 1992b, 1996a,b, 1997,
2001b).

Psychopathological characteristics

Anxiety/aggression-driven depression is heralded not
by mood lowering, but by an increase in anxiety level
and manifestations of enhanced outward directed
aggression, such as irritability, anger outbursts with
little provocation, becoming argumentative, and
others.

Mood lowering is a latecomer, if it occurs at all.
Some episodes remain restricted to disturbed anxi-
ety- and aggression-regulation, in others, after some
time, mood lowering does occur, in which case a
full-fletched depression develops. Aggressivity and
anxiety remain dominant features.

A degree of fearfulness and aggressivity not
seldom persists after remission. Brody et al. (1999)
demonstrated that anger, anger suppression and fear



of anger expressions, if pronounced during a de-
pressive episode, are still demonstrable once the
depression has cleared. Labile anxiety- and aggres-
sion-regulation, thus, seems to be a trait-related,
personality-bound feature.

In this context we introduced the concept of
‘pacemaker symptoms’, defined as disturbances in
psychological control systems — in this case those
responsible for anxiety- and aggression-regulation
— that possess the power to disrupt others, in this
case mood regulation.

Psychiatry has been accustomed placing psycho-
pathological symptoms in a horizontal plane, failing
to ‘verticalize’ symptoms (Van Praag 1997b). Verti-
calizing symptoms means, trying to differentiate
those symptoms that seem to be directly related to
the pathophysiological substrate underlying a parti-
cular psychiatric syndrome, from symptoms only
indirectly related to that substrate.

The concept ‘pacemaker symptoms’ is a particu-
larization of the general concept ‘verticalization of
psychiatric symptoms’ (Van Praag 1997b).

Biological characteristics

A second distinguishing mark of anxiety/aggression-
driven depression is biological in nature. The chance
of demonstrating diminution of 5-HT turnover is
greater in this depression type than in depression
with a different phenotype, and development. No
data are available on possible accumulation of 5-HT
receptor disturbances in this subtype of depression.

As discussed, lowering of 5-HT metabolism is a
trait-related phenomenon linked to disturbances in
the regulation of anxiety and aggression.

No data are as yet available on the state of the
stress hormone system in this depression type.

Personality characteristics

Stress syndromes are phenomenologically heteroge-
neous. This fact is often ignored in stress research,
much to its detriment. In particular research into the
biological underpinnings of behavioural phenomena
requires precise phenomenological description and
differentiation. It seems unlikely that vaguely deli-
neated syndromes will be associated with well-
definable neurobiological disturbances.

Be this as it may, anxiety and (manifest or
suppressed) aggression are among the features pre-
sent in virtually all varieties of stress syndromes. If,
therefore, the regulation of anxiety and aggression is
vulnerable, in some individuals suffering from de-
pression, one would expect them to be stress-prone,
i.e. to react to (certain?) untoward experiences more
readily or more vehemently than individuals in
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whom those regulatory systems function normal.
Phrased differently, patients with anxiety/aggression-
driven depression can be expected to show neurotic
traits. Preliminary and tentative evidence supports
this expectation.

I mention only one confirmatory observation. In a
group of depressed patients with the lowest CSF
5-HIAA concentration, extracted from a cohort of
203 depressed patients, the neurosis score was
significantly higher than in the 25 patients with the
highest CSF 5-HIAA level.

Trearment of anxietylaggression-driven depression

If indeed a subgroup of depression exists, in which
5-HT-related disruption of anxiety- and aggression-
regulation are the driving forces, one would expect
those depressions to respond preferentially to com-
pounds that normalize the regulation of anxiety and
aggression via normalization of the 5-HT-ergic and/or
CRH-HPA systems. It has been hypothesized that
optimal treatment of this depression type would in-
clude the following components (Van Praag 2001Db).

1. Administration, not of one of the usual anti-
depressants, but of a selective, postsynaptic, full
5-HT;5 agonist. Such a compound could
normalize 5-HT 5 receptor mediated transmis-
sion, harmonize anxiety- and aggression-regu-
lation, and ultimately — in second instance
— lead to mood normalization. Preferably this
treatment should start at the stage in which
only anxiety and aggression are dysregulated. In
the depressive phase this intervention might be
too late.

Such compounds are now on their way, so that this
hypothesis can shortly be put to the test (Borsini
et al. 1999). Partial, and not very selective 5-HT |5
receptor agonists of the azapirone group (e.g.,
buspirone and ipsaperone) have been shown to exert
anxiolytic and antidepressive actions in humans
(Deakin, 1993).

2. An antagonist or inverse agonist of 5-HT,a
and/or 5-HT, receptors might be considered.
In humans, hyperresponsivity of this receptor
system has not been convincingly demon-
strated, but animal experiments indicate that
this type of compound might exert anxioly-
tic and antidepressant effects (Sibille 1997;
Yamada and Sugimoto 2001).

3. A 5-HT ;A agonist should be combined with a
cortisol or CRH antagonist to remove the break
on 5-HT (1A) receptor functioning, and to
counteract the anxiogenic and depressogenic
effects of CRH.
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Compounds of that nature are presently being stu-
died (Wolkowitz et al. 1999b), and thus it will be
possible to evaluate this hypothesis too, in due time.

4. Psychological intervention methods should be
employed to boost ego strength, improve cop-
ing abilities and unlearn inadequate adaptive
reaction patterns.

5. Prophylactically a combination of pharacother-
apy, with a 5-HT; agonist and/or cortisol or
CRH antagonist, in combination with contin-
ued psychological treatment is indicated.

Conclusion

As was discussed previously, stress in all likelihood
may cause depression. In this Section the question
was raised whether a depression type can be
identified that is particularly stress-inducible. The
new construct ‘anxiety/aggression-driven depres-
sion’ satisfies this criterion. It is defined as a 5-HT-
related depression, based on a primary dysfunction
of anxiety and aggression regulation and stress-
inducible per excellence. Stress-inducibility is
caused by two factors: vulnerabilities in personality
structure, and persistent disturbances in the 5-HT
system, leading to vulnerabilities in anxiety- and
aggression-regulation.

An adventitious, but still purely speculative factor
could be that in the group of anxiety/aggression-
driven depression individuals accumulate who are
homozygous or heterozygous for the short allele
version of the gene coding for the 5-HT transporter,
the protein that removes 5-HT form the synaptic
cleft back into the nerve ending. Caspi et al. (2003)
recently demonstrated that short allele individuals
respond to stressors more readily with depression
than their long allele counterparts: they are in other
words stress-susceptible.

Is anxiety/aggression-driven depression the only or
major form of stress-inducible depression? It is not
known. Further studies should clarify this matter.

The strength of the construct anxiety/aggression-
driven depression in diagnostic terms, lies in the fact
that it is not merely a combination diagnosis, bring-
ing anxiety and aggression on the one hand, and
depression on the other, together in a purely
descriptive and horizontal way. It postulates a causal,
or vertical relationship between dysfunctioning psy-
chic domains: disturbances in anxiety- and aggres-
sion-regulation are considered primary, leading in
some cases, secondarily, to disturbances in mood
regulation. Furthermore, it relates those psychic
dysfunctions to unassimilated psychotraumatic
events, and proposes a biological interface between
precipitating psychological factors and ensuing psy-
chopathological consequences.

This type of hypothesis — cascade hypothesis, that
is to say, hypotheses proposing causal relationships
between psychological events, resulting brain dys-
functions and ultimately psychopathological states —
is clearly needed to advance human brain and
behaviour research.
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LECTURE

Some biological correlates of drug resistance in schizophrenia:
A multidimensional approach
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Abstract

Drug resistance in schizophrenic disorders treated with an antipsychotic medication is highly problematic, lacking sound
criteria to define it, and to discriminate between drug response and clinical remission. This article reviews some
neurochemical, psychoimmunological, pharmacogenetic and neuromorphological patterns which can affect drug response
and determine drug-resistance phenomena in schizophrenia. Several neurochemical abnormalities have been reported to be
relevant for the pathogenesis of schizophrenic disorders and have been related to clinical symptoms as well as to the quality
of response to antipsychotics: most of the findings come from studies on DA and 5HT brain metabolism, but more recently
other non-dopaminergic pathways have been implicated (e.g., glutamatergic ones). Literature data suggest that
schizophrenia may be associated with significant alterations of T-cell functions, showing the activation of the inflammatory
response system (IRS), particularly in treatment-resistant schizophrenia, and differential effects on IRS have been reported
for conventional and atypical antipsychotics. Furthermore molecular genetic approaches provide a novel method of
dissecting the heterogeneity of psychotropic drug response, providing the means of determining the molecular substrates of
drug efficacy and drug-induced adverse events. On the other hand, functional neuroimaging techniques, including single
photon emission computed tomography (SPECT), positron emission tomography (PET) and functional magnetic
resonance imaging (FMRI), providing an i vivo assessment of the expression and function of neuroreceptors, transporters
and enzymes, seem to be particularly promising for a better understanding of ‘real’ drug resistance. Finally, a
multidimensional approach taking into account all these variables in the future would likely be the more valuable strategy
to optimise response, reducing relapses or resistant clinical situations.

Key words: Schizophrenia, antipsychotic treatment, drug-resistance, pharmacogenetics

Introduction considered in order to assess the type, degree and
possible causal determinants of drug resistance in
schizophrenia.

Firstly it is necessary to make a distinction
between full versus partial drug response in schizo-

phrenic patients receiving an antipsychotic treat-

Defining treatment resistance among patients suffer-
ing from schizophrenia is highly problematic since
most of them experience persistent morbidity over
the course of their illness and full remissions are
infrequent (Sheitman and Lieberman 1998). There

is no univocal definition of drug resistance (Pantelis
and Lambert 2003): the most stringent definition of
treatment resistance in schizophrenia has been
developed by Kane et al. (1988), it defines refrac-
toriness as persisting positive psychotic symptoms
despite at least three treatment periods with neuro-
leptic drugs (from at least two chemical classes) of at
least 6 weeks within the last 5 years at doses
equivalent to 1,000 mg/day of chlorpromazine.

In general, from a clinical perspective, there are
some other aspects which deserve to be carefully

ment.

Full response is usually defined as at least 40% of
amelioration of the basal total score on psychiatric
rating scales such as the Brief Psychiatric Rating
Scale (BPRS) or Positive and Negative Symptoms
Scale (PANSS) (Breier et al. 1994).

On the other hand, partial response is a very usual
phenomenon and is defined as persistent symptoms
while previously taking therapeutic doses of an
antipsychotic: Emsley et al. (2000) suggested con-
sidering partial response as a total score of at least 15
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on PANSS, with a score for one or more of items like
delusions, conceptual disorganization, hallucinatory
behaviour, suspiciousness/persecution, and a score
>3 on CGI ‘severity of illness’.

However, full response does not mean remission
of symptoms and it appears to be a more complex
criterion (as for mood and anxiety disorders).

Traditionally, remission criteria in non-psychiatric
disorders have been characterized by the disappear-
ance of symptoms. In the case of chronic and
progressive illnesses with psychiatric and non-psy-
chiatric components, consensus of remission as an
absence of symptoms has not been achieved. To
date, remission in mental disorders (such as anxiety)
has been defined not by the complete absence of
anxious or depressive symptoms, but rather by
minimal symptoms with mild disability (Doyle and
Pollack 2003). While the symptoms of many anxiety
and depressive disorders co-exist with normal life
experience, the commonly recognized symptoms of
schizophrenia (e.g., delusions or hallucinations) lie
outside this experience. This observation may be
confounding when defining ‘remission’ in major
psychoses (Andreasen et al. 2005).

In schizophrenia, the cycle of relapse produces
incomplete or unsustained symptom remission in
many patients: this may subsequently lead to chronic
illness characterized by substantial morbidity and
persistent deficits in cognition and psychosocial
function, referred often as ‘refractory’ schizophrenia
(Lieberman et al. 2001).

Recently, Practice Guidelines developed by the
American Psychiatric Association recognized a
three-phase model of schizophrenia disease course,
in which phases ‘merge into one another without
absolute, clear boundaries between them’ (APA
1997). In this model, the ‘acute phase’, character-
ized by florid psychosis and severe positive and/or
negative symptoms, is followed by a ‘stabilization
phase’, during which symptoms ameliorate and
become less severe, and a following ‘stable phase’,
characterized by reduced symptoms severity and
relative clinical stability. According to APA Guide-
lines, ‘the majority of patients alternate between
acute psychotic episodes and stable phases with full
or partial remission’ (APA 1997); however, the
operational criteria for remission remain undefined.

Another important aspect which may be consid-
ered is the quality of the response. In this perspec-
tive, a ‘dimensionalistic’ approach could be useful,
even when defining drug response, since a different
role for specific psychopathological dimensions in
determining the efficacy of pharmacological treat-
ments could be hypothesized. Three dimensions
have been identified using statistical techniques of
factor analysis. The first, the negative symptom

dimension, includes poverty of speech, decreased
spontaneous movement, unchanging facial expres-
sion, paucity of expressive gesture, affective non-
response, and lack of vocal inflection. The second,
the disorganization dimension, includes symptoms
of inappropriate affect, poverty of content of speech,
tangentiality, derailment, pressure of speech, and
distractibility. The third, the psychoticism dimen-
sion, includes hallucinations and delusional ideas.
The validity of these dimensions has been supported
by studies demonstrating relationship with neurop-
sychological, clinical outcome, and neuroimaging
patterns (Bilder et al. 1985; Liddle et al. 1992;
Arndt et al. 1995; Andreasen and Olsen 1982).
However, it is important to ascertain whether the
poor or non-response is related to all these dimen-
sions or only to one of them.

Finally, the difference between ‘real’ and ‘pseudo’
drug resistance needs to be considered. In general,
heterogeneity of schizophrenia in terms of clinical
history (age of onset, duration of illness, familial
versus non-familial forms, etc.), symptoms (e.g.,
positive versus negative ones), and some biological
factors, are responsible for the ‘real’ resistance. On
the other hand, the ‘pseudo’ or ‘apparent’ drug
resistance phenomena are not due to the lack of a
pharmacodynamic action of the compound, but are
influenced by other clinical and pharmacological
variables, such as incorrect diagnosis, concomitant
organic disorders, inadequate dosage or duration of
pharmacological treatment or poor compliance
(Altamura 1990; 1992).

This review focuses on some neurochemical,
psychoimmunological, pharmacogenetic and neuro-
morphological patterns which can influence drug
response and contribute or determine drug resis-
tance phenomena in schizophrenia.

Neurochemical factors

Neurochemical abnormalities in schizophrenic
patients have been implicated in the pathogenesis
and clinical symptoms, as well as in response to
antipsychotic treatment. Most of the findings from
studies on neurochemical factors concern DA and
5HT brain metabolism. In particular, plasma and
CSF levels of monoamine precursors and/or meta-
bolites have been used as a peripheral measure of
central dopaminergic and serotonergic activity.

A relationship of plasma free homovanillic acid
(pHVA) to treatment response in schizophrenia has
been reported (Bowers et al. 1984; Mazure et al.
1991; Garver et al. 2000; Kim et al. 2000): all these
studies demonstrated that elevated pre-treatment
pHVA was significantly associated with good treat-
ment response, and that treatment with conventional
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antipsychotics appeared to be correlated with a
lowering of pHVA levels.

Szymanski et al. (1993) measured DA and 5-HT
plasma and CSF metabolites and the relationship of
these values to clinical response to clozapine in 19
neuroleptic refractory and intolerant schizophrenic
patients. Only few changes in the CSF and plasma
homovanillic acid (HVA) and 5-hydroxyindoleacetic
acid (5-HIAA) levels were found. However, the pre-
treatment CSF HVA/5-HIAA ratio and, to a lesser
extent, the CSF HVA level predicted treatment
response. These findings were replicated in some
subsequent studies (Kahn et al. 1993; Lieberman
et al. 1994; Wieselgren and Lindstrom 1998).

Another study, focused on the efficacy and me-
chanisms of risperidone towards positive symptoms
in the acute phase of schizophrenia, found that
higher levels of plasma HVA before risperidone
administration seem to be predictive of a good
response to the antipsychotic (Yoshimura et al.
2003). In a recent study, Van der Heijden et al.
(2004) investigated the effect of atypical antipsycho-
tics (olanzapine, sertindole, and quetiapine) on
monoaminergic metabolites (5-HT, HVA, 5-HIAA,
and HVA/5-HIAA ratio) in 66 schizophrenic
patients and 73 healthy controls. The AA found
that 5-HT plasma and platelet concentration was
significantly lower in schizophrenic patients with
poor response to atypical antipsychotics, and in-
creased significantly during treatment, whereas no
differences in plasma HVA, 5-HIAA, and their
ratios, were observed between controls and response
group. On the other hand, olanzapine appeared to
increase HVA concentrations and the HVA/5-hydro-
xyindolacetic acid (5-HIAA) ratio in CSF of schizo-
phrenic patients, but these changes were unrelated
to its clinical efficacy (Scheepers et al. 2001).

A disturbance in glutamatergic neurotransmission
has been hypothesized in schizophrenia, particularly
influencing treatment response of negative symp-
toms. The beneficial effects of pharmacological
treatment on these ‘nuclear’ schizophrenic symp-
toms may be related to adaptive changes taking place
in these pathways (Tascedda et al. 2001). Although
currently used antipsychotics do not interact with
glutamatergic receptors, previous studies have de-
monstrated that the expression profile of ionotropic
glutamate receptors can be regulated by drugs such
as haloperidol or clozapine. The mRNA levels for
NMDA and AMPA receptor subunits were mea-
sured after chronic treatment with quetiapine and
compared to haloperidol and clozapine treatment
(Tascedda et al. 1999). Similarly to clozapine,
quetiapine reduced mRNA expression for NMDA
subunits in the nucleus accumbens. Furthermore
quetiapine, but not haloperidol or clozapine, in-

creased the hippocampal expression for specific
AMPA subunits, suggesting that the differences
between typical and atypical antipsychotics may be
relevant for their therapeutic activity and could
provide information for the role of glutamate on
specific schizophrenic symptoms. Moreover, in pre-
clinical studies, chronic but not acute exposure to
olanzapine up-regulated hippocampal mRNA levels
for AMPA subunits (Tascedda et al. 2001). This
effect could be relevant for the improvement
of schizophrenic symptoms which are thought to
depend on dysfunctioning of glutamatergic trans-
mission.

In the above-mentioned study from Van der
Heijden et al. (2004), the effect of atypical anti-
psychotics was examined also in relation to gluta-
matergic neurotransmission, showing that treatment
with these compounds coincided with a significant
enhancement of glutamatergic neurotransmission.

Psychoimmunological factors

Some evidence seems to show that the neu-
roimmune—endocrine cross-talk may be impaired
in schizophrenia (Altamura et al. 1999; Boin et al.
2001). In particular, schizophrenia has been asso-
ciated with several immunological changes, includ-
ing decreased mitogen-induced lymphocyte
proliferation (Chengappa et al. 1995), altered num-
bers of total T-cells and T-helper cells (Muller et al.
1993), the presence of antibrain antibodies in serum
(Henneberg et al. 1994), and changes in cytokines
and cytokine receptors in the blood and the cere-
brospinal fluid (CSF) (Licinio et al. 1993; Ganguli
et al. 1994, 1995; Rapaport et al. 1994, 1997; Maes
et al. 1995, 1997, 2000, 2002; Lin et al. 1998;
Arolt et al. 2000; Zhang et al. 2002a, 2002b). All
these data suggest that schizophrenia may be asso-
ciated with significant immunological alterations in
parallel with impaired T-cell functions, showing the
activation of the inflammatory response system
(IRS), particularly in treatment-resistant schizophre-
nia (Lin et al. 1998; Maes et al. 2000, 2002).
Other evidence supported the hypothesis that in
schizophrenia a dysfunction of the HPA axis could
be present (Walker and Diforio 1997; Marx and
Lieberman 1998). In fact, dexamethasone suppres-
sion test (DST) non-suppression, due to the lack of
glucocorticoid secretion feedback mechanisms, oc-
curs frequently in schizophrenia, with percentages
varying between 11 and 55% (Sharma et al. 1988;
Altamura et al. 1989; Yeragani 1990; Coryell and
Tsuang 1992). Moreover, other studies showed that
basal cortisol levels were significantly higher in
schizophrenic patients than in normal controls
(Altamura et al., 1989; Lammers et al. 1995; Walker
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and Diforio 1997), although these findings are not
univocally observed in schizophrenia (Jansen et al.
1998; Kaneda et al. 2002). Interestingly, previous
studies indicate a relationship between HPA activity
and symptomatology in schizophrenia. In some of
them cortisol secretion was associated with more
severe positive symptoms (Kaneko et al. 1992;
Walder et al. 2000), whereas in others it was
associated with higher ratings of negative symptoms
(Newcomer et al. 1991; Tandon et al. 1991).
Moreover, an association of DST non-suppression
with negative symptoms in schizophrenia has been
reported (Altamura et al. 1989; Newcomer et al.
1991; Tandon et al. 1991). These results suggest
that HPA axis dysregulation/activation and hyper-
cortisolemia are frequent abnormalities detected in a
large proportion of schizophrenic patients and can
influence drug response.

Cerebral atrophy and enlarged ventricles have
been suggested as the structural changes underlying
negative symptoms and poor response to neuroleptic
treatment. Furthermore, a higher percentage of
non-suppressors to the DST and of ventricular
enlargement among negative schizophrenics has
been described (Mauri et al. 1994).

Recently, it has been shown that HPA axis
activation is elicited by exogenous cytokines, such
as IL-1 or IL-6, when administered to rodents
(Wang and Dunn 1999): on the other hand, several
cytokines are also known to affect the release of
anterior pituitary hormones by an action on the
hypothalamus and/or the pituitary glands (Bumiller
et al. 1999).

With respect to treatment response, few studies
were performed with the aim to identify a relation-
ship between antipsychotic response and immune
system in schizophrenic patients. Maes et al. (2002)
examined whether treatment-resistant schizophrenia
is accompanied by some immune alterations and the
effects of atypical antipsychotics on the above
immune variables. Prolonged treatment with atypi-
cal antipsychotics may increase the anti-inflamma-
tory capacity of the serum in schizophrenic patients
by increasing serum leukaemia inhibitory factor
receptor (LIF-R) concentrations, and short-term
treatment with clozapine may induce signs of
immune activation which disappear in the long-
term treatment.

Lin et al. (1998) examined serum CCI16 in
relation to IL-6, IL-6R and gpl30 (the IL-6
transducing signal protein) in schizophrenia and in
treatment-resistant schizophrenia. Serum IL-6 and
IL-6R were significantly higher in medicated schizo-
phrenic patients than in normal controls. Serum IL-
6 was significantly higher in resistant schizophrenia
than in normal volunteers, whereas schizophrenic

patients without drug resistance showed intermedi-
ate values. There was a significant inverse relation-
ship between serum CC16 and serum IL-6 or IL.-6R
in schizophrenic patients but not in normal controls.
These results suggest that inflammatory response in
schizophrenia may be causally related to lower
serum CCI16 and that the latter may be a trait
marker for schizophrenia.

In another study Maes et al. (2000) found that
serum I1.-6 was significantly higher in schizophrenic
patients, irrespective of their response to neurolep-
tics. Moreover the serum concentration of CC16
was found to be significantly lower after 4 months
treatment with atypical antipsychotics. These data
suggest that schizophrenia, and in particular treat-
ment-resistant schizophrenia, is characterized by an
activation of the monocytic arm of cell-mediated
immunity, and that atypical compounds may
decrease the anti-inflammatory capacity of the
serum in resistant patients.

Pharmacogenetics

Molecular genetic approaches provide a novel
method of dissecting the heterogeneity of psycho-
tropic drug response. These pharmacogenetic stra-
tegies offer the prospect of identifying biological
predictors of psychotropic drug response and could
provide the means of determining the molecular
substrates of drug efficacy and drug-induced adverse
events (Malhotra et al. 2004). The pharmacokinetics
of antipsychotics has been focused mainly on the
association between genetic polymorphisms in CYP
genes, including CYP2D6, and the metabolism of
these drugs. No relationship between CYP2D6
genotype or activity and therapeutic effects of
‘classical’ antipsychotic drugs has been found in
the few studies performed. For the newer antipsy-
chotics, such data are lacking. To date, CYP2D6
phenotyping and genotyping appear, therefore, to be
clinically useful for dose predicting only in special
cases and for a limited number of antipsychotics,
while their usefulness in predicting clinical effects
must be further explored (Scordo and Spina 2002).

Genetic variation in clozapine’s receptor targets is
a potential source of pharmacodynamic influence on
drug response, by altering drug action. Polymorph-
isms in two genes, for 5-HT2A and D3, have been
implicated in several studies, even if there is general
lack of large, powerful prospective studies using
multiple measures of response. In a meta-analysis
by Arranz et al. (1998), including 373 patients who
responded to clozapine treatment, and 360 non-
responder patients, an association between two 5-
HT2A polymorphisms (102/TC and His452Tyr)
and clozapine response has been found.
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A recent study (Mundo et al. 2004) investigated
the role of the chemokine MCP-1 in the pathogen-
esis of schizophrenia, and in the resistance to
antipsychotic treatment. The aim of this case—
control study was to investigate the potential role
of MCP-1 gene (SCYA2) (A-2518G polymorphism)
in conferring susceptibility to schizophrenia and to
the resistance to antipsychotic treatment. The sam-
ple studied consisted of 191 DSM-IV schizophrenia
or schizoaffective disorder (depressive subtype)
patients and 161 matched healthy controls. No
significant genotypic (y*>=0.278, df =2, P=0.986)
or allelic ()(2 =0.021, df =1, P=0.884) association
was found between the A-2518G variant of the
SCYA2 gene and the diagnosis. No differences in
the age at onset of schizophrenia were found
between the three genotype groups identified.

Significant genotypic association was found be-
tween the A-2518G variant of the SCYA2 and the
resistance to antipsychotic treatment (y°=6.26,
df =2, P=0.04), with resistant patients more fre-
quently carrying the G allele. The odds ratio
associated to the presence of the G allele was 2.39
(95% C.I. =1.14-4.98).

These data suggest that the A-2518G variant of
the SCYA2 does not have a major role in the
pathogenesis of schizophrenia, while it could be
implicated in the resistance to antipsychotic treat-
ment.

Neuroimaging

Functional neuroimaging techniques, including sin-
gle photon emission computerised tomography
(SPECT), positron emission tomography (PET)
and functional magnetic resonance imaging
(FMRI), can provide a direct iz vivo assessment of
the expression and function of neuroreceptors,
transporters, and enzymes. Molecular imaging and
the application of these techniques may increase
insight into relationship between central neurore-
ceptor occupancy, psychotropic drug blood levels
and clinical effects, and in the future is likely to play
a valuable role in the acceleration of drug develop-
ment for schizophrenia and other CNS disorders
(Laruelle and Abi-Dargham 2003).

It has been reported that the response to clozapine
may be associated with prefrontal and temporal
anatomy, as well as with prefrontal, basal ganglia
and thalamic metabolism. Improvement in positive
symptoms with clozapine was directly related to
temporal-gray matter volume. Improvement in dis-
organization symptoms was inversely related to
intracranial and hippocampal volume. Patients with
high baseline dorsolateral-prefrontal volume and
metabolic activity were more likely to experience

improvement in negative symptoms (Molina et al.
2003).

PET has been used in several studies to explore
the relationship between central neuroreceptor
occupancy, psychotropic drug blood levels, clinical
response and side effects (e.g., EPS and hyperpro-
lactinemia) in antipsychotic treatment. In a double-
blind study, 22 patients with first episode schizo-
phrenia were randomly assigned to 1 or 2.5 mg/day
of haloperidol. After 2 weeks of treatment, they
underwent PET and D2 receptor occupancy, EPS
and prolactin levels were measured. Patients who
showed adequate responses continued the initial
therapy, non-responders had their doses increased
to 5mg/day and evaluations were repeated at 4
weeks for all patients. The patients showed a range
of D2 occupancy of 38-87%. The degree of
receptor occupancy predicted clinical improvement,
hyperprolactinemia, and EPS. The likelihood of
clinical response, hyperproactinemia, and EPS in-
creased significantly as D2 occupancy exceeded 65,
72 and 78%, respectively, suggesting that D2
occupancy is an important mediator of response
and side effects in antipsychotic treatment (Kapur
et al. 2000) and explaining many of the observed
clinical differences between typical and atypical
antipsychotics.

Conclusions

Firstly, the definition of drug resistance is quite
complex for psychiatric disorders, and particularly
for schizophrenia; actually, we lack sound criteria to
define poor versus full response and remission
(Andreasen et al. 2005).

In the case of drug resistance it is of paramount
importance to discriminate between ‘pseudo’ and
real drug-resistance. The former is due to clinical
variables (incorrect diagnosis, concomitant organic
disorders, type of symptoms, side effects, etc.) and
pharmacological ones (inadequate dosage and/or
insufficient duration of treatment, use of ‘depresso-
genic’ drugs, poor compliance, etc). Moreover
pharmacokinetic variables, leading to poor bioavail-
ability and metabolic abnormalities, can contribute
to drug response interindividual variability (Alta-
mura et al. 1990; Altamura 1992).

Concerning ‘real’ drug resistance, the findings of
biological markers of treatment resistance in schizo-
phrenia and related disorders have indicated that
some neurochemical findings (in particular dysfunc-
tion of dopaminergic, serotonergic and glutamater-
gic brain pathways) have been associated with
variability in drug response, including drug resis-
tance for typical and atypical compounds (Van der
Heijden et al. 2004).
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Moreover, drug resistance seems likely to be
associated to IRS and HPA axis dysregulation, which
could in turn be influenced by treatment with
neuroleptics or atypical antipsychotics (Altamura
et al. 1999): accordingly, CK gene polymorphisms
have been associated with lack of treatment response
(e.g., MCP-1). Other genetic studies proposed some
D3 and 5-HT2A polymorphisms in conferring
susceptibility to resistance to antipsychotic treat-
ment (Arranz et al. 1998).

In general, some of these aspects, e.g., neuro-
chemical and psychoimmunological, can at least
partially contribute to explain differences in the
clinical response to typical and atypical antipsychotic
compounds: as for instance in the case of the effect
of atypical antipsychotics (in comparison to neuro-
leptics) on glutamatergic pathways, which can ex-
plain their specificity for symptoms, especially
negative ones (Tascedda et al. 2001).

Finally, PET studies could contribute to a better
understanding of the mechanisms of drug response
to antipsychotics being possibly related to specific
brain region volume abnormalities (Laruelle and
Abi-Dargham 2003; Molina et al. 2003). All these
data do not allow us to be overoptimistic in the short
term, but encourage us to continue to improve in
our understanding of these important biological
aspects which determine drug response in schizo-
phrenia.

In conclusion, a multidimensional approach, tak-
ing into account all these variables in the near future,
would likely be the more valuable strategy to
optimize response, reducing relapses or frankly
refractory clinical situations. Thus an ‘ideal’ treat-
ment for schizophrenia could be tailored for a
patient on the basis of his individual biological
‘profile’: a more rational treatment would therefore
be implemented with relevant impact on patient
suffering and social costs.
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Abstract

Efficacy studies suggest that all kinds of treatment have similar efficacy. For instance, according to a meta-analysis from 102
randomised controlled trials in major depression, there is no overall difference in efficacy between SSRIs and TCAs. Taking
into consideration the pathophysiological heterogeneity of affective disorders involving a number of neurotransmitters, the
different pharmacodynamic profiles of the antidepressant compounds, and the large variety of presentations of depressive
illness, it is very simplistic to suppose that all classes of antidepressants are equally effective. Meanwhile, the development of
antidepressants with different mechanisms of action provides the opportunity to evaluate whether certain relevant subtypes
of depressed patients, based on specific patterns of symptoms, respond preferentially to one class of antidepressants
compared with another. The aim of this paper is to review the relationship between the depressive subtypes included in the
DSM-IV (melancholic depression, atypical depression, bipolar depression, psychotic bipolar and dysthymia) and the

efficacy of antidepressant treatment.

Key words: Efficacy, antidepressants, melancholia, atypical depression, bipolar depression

Introduction

Successful antidepressant treatment is one of the most
effective ways to reduce disability, prevent morbidity,
and improve quality of life in depressed patients.
Since Roland Kuhn introduced imipramine and
Nathan Kline iproniazid in the 1950s, the availability
of antidepressant compounds has expanded greatly,
not only in terms of number but also in terms of
diversity of pharmacological effects. In the late 1980s,
the introduction of new antidepressants, with differ-
ent mechanisms of action, has had a revolutionary
impact on the treatment of depressive illness. This
group comprise selective serotonin reuptake inhibi-
tors, serotonin and noradrenaline reuptake inhibitors,
reversible monoamine oxidase inhibitors, 5-HT2
antagonists, o,-antagonists and noradrenaline reup-
take inhibitors. Moreover, in the not-so-distant future
we will also have new compounds developed, based
on other mechanisms of action that extend beyond the
monoamines, which offer promising perspectives as
melatonin receptor agonists and corticotropin-releas-
ing factor antagonists.

When treating depressive patients we have to
decide which antidepressant to prescribe. However,
despite the wide range of compounds with different

pharmacodynamic profiles, efficacy studies suggest
that all kinds of treatment have similar efficacy. For
instance, according to a meta-analysis (Anderson
2000) from 102 randomised controlled trials in
major depression patients, there is no overall differ-
ence in efficacy between SSRIs and TCAs. More-
over, after 16 weeks of treatment, aerobic exercise
was equally effective as sertraline in reducing depres-
sion among patients with major depression disorder
(Blumenthal et al. 1999), and a comparison of St
John’s wort (Hypericum perforatum) to imipramine in
a randomised controlled trial shows that both treat-
ments are therapeutically equivalent in treating mild
to moderate depression (Woelk 2000). How can this
amazing fact be explained? Taking into consideration
the pathophysiological heterogeneity of affective
disorders involving a number of neurotransmitters
(NA, 5-HT, acetylcholine, dopamine, GABA, CRH,
CCK), the different pharmacodynamic profiles of
the antidepressant compounds, and the large variety
of presentations of depressive illness, it is very
simplistic to suppose that all classes of antidepres-
sants are equally effective.

Meanwhile, the development of antidepressants
with different mechanisms of action provides the
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opportunity to evaluate whether certain relevant
subtypes of depressed patients based on specific
patterns of symptoms respond preferentially to one
class of antidepressants compared with another. The
aim of this paper is to review the relationship
between the depressive subtypes included in the
DSM-IV (melancholic depression, atypical depres-
sion, bipolar depression, psychotic bipolar and
dysthymia) and the efficacy of antidepressant treat-
ment.

Melancholic depression

Which antidepressant compound is more effective in
melancholic depression?

The available evidence demonstrates less efficacy of
SSRIs in melancholic depressed patients compared
with the conventional heterocyclics. In one trial
carried out by the Danish University Antidepres-
sants Group (1986), with 114 patients with endo-
genous depression, the rates of positive response
obtained with clomipramine (150 mg/day) were
significantly superior to those reached by citalopram
(40 mg/day). After 5 weeks of treatment, clinical
remission (HAMD17 <7) was more likely in clomi-
pramine-treated patients (62%) than in citalopram-
treated patients (34%). The same research team
(DUAG 1990) carried out another comparative
study between paroxetine and clomipramine.
Using identical protocol as in the initial study, 120
inpatients were randomized to either a fixed
dose of clomipramine (150 mg/day) or paroxetine
(30 mg/day) for 6 weeks. A complete remission
(HAMD17 <7) was more likely in clomipramine-
treated patients (56%) than in the paroxetine group
(25%).

Tignol et al. (1992) performed a meta-analysis of
the manufacturer’s database involving paroxetine
treatment of melacholic depressions. The analysis
included 178 patients treated with paroxetine and 66
patients treated with placebo. The paroxetine re-
sponse data were remarkable consistent with the two
DUAG studies. Only 31% of the paroxetine patients
and 15% of the placebo had a final HAMD score of
—10.

Roose et al. (1994) retrospectively contrasted
the treatment responses of the TCA nortrtiptyline
(1 mg/kg per day) and fluoxetine (20—60 mg/day) in
a group of 45 depressed melancholic geriatric
inpatients treated for 7 weeks. As in the previous
studies, the findings favoured the TCA over the
SSRI: 63% of the nortriptyline group and only 8% of
the fluoxetine group had a final HAMD score of —8.

Among the new antidepressant compounds, ven-
lafaxine has received much of the attention in the

treatment of melancholic patients. Three double-
blind studies support the superiority of venlafaxine
over fluoxetine. Clerc et al. (1994) randomized 67
melancholic inpatients to either venlafaxine (200 mg/
day) or fluoxetine (40 mg/day). A response, defined
as a 50% decrease in HAMD total score, was found
in 73% of patients treated with venlafaxine versus a
50% response rate for patients in the fluoxetine
group. Thase et al. (2001) reported a response rate
(HAMD <7) of 55% for venlafaxine and only 26%
for fluoxetine, and Tzanakaki (2000) conducted a
controlled trial in which venafaxine (225 mg/day)
was compared to fluoxetine (60 mg/day) in 93
melancholic inpatients, finding that a CGI improve-
ment score of 1 was observed in 51% of patients with
venlafaxine and 32% with fluoxetine. On the other
hand, Benkert (1996) has demonstrated that venla-
faxine has equal efficacy to imipramine in a 6-week
multicentre study with melancholic patients.

Regarding milnacipran, an antidepressant selected
for its equipotent inhibition of noradrenaline and
serotonin uptake, Von Frenckell et al. (1990) com-
pared this compound (200 mg/day) with amitripty-
line (150 mg/day) in randomized groups of major
depressive inpatients with endogenous depression,
and found similar improvement with both drugs
after 4 weeks of treatment.

The antidepressant efficacy of mirtazapine, an
o,-antagonist, in melancholic patients was assessed
by Guelfi et al. (2001) in a multicentre, double-
blind, 8-week study, comparing the antidepressant
action of mirtazapine (15-60 mg/day) with venla-
faxine (75-375 mg/day). No statistically significant
differences, at all assessment times, were found
among both medications.

There is a lack of information on the efficacy, in
melancholia, of duloxetine, another inhibitor of
noradrenaline and serotonin uptake, and reboxetine,
a selective inhibitor of noradrenaline uptake.

Regarding electroconvulsive therapy, melancholic
features are a predictor of a good response (Carney
and Sheffield 1972; Abou-Saleh and Coppen 1983;
Parker et al. 2001).

With respect to psychotherapy, Thase and Fried-
man (1999) have reviewed the available research on
the treatment of melancholia with psychotherapy,
e.g., cognitive behavior therapy (CBT) and inter-
personal psychotherapy (IPT), concluding that,
although some melancholic patients are responsive
to IPT or CBT, there is not as yet compelling
evidence that melancholic patients respond to psy-
chotherapy as well as they do to medications

In summary, taking together all data, tricyclic
antidepressants are more effective than SSRI, and
new dual-action antidepressants are also more effec-
tive than SSRI in the treatment of major depression
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with melancholic features. ECT is also an alternative
treatment for melancholic depression.

Atypical depression

Atypical depression, has been included in the DSM-
IV as an episode specifier of major depressive
episodes and dysthymia, that has high population
prevalence. The disorder is primarily characterized
by two or more of the following symptoms: over-
eating, oversleeping, ‘leaden paralysis’, and sensitiv-
ity to interpersonal rejection.

There are supporting data for the diagnostic
validity of atypical depression in the criteria of
clinical description and differential treatment re-
sponse, with atypical depression having a superior
response to monoamine oxidase (MAQO) inhibitors
compared to tricyclic antidepressants. The evidence
on the superiority of phenelzine, an MAO inhibitor,
appears to be overwhelming. Data from six trials,
performed by investigators from Columbia Univer-
sity (Quitkin et al. 1993), all showed phenelzine to
be significantly superior to imipramine. These data,
which included results from 269 patients, show that
72% of patients responded to phenelzine, whereas
the response rate in the imipramine group was 44%,
supporting that the presence of associated atypical
features confers selective responsivity to MAOI
therapy.

Moclobemide, a reversible inhibitor of mono-
amine oxidase type A, has also be used in atypical
depression, but its efficacy has not been sufficiently
established. Two double-blind controlled studies
comparing moclobemide and diazepam in atypical
depression (Schweitzer et al. 1989; Tiller et al.
1989) found that significant decreases in depression
ratings occurred in both groups, but there was no
significant difference between the two drugs in
depression scores. On the other hand, two compar-
isons of moclobemide with sertraline in depressives
with atypical features offer different results: while
Lonngyist et al. (1994) found significant differences
in MADRS and GCI scores in favour of moclobe-
mide, in another trial Sogaard et al. (1999) found
that mean changes from baseline to last visit for
HAMD and Clinical Global Impression were greater
for sertraline than moclobemide. In other compar-
ison (Larsen et al. 1991), moclobemide (300 mg/
day) was less effective at 6-week end-point than
either isocarboxacide (30 mg/day) and clomipramine
(150 mg/day).

In despite of earlier data that SSRIs might be
the treatment of choice, fluoxetine in a placebo-
controlled comparison with imipramine (McGrath
et al. 2000) appears to be no better. Both treatments
were significantly superior than placebo, but the two

medications did not differ from each other in
effectiveness. However, in a 6-week, double-blind
study (Pande et al. 1996), that compared the relative
efficacy of fluoxetine and phenelzine in 42 patients
with atypical depression, the rates of treatment
response did not differ between groups.

Davidson et al. (2003) have reported that chro-
mium picolinate benefits patients with symptoms of
atypical depression. In a placebo-controlled, 8-week
pilot study with 15 patients with DSM-IV major
depressive disorder, atypical type, seven (70%)
patients receiving chromium (600 pg/day) and no
(0%) of patients on placebo met responder criteria
(P=0.02).These preliminary results need further
research to assess its utility in the treatment of
atypical depression.

Unfortunately, there is a lack of studies comparing
MAOIs to the new generation of antidepressants,
including the dual action compounds (venlafaxine,
milnacipran, mirtazapine).

Regarding psychotherapy, Jarrett et al. (1999)
have performed a 10-week, double-blind, controlled
trial, comparing cognitive therapy or clinical man-
agement plus either phenelzine sulfate or placebo in
108 outpatients with major depressive disorder and
atypical features. The response rates (21-item
HRSD score <9) were significantly greater after
cognitive therapy (58%) and phenelzine (58%) than
after placebo (28%). Therefore, cognitive therapy
may offer an effective alternative to drug treatment.

In summary, there is good response to non-
selective MAOIs and lower response to tricyclics.
The efficacy of SSRIs appears to be at least similar to
tricyclics and the efficacy of moclobemide is not well
established. There is a lack of studies with the new
generation of antidepressants. The most prudent
approach appears to be using SSRIs as first-line
treatment for atypical depression and reserving
MAOIs for patients who do not respond. Cognitive
therapy may offer an effective therapeutic alterna-
tive.

Bipolar depression

Antidepressants have different effects in bipolar
patients, therefore the treatment of bipolar depres-
sion, the predominant mood state in bipolar illness,
poses unique challenges for clinicians.

According to several guidelines, the first-line
pharmacological treatment for bipolar depression is
the initiation of a mood stabilizer. In patients who,
despite receiving maintenance treatment suffer a
depressive episode, the first-line intervention should
be to maximize the dose of the maintenance
medication. Antidepressives are recommended only
as a second-line treatment and always with a con-
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current mood stabilizer to prevent switching to
mania. Among the different mood stabilizers, the
antidepressant efficacy of lithium is well established
(Goodwin et al. 1972; Fieve et al. 1968) its effect
being associated with serum levels (Nemeroff et al.
2001). The antidepressant efficacy of lamotrigine
has been demonstrated by Calabrese et al. (1999) in
a multicentre placebo-controlled trial. With lamo-
trigine (200 mg/day) in monotherapy, the response
rate (51%) was significantly higher than with pla-
cebo (26%). The therapeutic effect in bipolar
depressive episodes of carbamazepine and valproate
are not sufficiently documented. The efficacy of
other mood stabilizers needs to be addressed in
randomized controlled studies.

Antidepressants are indicated in depressive epi-
sodes that persist, despite optimization of mood
stabilizers, or in episodes that are markedly severe.

Do antidepressants work in acute bipolar depres-
sion as well as they do in unipolar depression?
According to a large comparative study (Geddes et
al. 2003), antidepressants may be of comparable
efficacy in unipolar and bipolar depression.

Are some antidepressants more effective than
others in bipolar depression? The existing evidence
does not support any substantial difference in
efficacy among a number of compounds. In a review
of six trials (Gijsman et al. 2004), tricyclic anti-
depressants may be less effective (response rate) than
other antidepressants, but this did not reach statis-
tical significance. On the other hand, according to a
10-week, placebo-controlled trial, there is no differ-
ence in remission rates between imipramine and
paroxetine (Nemeroff et al. 2001).

Long-term use of antidepressant drugs may ad-
versely affect the course of bipolar illness (switch
into mania or hypomania, induction of a rapid
cycling course). According to a naturalistic study
(Post 2001), the rate of switch in bipolar patients
treated with antidepressants of different classes is
18% at 10 weeks and 35% at 1l-year follow-up.
However, this risk is not similar with all antidepres-
sants, being higher with tricyclics than with SSRIs
(Peet 1994), with venlafaxine than with paroxetine
(Vieta et al. 2002) and with desipramine than
bupropion (Sachs et al. 1994).

Atypical antipsychotics are promising drugs, but
efficacy in bipolar depression is not yet sufficiently
documented.

ECT should be considered for patients with
treatment-resistant depressive episodes and for pa-
tients with high risk of suicide and with psychotic
features.

In summary, mood stabilizers are the cornerstone
of therapy and antidepressants should be used with
caution. SSRIs present less risk of inducing mania

than tricyclics and the new dual-action antidepres-
sants.

Psychotic depression

Psychotic depression, evidenced by depressed mood,
profound psychomotor disturbance and psychotic
features (mainly delusions but occasionally halluci-
nations) is a striking example of a treatment differ-
ential effect for a particular depressive disorder.
These patients have the highest levels of serum
cortisol and greatest resistance to its suppression
with exogenous steroids as measured in dexametha-
sone suppression tests (Rothschild et al. 1993). Such
abnormal neuroendocrine functions, and the differ-
ential response rates to antidepressant drugs, en-
couraged many investigators to the view that
psychotic depression is a unique psychopathologic
entity.

When the TCAs were introduced for the treat-
ment of depression, reports began to appear that
they were not as effective for psychotic depression as
in non-psychotic depressed patients (Friedman et al.
1961). A literature review (Chan et al. 1987) of 1054
patients revealed that 67% of the nonpsychotic
depressed patients (N =691) responded to TCAs
compared with only 35% of the psychotic depressed
patients (N =363).

In fact, it is strongly recommended (Guidelines for
Biological Treatment of Unipolar Depressive Disorders,
WFSBP, Bauer et al. 2003) that psychotic depres-
sion should be treated pharmacologically using a
neuroleptic combined with an antidepressant. This
recommendation is based on the evidence of the
superior efficacy of the combined treatment. In a
large double-blind trial assigning patients on a
random basis to amitriptyline alone, perphenazine
alone, or amitriptyline plus perphenazine, the com-
bination was the superior treatment with a response
rate of 78% compared with 41% for amitriptyline
alone and 19% for perphenazine alone (Spiker et al.
1985).

Although there have been no prospective studies
comparing TCAs and SSRIs (combined with an
antipsychotic) for the treatment of psychotic depres-
sion, several trials suggest that SSRIs combined with
an antipsychotic are an effective treatment for acute
episodes of psychotic depression (Wolfersdorf et al.
1995). Unfortunately, there is a lack of information
regarding the new generation of antidepressants.

Atypical antipsychotic medications may have par-
ticular relevance for psychotic depressive treatment
because of their better side-effect profile and their
effects on serotonin type-2 receptors. Several case
and retrospective reports (Keck et al. 1995; Roths-
child et al. 1999; Zarate et al. 2000), and a double-
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blind, randomized study of olanzapine versus olan-
zapine/fluoxetine combination (Rothschild et al.
2004), suggest that atypical antipsychotics may be
at least as effective as the conventional neuroleptics
in patients with psychotic depression.

The efficay of ECT in the treatment of psychotic
depression is well documented (Petrides et al. 2001;
Birkenhéger et al. 2003). The outcome of an acute
bilateral ECT course in 253 patients with nonpsy-
chotic and psychotic unipolar major depression was
assessed by Petrides et al. (2001), demonstrating
that, among the patients with psychotic depression,
the remission rate was higher (95%) than in non-
psychotic depressed patients (83%).

Finally, a promising alternative is the anti-gluco-
corticoid strategy. As mentioned above, patients with
psychotic depression exhibit a marked dysregulation
of the HPA axis in the acute episode. In longitudinal
studies, many patients continue to exhibit elevated
cortisol levels despite symptomatic improvement.
Based on these observations, the steroid mifepris-
tone, which is an effective antagonist of glucocorti-
costeroid action i vitro and i vivo, has been
proposed as a new treatment of dysthymia. Belanoff
et al. (2001) have reported on five patients who
participated in a 4-day, double-blind, placebo-con-
trolled, crossover study using 600 mg of mifepris-
tone as monotherapy. All five patients showed
substantial improvement in their HDRS scores,
with little improvement with placebo.

In summary, the best options are combined treat-
ment (antidepressant + antipsychotic) and E.C.T.

Dysthymia

Dysthymic disorder is a prevalent form of chronic
subthreshold depressive disorder, associated with
considerable disability and high comorbidity. Since
these patients were previously labelled either as
‘neurotic depression’ or ‘depressive personality’,
dysthymia was considered to be non-responsive to
antidepressant treatment, and the interest necessary
for controlled studies was not stimulated. In the last
two decades, after the definition of the disorder in
DSM-III, there has been a renewed interest in the
research and treatment of dysthymia, although the
literature is still limited. Nevertheless, dysthymia is a
controversial and heterogeneous entity (pure dysthy-
mia versus double depression; primary versus se-
cundary dysthymia; comorbid versus non-comorbid
personality disorder). This heterogeneity may ex-
plain why roughly one-half of dysthymic patients do
not respond to antidepressant medication, while a
substantial percentage of patients may respond to
psychotherapy (Ravindran et al. 1999).

Placebo-controlled studies on the treatment of
dysthymia with antidepressants have been few,
particularly in samples without concurrent major
depression, and most of them were of short dura-
tion. All comparisons with placebo show superior
efficacy of the active compound: imipramine (Kocsis
et al. 1988), desipramine (Miller et al. 2001),
phenelzine (Stewart et al. 1988), moclobemide
(Versiani et al. 1997), fluoxetine (Hellerstein et al.
1993; Vanelle et al. 1997), sertraline (Ravindran
et al. 2000) and paroxetine (Katon et al. 2002).
These results provide substantial evidence for the
efficacy of antidepressants in dysthymia, although
the treatment response is less than that typically
found in major depression.

In addition to antidepressants, the pharma-
cological treatment of dysthymia has also used
amisulpride, a selective antagonist for D2 and D3
dopamine receptors that acts preferentially on pre-
synaptic receptors increasing dopaminergic trans-
mission at low doses. Three large double-blind
studies, comparing amisulpride with sertraline for
12 weeks (Amore and Jori 2001), amitriptyline for 6
months (Ravizza 1999) and amineptine for 3 months
(Boyer et al. 1999), show that both drugs were
equally effective at end-point.

Is any drug more effective in the treatment of
dysthymic disorder? The answer is clearly negative.
According to a meta-analysis (Lima and Hotopf
2003) based on 25 trials, similar results were
obtained in terms of efficacy for different groups of
drugs, such as tricyclic antidepressants (TCAs),
selective serotonin reuptake inhibitors (SSRIs),
monoamine oxidase inhibitors (MAOIs) and other
drugs (sulpiride, amineptine, and ritanserin).

The limitations of antidepressant medication
argue for the development of effective psychother-
apeutic interventions. Although long-term psycho-
dynamic therapy is frequently prescribed, there is no
evidence that psychodynamic treatment benefits
such patients. On the other hand, cognitive ap-
proaches have been frequently applied in dysthymic
patients. Markowitz (1994) has reviewed seven
uncontrolled studies of cognitive-behavioral treat-
ment for dysthymia, finding that the cumulative
response of 41% approaches the efficacy reported
for antidepresants trials.

In summary, pharmacotherapy for disthymia ap-
pears to be an effective short-term treatment for
dysthymic disorder with no diffrences between
various types of drugs. Since there is not sufficient
evidence for one group of drugs to be declared more
effective than the other, the more tolerated anti-
depressant should generally be prescribed. Psy-
chotherapy, specially behaviour therapy, is also
effective.
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Is the practice of ECT ethical?
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Abstract

The ethical principles of medical care are beneficence (doing good), non-maleficence (not doing harm), autonomy (right to
refuse or accept treatment), and justice (equality of opportunity). The present practice of ECT meets standards for
beneficence, non-maleficence, and autonomy. In many nations, however, the principle of justice is not respected, leading to
unavailability of ECT, increased suffering and prolonged illness. The signs of improvement are slowly surfacing in the
greater recognition of the efficacy of ECT, greater tolerance to its use, and in establishing treatment standards.
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Introduction

Although ECT is almost universally regarded as an
effective treatment for patients with the most severe
psychiatric illnesses, it is also the most stigmatized
treatment in medicine. As a consequence, it is hardly
available for patients in the most need. The educa-
tion of medical students and psychiatric residents is
so restricted that medical practitioners cannot advise
their patients effectively. Technical training is hap-
hazard, making it difficult to find trained therapists.
The public sees ECT as controversial, painful, and
frightening, leading legislatures to limit its use
(Ottosson and Fink 2004).

The negative attitudes to ECT have roots in
misperceptions about the treatment and about psy-
chiatric illness. ECT is a complex procedure that is
considered old-fashioned and socially incorrect.
Some believe that it is still forced on the patient,
used by the state to subjugate its unruly citizens, and
that memory disturbances are so severe and so
persistent that no rational human being would
undergo this procedure, no matter how well intended.

The central skill in psychiatric practice is talking,
augmented by prescriptions for medications. ECT,
by contrast, requires the laying on of the hands in a
complex procedure that calls on the skills of a
medical team. It is an old treatment with a persisting
image of its earliest days, before the introduction of
anaesthesia, oxygenation, and consent in its practice.

In the first years, the experience was frightening and
the risk of bone fracture real. Since sedation and
muscle paralysis became standard aspects of ECT in
Western societies, these risks are no longer present
(Fink 1999; Ottosson and Fink 2004). The techni-
que of stimulation has been refined, and superficial
anaesthesia with muscular relaxation and oxygena-
tion are in wide use (Abrams 2002). Treatments are
much more lenient than pictured by the public and
presented by film and television.

Many believe that ECT is forced upon an un-
willing patient, as pictured in the film One Flew Over
the Cuckoo’s Nest. But such is not acceptable practice
as individual consent is required for treatments.
Only when patients are considered incompetent by
reason of a severe psychiatric disturbance is ECT
proposed without individual consent. At such times,
the laws of the state for the application of life-saving
procedures may be invoked and the patient treated.

Patients awaken confused with each treatment.
Like the bleeding of surgery, the immediate and
transient confusion and memory loss for the events
surrounding the treatments is an essential feature of
ECT. In the weeks of recovery, however, memory
returns and patients are able to recall their history
and undertake new learning as well as they did
before. In the overall picture of the thousands of
patients treated with ECT each year, the memory
effects are a nuisance rather than an unassailable
obstacle to its use.
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After the Second World War, as Western society
faced the horrors of the experimentation of Nazi
doctors, codes of ethical conduct were developed.
The Nuremberg Code of 1947 established guide-
lines for proper treatment and ethical experimenta-
tion in humans. The code was modified in many
ways, the most recent being the revision by the
World Medical Association in 2002. For psychiatric
patients, the 1977 Declaration of Hawaii of the
World Psychiatric Association and the amendments
in the Declaration of Madrid of 1996 are the most
relevant. Each guide calls on the medical community
to fulfil the precepts of ethical codes that go back to
the oath of Hippocrates (Ottosson and Fink 2004).

Principles of medical ethics

The four principles of beneficence, nonmaleficence,
autonomy, and justice are central to ethical conduct
(Beauchamp and Childress 2002). Beneficence is
the principle that ‘doing good’ is essential to medical
care. Not doing harm is the rule of nonmaleficence.
Autonomy respects the right of each person to
decide whether to accept or reject treatment; it
requires respect for each person as a unique human
being with responsibility for his own body. Justice
asks that all human beings be treated equally,
without regard to social or financial factors, and
that the most effective treatments be offered to all.

Does the practice of electroconvulsive therapy meet the
standards of medical ethics?

Beneficence. A treatment that offers effective benefits
at minimal risk is considered beneficent. ECT is
widely recognized as an effective treatment for a
lengthy list of conditions. It is often reserved for use
when all other treatments have failed, and is still
effective even under this compelling hurdle. The
effective indications are major depression, especially
its psychotic form (Petrides et al. 2001; UK ECT
Review Group 2003) and catatonia, especially its
malignant form (Fink and Taylor 2003). ECT
relieves mania (Mukherjee et al. 1994) and some
forms of schizophrenia (Fink and Sackeim 1996).
The risk of suicide decreases after ECT (Prudic and
Sackeim 1999; Kellner et al. 2005).

The merits of these uses are well documented. A
meta-analysis of 18 random-controlled trials (1144
participants) of various forms of ECT and medica-
tions over five decades found ECT more effective
than pharmacotherapy (UK ECT Review Group
2003).

ECT is particularly effective for patients with
psychotic depression. In a study of 253 patients
with major depression treated with bilateral ECT, 77
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were psychotic and 176 non-psychotic. The remis-
sion rate was 87% for the study completers, 96% for
the psychotic depressed, and 83% for the non-
psychotic depressed (Petrides et al. 2001). Similar
findings are reported by Birkenhéger et al. (2003)
and Kho et al. (2003). These findings confirm the
early reports that remission in psychotic depression
is achieved in 34% of patients treated with TCAs
alone, 51% with antipsychotic agents alone, 77%
with the combined use of these drugs, and 82% with
ECT alone (Kroessler 1985).

ECT achieves remission rapidly and sharply re-
duces the duration of illness. In the collaborative
four-hospital ECT study, known as the CORE trial,
remission of severe depression was achieved in 5% in
1 week (three ECT), 45% in 2 weeks, and 81% in 3
weeks (Figure 1).

The impact on suicidal risk is even more compel-
ling. In the CORE trial, the suicide risk was assessed
by item 3 in the 24-item Hamilton Depression
Rating Scale. The suicide risk of patients rated as
high-risk was rapidly relieved to no risk in 38% in 1
week, 61% in 2 weeks, and 81% in 4 weeks of
treatment (Figure 2).

These data are supported by similar findings in
the treatment of mania, malignant catatonia, neuro-
leptic malignant syndrome, and schizophrenia
(Abrams 2002; Fink and Taylor 2003; Ottosson
and Fink 2004).

The practice of ECT complies with the principle of
beneficence.

Non-Maleficence. When ECT was first introduced,
the risks of death, fractures, and tardive seizures
were commonplace, but these are now alleviated.
Fear of treatments and fracture has been relieved by
anaesthesia and muscle relaxants (Abrams 2002).
The death rate in ECT is negligible, being less than
that of normal pregnancy (Nuttall et al. 2004).
The most discussed risk of ECT is the develop-
ment of persistent memory loss. When ECT was
introduced, confusion and complaints of memory
loss were common; indeed, the losses were first
considered an explanation of the mechanism of the
treatment (Fink 1999). But, in time, the currents,
dosing, and electrode placement were optimized;
active ventilation with oxygen was established as
routine; and the frequency and numbers of treat-
ments balanced to achieve greatest benefit at least
risk (Abrams 2002; Ottosson and Fink 2004).
Gaps in memory for the times of treatment,
especially impaired recollection of personal and
public events, are frequent. These gaps, however,
disappear within a few weeks after the completion of
the treatment. Many patients even experience their
memory as improved compared to the difficulties
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Figure 1. Cumulative percentage of unipolar depressed patients achieving remission with ECT. From the Core study (Husain et al. 2001).
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associated with the illness. Prolonged disturbance is
rare, and should it occur, the role of ECT is
uncertain (APA 1990; Abrams 2002; Ottosson and
Fink 2004). Most patients experience their memory
impairment as a small nuisance in comparison with
the relief of their psychiatric disability.

ECT 1is consistent with the ethical principle of non-
maleficence, offering minimal risk in the face of
extraordinary relief of illness.

Respect for autonomy. The practice of ECT is
burdened by worldwide stigmatization. Film, televi-
sion, and attacks from anti-psychiatry lay groups
such as the Church of Scientology have poisoned the
well of public opinion. Many see the treatment as
forced on patients, against their will, as pictured in
Omne Flew Over the Cuckoo’s Nest and in The Snakepit.
As informed consent is a requirement for all health
care, it applies to psychiatry, and is particularly
pertinent to ECT. Before beginning a course of
ECT, almost all patients have failed multiple trials of
other treatments. They are well acquainted with
consent procedures. For ECT, however, voluntary
consent is essential. Patients are told the reasons why
the treatment is recommended, the benefits and risks
that are anticipated, and the efficacy and safety of
ECT compared to alternative treatments. A written
consent describes the procedure and the reasons why
the treatment is offered, as well as who is responsible
for the procedure. The consent is signed by the
patient in the presence of a witness, usually a family
member, and becomes an essential part of the
patient’s record (APA 1978, 1991; Abrams 2002).
When patients are considered incapable of giving
an informed voluntary consent by reason of their
mental illness, they may be treated after judicial
authorization, following the laws of the community
in which the patient resides. Nowadays, nearly all
patients give voluntary consent for ECT. In two
states of the United States, all courses of ECT are
required to be registered with the state and it is
possible to determine how many patients are volun-
tarily treated and how many under court mandate.
From 1 to 2% of ECT-treated patients are treated
with judicial consent (Reid et al. 1998; Kramer
1999).
Modern ECT practice complies with the principle of
respect for autonomy.

Principle of justice. The principle of justice calls for
ECT to be available to all the ill that need it,
regardless of age, gender, social and financial status,
or nation, hospital, or catchment area. The decisive
factor is the need for the treatment. World-wide, the
adherence to this principle is spotty, and even within
a nation the availability is uneven. In the United
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States, ECT is available at academic hospitals, but is
hardly available at state, municipal, or Veterans
Administration hospitals (Hermann et al. 1995).
Training in practice is limited, so that only 8% of the
members of the American Psychiatric Association
used or were confident in administering ECT
(Hermann et al. 1998). Laws in some states in the
US so restrict the use of ECT that psychiatrists
cannot give appropriate care (Ottosson and Fink
2004). Treatment algorithms offered by expert
committees recommend trial after trial of medica-
tion before ECT, which is considered the last resort,
disadvantaging and encouraging prolonged suffering
in depressed patients (Crismon et al. 1999). Similar
unjustice is reported from European countries
(Koukopoulos, 1993; Benadhira and Teles 2001;
Philpot et al. 2002).

Modern psychiatric care is increasingly focused on
the prescription of medications. The dependence on
medication so dominates clinical practice that even
when ECT is the compelling primary treatment for
the condition, the patients are offered medication
trials, often one failed trial after another to the
patient’s detriment. ECT is more effective than
medication in psychotic depression, malignant cat-
atonia and neuroleptic malignant syndrome, cata-
tonic schizophrenia, manic delirium and rapid
cycling mania. The failure to offer ECT as a primary
treatment in patients with these illnesses is unjust.
Regretfully, it must be concluded that the practice of ECT
in many countries does not comply with the principle of
Justice.

Discussion

The modern practice of ECT is based on confident
patient—psychiatrist relationships. For many pa-
tients, their own experience with ECT, or their
witnessing the benefits in other patients, or their faith
in their physician suffices to encourage its use and
their voluntary consent. By personal experience, they
are unhappy with the limited benefits of medications
and psychotherapy. After previous ECT, they experi-
enced only transient problems with their memory.
Patients consent to treatment and patients at the
same department are treated equally.

Many efforts are being made to find a more
elegant and less distressing treatment, and it may
not be long before ECT is replaced by an equally
effective and less controversial treatment. As long as
ECT has an evidence-based superiority over other
treatments, however, it must be utilized for the
benefit of patients. Proper use not only assures
patients of an effective treatment but is considerate
of health care costs. The widespread non-compli-
ance with the principle of justice in the practice of
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ECT violates medical ethical principles and the UN
Declaration of Human Rights that human beings are
equal in dignity and in rights.

What is to be done to rectify the injustice of
present views of ECT is unclear. The national
surveys that show distorted availability encouraged
greater interest, reflected by greater usage in Ger-
man speaking parts of Europe and the publication of
a new German textbook (Baghai et al. 2004).
Comparisons of ECT and medications increasingly
recognize the proper role of ECT and greater interest
is shown in optimizing treatment after ECT, includ-
ing continuation ECT. While training is still on an ad
hoc basis, the UK Royal College of Psychiatrists has
established training programs and a voluntary certi-
fication of those treatment sites that meet national
standards (Caird et al. 2004). The promoters of new
devices to replace ECT by magnetic stimulation,
vagus nerve stimulation, and deep brain stimulation,
who loudly trumpet the memory effects of ECT as a
principal justification for their efforts, have been
unable to establish an efficacy for their devices to
match that of ECT. Attention is slowly returning to
ECT. The President of the WEFSBP, Dr Carlos
Hojaij, established a Task Force on ECT and invited
teaching sessions at the 2004 Sydney and Athens
meetings. On the other hand, treatment algorithms
in the WFSBP treatment guidelines inappropriately
relegate ECT to a ‘last resort’ position, following the
capricious guidelines of US, UK and Canadian
authors. One can be more optimistic that as
the interest in evidence-based medicine increases,
the proper role of ECT will be recognized, and the
present injustices in usage and distribution of facil-
ities will improve.
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Abstract

Objective: We investigated the hypothesis that a meningitic infection in childhood may increase the risk of a psychiatric
disorder in adulthood. Method: We conducted a follow-up study of 190 individuals affected by a meningitis infection the
first 4 years of life, during an epidemic in Sao Paulo, Brazil, between 1971 and 1974. As a control group, we investigated
156 siblings of the meningitis patients who were not affected by meningitis at childhood. Results: In the 190 cases of
meningitis, we found eight (4.2%) cases of schizophrenia against none in the controls, and 40 (21.0%) cases of life
occurrence of psychotic symptoms compared to 12 (7.6%) cases in the control group (? <0.001). We found no differences
between the two groups regarding the occurrence of other psychiatric disorders and of neurological soft signs. Conclusion:
Meningitis during childhood significantly increased the risk of schizophrenia in particular in adulthood, and of psychosis in

general.

Key words: Meningitis, childhood infection, schizophrenia, risk factor

Introduction

In the last century, several authors discussed the
participation of infectious diseases in the risk for
schizophrenia. Kraepelin considered that ‘infections
in the years of development might have a causal
importance’ for schizophrenia (Wright et al. 1999).
Menninger, in 1928, in a review of the studies of his
time about infectious diseases and psychiatric illness,
related that cases of acute meningitis, encephalitis,
typhoid fever, recurrent fever, typhus, influenza,
malaria, tuberculoses, gastrointestinal infections
and septicemia were frequently followed by an acute
and transitory episode of a schizophreniform
syndrome or a schizophrenic disease in its more
specific sense. Rantakallio et al. (1997), in a study
comparing individuals with a central nervous system
infection during childhood with a control group
followed-up until age 27 years, found an increase of
schizophrenia in the infection group (O.R.=4.2).
Leask et al. (2002), in an investigation of data from
medical school examinations, reported that child-
hood meningitis increased the risk of schizophrenia

(O.R.=7.8) and mood disorders with psychotic
symptoms (O.R. =7.7) in adulthood.

There is number of studies also showing the
influence of pre-natal infections increasing the risk
for psychiatric illnesses. Influenza, rubella, herpes
virus and cytomegalovirus have been studied and
positive findings have been shown (Brown and Susser
1999). Influenza, the most studied prenatal infec-
tion, shows some contradictory findings (reviewed by
Wright et al. 1999). Brown et al. (2001) found that
about 21% of patients who had presented clinical
manifestations of congenital rubella have developed a
schizophrenic spectrum disorder in adulthood.

In the city of Sdo Paulo, Brazil, there was an
meningococcal meningitis epidemic from 1971 to
1974 (Iversson 1976). Most of the cases (90%) were
admitted to the Emilio Ribas Hospital, a public and
university hospital, specialized in infectious diseases.
In the present study, we investigated the prevalence
of psychiatric diagnoses in general in a sample of
adults who, during the epidemic period, were
admitted up to the age of 4 years to this hospital
with the diagnosis of meningitis.
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Material and methods
Finding the subjects

The database used was the file of microfilmed
medical registers from Emilio Ribas Hospital.
From these registers, we obtained the names of the
patients, of their parents and the patients’ age when
admitted. Then a search was done in the database
of the telephone company, on the web site (Www.
telefonica.net.br), for the name of the patient and of
his parents. When a subject was found, he was
informed about our study and invited to an interview
at the Institute of Psychiatry of the University of Sao
Paulo Medical School. We also asked to the inter-
view one sibling of the patient, preferably older, but
aged as close as possible to the patient, and who had
not been affected by meningitis in childhood. The
siblings composed the control group. The cases
(meningitis) and the controls (siblings) received
R$50 (+U$20) each, as a compensation for coming
to the interview.

Interviews

A standard psychiatric diagnostic interview was
undertaken based on the ICD-10 Checklist (Janca
and Hiller 1996), and the presence of neurological
soft signs was tested with the neurological evaluation
scale from Buchanan and Heinrichs (1989).

Reliabiliry of the diagnoses

Since only one psychiatrist has interviewed all
patients, and he was aware whether they were cases
or siblings, we tested the reliability of the diagnoses.
Four psychiatrists received a written resume of the
clinical histories of all individuals. The resumes were
codified, not identifying who was case or sibling. All
four doctors showed an agreement in their diag-
noses, with the main researcher higher than 80% in
the Kappa test.

Sample description

When the microfilmed files were analysed, 4951
registers were found from patients admitted with
meningitis, aged 4 or less, from January 1970 to
December 1975. Up to now, 1,890 files had
telephone searches, and 361 (18.1%) individuals
were localized. Of these, 190 (52.6%) cases and 156
(82.1%) controls agreed and came to the interview.

Table I presents the demographic and social
economical data of cases and controls. No remark-
able difference was found, except that (interestingly)
in the cases income was significantly higher than in
their siblings.

Statistics

For data analysis, the following statistics were used,
as needed: Kolmogorov—Smirnov test, Breslow—
Day Test,Mann—Whitney test, Chi-square, z-test,
Kappa test, test for the difference of signs and
stratified analysis. The data are presented as
average +standard deviation.

Results

Individuals with meningitis in childhood had a
higher prevalence of schizophrenia and of psychoses
in general, as well as more neurological disorders
and higher comorbidity rates, compared to their
siblings without childhood meningitis (Tables II, III
and IV).

Since deafness may increase the risk for psychoses
(Altshuler and Sarlin 1969), we compared the
diagnoses between three groups: controls, cases
with any hearing deficit and cases without hearing
deficit. Basically, all the differences shown before
are maintained here, with a predominance of psy-
choses in general in the meningitis cases (Table V).

There was no association between neurological
diagnoses and psychosis. If we exclude from the
analyses cases and controls with neurological diag-
noses, the difference remains as before, with more
psychosis and more schizophrenia in the meningitis
group (Table VI).

Soft signs

There were no differences in the neurological soft
signs between cases (7.4+4.1) and controls (7.8 +
4.2). However, soft signs ratings were higher in
individuals with psychoses (8.9 +3.8) than in indi-
viduals without psychoses (7.3 +4.2, P <0.01).

Age of menmingitis

The age at the time of meningitis infection was lower
in cases with psychotic symptoms (21.9+13.2
months) than in cases without psychotic symptoms
(27.4+15.3 months, P <0.05).

Table I. Socio-demographic characteristics of cases and controls.

Cases (n=190) Siblings (7 =156)

Men 88 (46.3%) 56 (35.9%)
Women 102 (53.7%) 100 (64.1%)+
Age (years) 29.2+1.6 30.0+5.9

Income (in Reais) R$ 948.00+943.00* R$ 739.00+4828.00
Years at school 11.54+3.7 11.34+4.0

*P <0.05, +P <0.10.
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Table II. General prevalence of neurological and psychiatric
disorders.

Cases Siblings
(n=190) (n=156)

All psychiatric disorders
All neurological disorders

117 (61.5%)
47 (24.7%)***

93 (59.6%)
9 (5.7%)

***P <0.001.

Discussion

Our main finding was that meningitis in childhood
increased the risk for psychosis in adulthood by 4.6
times, and for schizophrenia in particular by 4.4
times, whereas no changes were found in the risk for
other psychiatric disorders.

An interesting aspect of our study is that the
control group was formed by siblings of the patients,
who did not have had meningitis in early child-
hood. So, to a considerable extent, both groups
were very well matched regarding aspects such as
genetic, socio-cultural, economical and nutritional
backgrounds. Thus, the difference between our
groups of cases and controls was, basically, the
presence or absence of meningitis in the first four
years of life.

Our findings are similar to the studies of post-
natal infections increasing the risk for psychosis
(Rantakallio et al. 1997; Leask et al. 2002). Our
cases with psychotic symptoms showed more neu-
rological soft signs as compared to the siblings
group, and this also agrees with the literature
(Brown et al. 2001; Leask et al. 2002).

The mean age of meningitis was lower in the cases
that presented psychotic symptoms than in cases
without psychotic symptoms, suggesting that vulner-
ability to psychosis may be increased by earlier
insults during the maturation of the brain. However,
the mechanisms by which it happens are not yet
clarified. In animal experiments, Borrell et al. (2002)
found that the injection of a bacterial endotoxin

Table III. Psychiatric diagnosis grouped.

Table IV. Neurological disorders.

Siblings

Case (n=190) (n=156)

No neurological diagnosis 143 (75.2%)*** 147 (94.2%)

Deafness (partial and total) 18 (9.4%)*** 1 (0.6%)
Motor deficit 9 (4.7%)** 0 (0%)
Headache NOS 12 (6.3%) 7 (4.5%)
Epilepsy 6 (3.1%) 1 (0.6%)
Visual deficit 1 (0.5%) 2 (1.2%)
Other neurological disorders 2 (1.0%) 0 (0%)

(visual deficit related to
meningitis, anosmia,
nystagmus cross-eye and
tremors)

**P <0.01; ***P <0.001.

(lipopolysacccharide, LPS) to pregnant female rats
disrupts the prepulse inhibiton (PPI) of the acoustic
startle reflex in the offspring, and this effect could be
reversed by antipsychotic drugs. This finding is of
interest because PPI is an accepted animal model for
schizophrenia.

The prevalence of psychiatric disorders in our
study, 60.3% in siblings and 62.4 in controls, is
above what is found in epidemiological studies done
in representative samples of the population in Brazil
(Andrade et al. 1999 reported 45.6%) and in the
USA, where Robins and Regier (1990), in the
Epidemiological Catchment Area Study (ECA),
report 32% of total psychiatric morbidity. In our
study, it is likely that the call to a medical interview
in the University Hospital may have selected a
sample in higher need of medical-psychiatric care,
therefore with a higher morbidity, among those who
answered the call. Nevertheless, our figures are
similar to those reported by Brown et al. (2001),
who found 58.5% overall psychiatric morbidity in
the rubella study.

Some studies pointed to an association between
deafness and increased risk for psychosis (Altshuler

Cases (n=190) Siblings (n =156)

Without any diagnoses

Anxiety disorders (F 40.1, F 40.2, F 41.0, F 41.1, F 41.2, F 42.9)

Personality disorders (F 60.3, F 60.5)
Alcohol and drugs abuse (F 10.1, F 10.2, F 12.1, F 14.2)

Mood disorder without psychotic symptoms (F 32.0, F 32.1, F 32.2,

F 33.0, F 33.1, F 33.2, F 34.0 F 34.1 ¢ F 31.0)

Mood disorder with psychotic symptoms (F 32.3, F 33.3)(2)
Schizophrenia (1) (F 20.0, F 20.5, F 20.6)

Other psychosis (3) (F 29, F 10.5, F 22.0)

All psychoses

Comorbidity

73 (38.5%)
71 (37.3%)
8 (4.2%)
14 (7.3%)
51 (26.8%)

63 (40.4%)
55 (35.2%)
3 (1.9%)
12 (7.6%)
38 (24.3%)

13 (6.8%) 6 (3.8%)
8 (4.2%)*** 0 (0%)
21 (12.1%)** 4 (2.8%)
40 (21.0%)*** 12 (7.6%)

52 (30.0%)** 20 (14.2%)

**P <0.01; ***P <0.001.
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Table V. Psychiatric diagnosis in cases with and without hearing deficit.

Controls Cases with hearing deficit Cases without hearing deficit

(n=141) (n=18) (n=155)
Without psychiatric diagnostic 54 (38.3%) 9 (50.0%) 56 (36.1%)
Anxiety disorder 51 (36.1%) +2 (11.1%)* 60 (38.7%)
Personality disorders 3 (2.1%) 0 5 (3.2%)
Alcohol and drugs 12 (8.3%) 1 (5.6%) 13 (8.4%)
Mood without psychotic symptoms 34 (24.1%) 5 (27.8%) 44 (28.4%)
Mood with psychotic symptoms 4 (2.8%) 1 (5.6%) 12 (7.7%)
Schizophrenia 0 1 (5.6%) 7 (4.5%)*
Other psychosis 4 (2.8%) 1 (5.6%) 20 (12.9%)**
All psychoses 7 (5.0%) +3 (16.7%) 35 (22.6%)***
Co morbidity 20 (14.2%) 2 (11.1%) 50 (32.3%)***

+P <0.1; *P <0.05; **P <0.01; ***P <0.001.

and Sarlin 1969). However, in our study the excess
of psychosis in the meningitis group is maintained
if we left off the cases with partial or full deaf-
ness from the analyses (Table V). The differences
are also maintained after the exclusion from the
analysis of the cases with a neurological diagnosis
(Table VI).

In the control group there was a non-significant
dominance of women, compared to the group of
cases. The onset of schizophrenia in women is about
3 years later then men. In a representative sample,
Haifner et al. (1999) report that the average age of
appearance of the first negative symptoms of the
disease was about 22 years in men and 25 in women,
and the age at the first psychotic symptoms was 26.7
and 30.9 years, respectively. However, our sample
has an average age of 30.0 +-5.9 years old, indicating
that most of the controls had already passed the risk
age for disease onset. Therefore, the excess of

Table VI. Psychiatric diagnosis in cases and controls without
neurological disorders.

Cases without

neurological
Controls disorders
(n=147) (n=143)
Without psychiatric 58 (39.4%) 54 (37.7%)
diagnostic
Anxiety disorder 50 (34.0%) 52 (36.3%)
Personality disorders 0 5 (3.5%)*
Alcohol and drugs 10 (6.8%) 9 (6.3%)

Mood without
psychotic symptoms

28 (19.0%) 25 (17.5%)

Mood with psychotic 6 (4.1%) 9 (6.3%)
symptoms

Schizophrenia 0 7 (4.9%)**

Other psychosis 6 (4.0%) 16 (11.2%)*

All psychoses 12 (8.1%) 29 (20.3%)**

Co morbidity 23 (15.6%) 44 (30.7%)**

*P <0.05; **P <0.01.

women in controls does not contribute to the lower
prevalence of psychosis in this group. Besides, the
stratified analysis showed that the variation of sex
does not contribute to the differences in the occur-
rence of psychotic diseases in cases and controls.
And, finally, comparing only the female individuals
we also found more psychoses in women with
meningitis than in women without meningitis during
childhood (Table VII).

Taken together, our findings add to the body of
literature showing that infectious diseases that may
affect the brain in childhood do increase the risk for
psychosis in adults. The clarification of the mechan-
isms by which this occurs could shed more light in
the understanding of environmental influences in the
risk for psychosis.
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Table VII. Psychiatric diagnosis in women.

Siblings Cases
(n =100 women) (7 =102 women)

Without psychiatric 30 (30.0%) 26 (25.5%)

diagnostic
Anxiety 40 (40.0%) 53 (51.9%)
Personality disorders 3 (3.0%) 3 (2.9%)
Alcohol and drugs 4 (4.0%) 6 (5.9%)

Mood without psychotic 35 (35.0%) 39 (38.2%)

symptoms
Mood with psychotic 5 (5.0%) 11 (10.8%)
symptoms
Schizophrenia 0 3 (2.9%)
Other psychosis 4 (4.0%) 15 (14.7%)*
All psychosis 9 (9.0%) 27 (26.4%)**

Co morbidity 16 (16.0%) 38 (37.2%)**

*P <0.05; **P <0.01; ***P <0.001; +P <0.1.
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Abstract

It has become obvious from epidemiological studies in families of patients affected or from twin studies, that most
psychiatric disorders are in part genetically determined. Genetics have raised incredible hopes that the complex nature of
psychiatric disorders might be unravelled. However, progress in psychiatry genetics have met major difficulties that have
hampered psychiatry taking advantage of the new technologies as compared to other fields, such as neurology. In this non-
exhaustive review, we propose an overview from the initial evidence to the expected future, through a critical statement on

the current situation.
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Where we started: The evidences

The work of the monk Georges Mendel is often
quoted as a reference in genetics. He proposed the
idea that physical qualitative characteristics (in peas)
are determined by inherited factors in a simple
manner with either recessive or dominant transmis-
sion (reviewed in Gershon 2000). A ‘simple’ trans-
position to human disease has led to the concept that
physical diseases (or characteristics) can be deter-
mined by inherited factors.

Based on this Mendelian model, linkage studies
have been conducted, which examine whether the
transmission of the disease coincides with that of a
genetic marker that, in turn, allows to compute the
probability that a marker gene and the disease gene
co-segregate, thus giving information on the location
of the disease gene. This requires the knowledge of
the mode of inheritance, and the allele frequencies in
the general population. It also postulates that the
disease’s penetrance is complete or almost complete
to ensure that the clinical status ‘affected’ or ‘non
affected’ is sufficiently reliable. Indeed, false attribu-
tion of the clinical status would bias the results
(Tsuang 1999).

The reality in psychiatry is different (Sawa and
Snyder 2002; Kennedy 2003). Firstly, although
familial aggregation has been demonstrated for the
main psychiatric disorders, the mode of inheritance

is still unknown. Some family studies support a
dominant transmission, other a ‘recessive’ transmis-
sion. There is also suggestion that some forms of
psychiatric disorders (including schizophrenia or
autism) are X-linked diseases, or with an excess of
maternal transmssion that could be compatible with
mitochondrial transmission.

Secondly, the penetrance is obviously incomplete,
leading to attenuated forms of diseases or to related
disease in the ‘spectrum’. When those attenuated
forms are present in the relatives of the patients, this
can lead to false ‘unaffected’ status and bias the
result of linkage studies. The influence of other
factors from the environment or of other genetic
modulators is highly suspected in diseases such as
schizophrenia, bipolar or anxiety disorders (Tsuang
2000).

Thirdly, there is evidence of pleiotropism: the
same genetic variation can express in different
manners, leading to different phenotypes and diag-
nosis, challenging the nosographic classification
(Ozaki et al. 2003).

Lastly, in line with other complex diseases, there is
also evidence of a genetic heterogeneity (Gershon
2000). Given the high frequency of the genetic
variants concerned and non-Mendelian phenomena
such as associative mating, the probability of the
involvement of different variants on different genes is
high, even within the same family.
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Despite all these limitations, the Mendelian model
has been promoted in genetic studies in psychiatry,
perhaps because of the progress in the discovery of
causative genes for single-gene diseases, including in
neurology.

However, there are other founding models that
could be more adapted to the field of psychiatry (see
Gershon et al. 2000). Back in 1865, Galton pro-
posed the model of heritability, suggesting that
quantitative traits are correlated between individuals
of the same family. In 1918, Fisher introduced the
notion of polygenic inheritance, suggesting that the
correlation of qualitative traits in related individuals
could be modelled as the sum of effects of a large
number of genes, with additive effects, albeit having
individually minor effects. It has been subsequently
shown that a few genes (two to four), each having a
small contribution to relative risk, would best fit the
model of transmission in schizophrenia or bipolar
disorders (Risch 1990).

In this regard, psychiatric disorders are closer to
other complex and frequent disorders like diabetes
or asthma than to neurological conditions such as
Parkinson’s or Huntington’s diseases.

In diabetes and asthma, genome scan studies gave
results similar to those in psychiatric disorders,
identifying few regions with highly significant evi-
dence of linkage and few replications in multiple
independent studies. As underlined by Gershon
(2000), if a disease is common and results from
several genes, it follows that the genes are much
more common than the disease. The use of incorrect
assumptions in the early analysis of bipolar pedigree
led to rejection of the linkage when new cases
appeared that did not carry the suspected gene
variants. In this situation, an oligogenic model would
have given a different conclusion, assuming that new
cases could result from other common genes being
brought into the pedigree by persons marrying in
(Badner et al. 1998).

The initial hypothesis has now been fully demon-
strated: ‘mental’ disorders (or psychiatric diseases)
are related to genetic predisposition. Epidemiologi-
cal studies as well twin studies have indeed largely
confirmed that the overall lifetime relative risk of
having a psychiatric disorder is higher in the relatives
of psychiatric patients than in the general popula-
tion. The relative risks rapidly decrease as the link
with the proband is weaker: ranging from 46 to 48%
for monozygotic twins or children of two parents
with schizophrenia to 10% for siblings, 5% for
grandchildren and 2% for cousins. The estimated
shared genes are in comparison ranging from 100 to
50, 25 and 12.5%, respectively (Gottesman, 1997;
reviewed in Tsuang 2000).

But in a family, much more than genes are shared.
It has become increasingly obvious that genetic
factors do not account for the whole determinism
of psychiatric disorders, and that the so-called
‘environment’ also plays a major role (Tsuang
2000). The role of genes has nevertheless been
confirmed by adoption studies, showing that ‘the
biological offspring of a parent with schizophrenia
develop the disease at the rate of their biological
origins not of their adoptive environment’ (Ingra-
ham and Kety 2000). The relative contribution of
genes and environment can be partitioned based on
population genetics and twin studies. The phenoty-
pic variance V, represents the addition of the genetic
variance (V,, or heritability) +the environmental
variance (V) +the residual variance (V... This
can be further detailed in V, =V} additve+
Vg dominance T+ Vg epistatic) + (I/e common T I/e unshared 1
Vg x€)+ Verror- Structural equations modelling of
populations has determined the contributions to
the liability for the disease of additive and domi-
nance genetic, and the shared and unique environ-
mental factors (see Tsuang 2000).

In line with the dominant ‘Mendelian’ model,
numerous linkage studies have been performed
using ‘parametric’ analysis in large pedigrees,
although the oligogenic model would have predicted
that studies in numerous smaller families are more
reliable. In addition, early studies have focussed their
phenotypic determination on diagnostic categoriza-
tion, done with interviews, compared to multiple
anonymous DNA markers genotyped from DNA of
leucocytes taken in peripheral samples. In schizo-
phrenia and bipolar disorder, this classical strategy
has lead to the identification of numerous regions
that could confer higher liability to the diseases.
Some of them have been replicated (i.e. 1p21,
1932-41; 2p22—q21; 3p26—-24, 4924—q32; 5qll1—
13, 6q21, 6p22-24, 7922, 8p21-22, 8ql2, 9934,
10p; 11q; 13q 32, 15q13-14; 22q11,X), but always
with discordant studies as well (Pulver, 2000; Lewis
2003, Harrison and Owen 2004; Shirts and Nim-
gaonkar 2004; Levinson et al 2005). Among those
regions, the most consistent appear to be: 5q, 3p,
11q, 6p, 1q, 22q, 8p, 20q, and 14p (Lewis et al.
2003). Increasing the complexity further, some
regions appear to be common between schizophre-
nia and bipolar disorders (Badner and Gershon
2002; Segurado et al. 2003; McGregor 2004) and
in particular, 13q and 22q.

Where are we? Are we progressing?

Several comprehensive reviews have been published
recently stating the current findings in psychiatry
genetics (Harrison and Owen 2004; Owen and



Williams 2004; Shirts and Nimgaonkar 2004),
and especially in schizophrenia and bipolar disor-
ders, to which the readers are recommended to refer.
In this paper we wish to draw a more general
overview on this domain of knowledge and how
progress has been made and which strategies are
now favoured.

Since the pioneer studies in the late 1970s, there
have been extensive fundings supporting extensive
studies in schizophrenia and bipolar disorders.
As already underlined, the classical strategy of
linkage analysis in large pedigrees has been largely
promoted. In the mean time, the biotechnology
revolution has brought in ‘high throughput’ tech-
nologies allowing us to genotype increasing numbers
of markers in decreasing times. By chance, con-
comitantly, the human genome project has identi-
fied multiple markers: in particular, hundreds
of thousands of single nucleotide polymorphisms
have been identified through the genome and
have joined repeated sequences, micro-satellites as
markers of genetic variations (Neale and Sham
2004).

Despite these advances, the overall resigned con-
clusion is usually that all those efforts are ‘less than
conclusive’ (Tsuang 2000). New hopes have
emerged in the last 2 years because of convergent
findings and/or replications (Harrison and Owen
2003; Kennedy 2003; Harrison and Weinberger
2005).

The general impression is that of an ‘up and down
progression’ where psychiatric genetics, by a strange
empathy, mimics the object of observation, i.e.
bipolar disorders! This progression can be carica-
tured as: phases of ‘over-enthusiasm’ alternating
with phases of ‘over-pessimism’, with a partial
time-correlation with publications of determinant
advances by geneticists, followed by adjustments to
‘psychiatric reality’. This can be illustrated by the
following.

Linkage studies

One of the most conclusive results, contrasting with
the reports of ‘almost’ significant linkage, was the
report on the linkage of schizophrenia with markers
in the 1q region with a LOD score of 6.5 (Brzusto-
wicz et al. 2000). Before and since then, however,
several large scale trials were not able to find any
linkage in that region, which was finally reported as a
liability region by some but not all recent analyses
(Levinson et al. 2002), despite the region encom-
passes the region of the gene DISC1, independently
demonstrated as being involved in schizophenia
(Millar et al. 2004).
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Chromosomal abnormalities

The association of a micro-deletion in q11 region of
chromosome 22 with a higher risk of schizophrenia
or bipolar disorder is another major finding (see
Murphy 2002 for review). This microdeletion, also
responsible for velo-cardio-facial syndrome, was one
the first pieces of direct evidence of chromosomal
abnormalities related to major psychosis. Never-
theless, attempts to identify the gene(s) responsible
for the psychiatric syndrome have been rather
inconclusive. Linkage studies have brought both
supportive and discrepant results, with some papers
excluding the 22qll region in schizophrenia
(Mowry et al. 2004). Several genes of interest are
located within or near the deleted region, including
COMT (catechol-O-methyltransferase, a degrading
enzyme for dopamine) and proline deshydrogenase
(ProDH, a mitochondrial enzyme). Nevertheless,
hyperprolinemia is not always associated with schi-
zophrenia and, conversely, psychiatric syndromes
are not always associated with hyperprolinemia,
even within the pedigree carrying the mutation
(Jacquet et al. 2002). Moreover, a recent study in a
large sample, reported a negative association with
ProDH polymorphism (Williams et al. 2003). Asso-
ciation studies exploring COMT as candidate gene
in schizophrenia and bipolar disorders, led to overall
negative results (Mufado et al. 2005). Nevertheless,
COMT gene variants could influence cognitive
functions in relation to the prefrontal cortex (Egan
et al. 2001; Goldberg et al. 2003).

Candidate genes

In an different approach than genome wide screen-
ing, association studies have looked at genes that are
‘candidate’ because of their position in the genome
in the region of interest, identified in chromosomal
abnormalities or by linkage studies (‘positional
candidate genes’; e.g., COMT, COMT, DISCI1,
neuregulin 1, G72) or because of their involvement
in neurotransmission or function (‘functional candi-
date genes’, e.g., dopamine receptor type 3, DRD3,
S5HT?2 receptor, brain-derived neurotrophic factor
BDNF, etc.). For each candidate, numerous positive
and negative reports have been compelling. Meta-
analysis sometimes supports a weak association (e.g.,
DRD3 in schizophrenia, Jonsson et al. 2003). Even
the widely replicated result concerning neuregulin
(NR1) (Stefansson et al. 2004; Petryshan and
Middleton 2005) was not always replicated (Thisel-
ton et al. 2004), even though the sample was large
enough. Another intriguing feature is the increasing
number of studies reporting positive results in
bipolar disorder using gene variants candidate for
schizophrenia and reciprocally.
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This historical view, not contradicted by recent
reports, results in reinforcing the surrounding scep-
ticism: ‘are we progressing at all?’ In a more ‘positive
attitude’, these observations prompt us to address
some questions on the diseases, genetics, and the
way we are studying them. Firstly, do we know how
relevant the phenotypes are? For example, the so-
called ‘schizophrenia spectrum’, resulting from
aggregation studies, actually encompasses a large
variety of disorders: schizophrenia; schizo-affectifve
disorder; schizophreniform disorder; delusional
disorders; atypical psychosis; psychosis NOS; bipo-
lar disorder; unipolar disorder; cluster A personality
disorders, avoiding personality; anxiety disorder;
alcoolism, substance abuse disorder, etc. In other
words, we should not count on phenotypic homo-
geneity in the family. In addition, the penetrance is
obviously not complete and presumed carriers are
not always affected. However, presumed carriers,
could display some characteristics associated with
the disease called ‘endophenotypes’, ‘intermediate
phenotypes’ or ‘vulnerability markers’ (Gottesman
and Gould 2003). Numerous cognitive neurophy-
siological (Freedman et al. 1999) or even simpler
neurological (Gourion et al. 2004) characteristics
were described associated with schizophrenia and
found at a higher prevalence in relatives of patients
than in the general population.

Pleiotropic effect has been recently stressed by a
report on two families with serotonin transporter
missense mutation associated with a complex neu-
ropsychiatric phenotype encompassing OCD, de-
pression, Asperger syndrome, tics, alcohol, anxiety
(PTSD, phobias) and anorexia nervosa (Ozaki et al.
2003)! In addition, genetic variations in MECP2
were found associated with mental retardation,
autisms, and Asperger syndrome (see Zoghbi 2003;
Veenstra-WanderWeele and Cook 2004).

Secondly, how many genetic factors are we look-
ing for in the different diseases? Recent meta-
analysis of linkage studies supports the idea that
genes located in the 13q and 22q regions are
involved in the pathophysiology of both schizophre-
nia and bipolar disorder. On the other hand, the
effect of each individual gene could be minor.

The intermediate and not comforting conclusion
is that there is no simple phenotype—genotype
concordance. Besides the phenotypic issues, we
need to take into account: (i) gene X gene interac-
tions (that could be additive, negative, epistatic or
multiplicative); (ii) environment factors; (iii) gene X
environment interactions. These different interac-
tions could modulate the expression of genetic
variations and, in turn, hamper the identification of
genes involved in psychiatric diseases.

New strategies and new pitfalls

In response to these analyses, new strategies and
recommendations were defined for future genetic
studies.

1. ‘More’: the first strategy to avoid false-positives
was to encourage studies on larger samples of
subjects and to replicate the finding in more
populations, preferentially in a different ethnic
genetic background. In addition, the use of
more polymorphisms in the same gene was
recommended in order to work on haplotype
rather than on individual markers, less likely to
have functional relevance unless this has been
independently proved (e.g., non-synonymous
mutation in the coding part of the gene).
Regarding statistics, by contrast with classical
linkage studies, non-parametric studies were
preferred (e.g., sib-pairs studies) as well as
intra-familial association studies (transmission
disequilibrium test), that minimize the risk of
stratification bias compared to population-
based association studies. Yet, those strategies
raise the question that large populations might
have less homogeneous origins and/or could
hamper the identification of rare familial forms.
In addition, although statistics on larger num-
bers are more reliable, they remain informative
rather than demonstrative, since they give no
pathophysiological explanations.

2. Numerous studies have directly addressed the
question of the clinical definition with the use
of endophenotypes or intermediate phenotypes.
Three papers are emblematic in this regard.
Using P50 modulation in schizophrenia, Freed-
man et al. (1997) provided the earliest demon-
stration in psychiatry that neurophysiological
characteristics could be more informative that
diagnosis. Indeed, while they did not find a
linkage with schizophrenia using a marker
located in chromosome 15 (location of a7
nicotinic receptor), there was a significant
linkage when the ratio of P50 amplitudes was
used to qualify the clinical status of the subjects
(whether or not affected). Using a functional
gene variant of COMT (Vall08/158Met) that
modulates the level of dopamine, Egan et al.
found an association with performance in the
Wisconsin Card Sorting Test, reflecting
prefrontal function (2001). This was true
in patients with schizophrenia, their relatives
but also in ‘normal’ controls. Lastly, exploring
a functional variant in the BDNF gene
(Vale6Met), homozygous subjects for the
‘Met’ allele displayed poorer episodic memory
and abnormal hippocampal activation, while



there was no association with schizophrenia
(Egan et al. 2003).

These results are particularly informative
because they give ‘sense’ to the genetic findings
through the functional consequences. Never-
theless, the question remains whether they are
really related to the diseases or whether they
are modifier genes that confer specific charac-
teristics, whatever the disease or the status
(affected or not). In line with that, there is
compelling evidence that BDNF could be
associated with age at onset in various neuro-
psychiatric diseases (Krebs et al. 2000; Kunugi
et al. 2001; Millet et al. 2002; Ribases et al.
2004) or that the polymorphism of the seroto-
nin transporter 5HTTLPR is associated
with violent behaviour in different conditions
(Hallikainen et al. 1999; Bondy et al. 2000;
Courtet et al. 2001; Bayle et al. 2003).

. More recently, together with the advances of
biotechnologies, emphasis was given to con-
vergent strategies.

Not only should genetic studies consider
chromosomal approaches, linkage and candi-
date gene strategies together with relevant
phenotypes, but they should be replaced in
the context of knowledge stemming from
post-mortem and micro-array studies, animal
models, and any evidence for functional con-
sequence of the genetic variation (e.g., mod-
ification in the expression of peripheral factors
or functional brain imaging). Indeed, recent
findings in genetics make sense because they
are consistent with neurobiological studies
and with post-mortem studies (reviewed in
Harrison and Weinberger 2004; Harrison and
Owen 2003). In line with this, neuregulin
(NRG1), dysbindin (DTNBPI), G72, DAAO,
RGS4, COMT, and PRODH can all be inte-
grated with regard to their function in the
glutamatergic synapse and, thus, join the
glutamatergic hypothesis of schizophrenia. On
the other hand, MECP2 (methyl-CpG-binding
domain) and neuroligins, involved in Rett
syndrome, autism and related disorders, could
involved in synapse modulation or maintenance
(Zhoghbi 2003).

This strategy implies either to reconstruct the
model on the basis of the identified genes, or to
direct the genetic studies based on functional
studies. The risk is then to miss unexpected
candidates or to miss human-specific regulation
while working in animal model.

. As stressed above, gene are not isolated in the
aetiology of psychiatric disorders and the
gene X environment interaction should be con-
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sidered (Tsuang 2000). This implies to use
both genetics and epidemiology. For example,
SHTT gene variants appear to modulate the
influence of life stress on depression (Caspi
et al. 2003). These kinds of approach are the
subject of numerous biases that should be
carefully examined (population bias, recruit-
ment bias, follow up bias, etc.). They bring,
however, new and meaningful results on
individual vulnerability to the environment.

Where do we go?

The overall evaluation of the current situation
should not be pessimistic. Some genes have un-
doubtedly been identified, which are involved in
schizophrenia, anorexia, autism, etc. In addition,
there is compelling evidence underscoring the role of
common dysfunctional pathways in several major
psychiatric disorders ‘meeting at the synapse’ and
making the neuronal and/or synapse plasticity as the
core of the problem (Harrison and Owen 2003;
Zoghbi 2003).

In the future, we will need to differentiate the
genes in relation with what they are responsible for:
vulnerability to overall mental disorders? specific
vulnerability? progression of the disease? This
implies, in particular, to identify the genes that
differentiate the patients from their unaffected
siblings and the processes by which they interact
with early or late environment to trigger disease
progression. This could lead in turn to new thera-
peutic as well as preventive strategies.

Genetic has provided new dreams about the
complexity and superiority of Mankind, in relation
to the complexity of the central nervous system. Yet,
with only 25,000 genes, our genome is far more
restricted than initially thought and, actually, not
very different from the ancestral genome of the
worm C. elegans. Partially compensating this relative
deficit, most genes are expressed in the brain.

However, there is increasing evidence that every-
thing is not directly in the code. There are other
levels of regulation that should not be forgotten
(Strohman 2002). Firstly, genes are included in a
protein complex that influences the accessibility of
the genome, for example, for the enzymes respon-
sible for transcription, duplication, etc. Secondly,
the functional state of a segment of chromosome is
determined by acetylation, methylation, phosphor-
ylation, ubiquitination and ribosylation of the amino
acids of the histone tails. Lastly, the DNA sequence
itself can be modified by cytosine methylation.

From genotype to phenotype, the levels of
regulation also include epigenetic regulation of
gene expression, post-translational modification
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of proteins, metabolic networks of glycosis and
mitochondrial  oxidation—-reduction  (Strohman
2002).

Epigenetic regulation (and in particular methyla-
tion) is in particular underscored as an important
key in the genetics of psychiatric disorders (Pantelis
2003; Abdolmaleky et al. 2004). Epigenetic metast-
ability might shed light on various non-Mendelian
irregularities and help address a series of issues
that cannot be explained by traditional genetics.
Monozygotic twins discordance might be due to
differential epigenetic modification between the
twins. Parent of origin transmission could be related
to transmission of specific modifications of DNA
and histones. The effect of the environment might
be via modification of the epigenetic status. The
gender difference could be related to differential
effects of androgens and estrogens on epigenetic
regulations. The phenotypic variability over time
could result from the changes induced by environ-
ment and developmental events. Lastly, remission
and relapse fluctuations can be related to age- or
treatment-related epigenetic changes.

In conclusion, we should be aware that genetics
alone will not solve the problems of the aetiological
origin of psychiatric disorders, yet we need genetics
to understand the pathophysiology of psychiatric
diseases. This underscores the need for more inte-
grated genetics with adapted phenotypic, biological
and brain imaging strategy. While we are still in the
‘genome era’, we shall already turn towards the post-
genome era that might help us to understand
inconsistency of classical genetic models.
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Abstract

Ethical issues in biological psychiatry are framed by (i) progress in the neurosciences, and (ii) a changing socio-cultural
context. With regard to forthcoming neurotechniques to modify specifically defined brain functions by pharmacological
substances with selective effects, by activating neuroplasticity including neurogenesis, or by implantation of neuronal tissues
or computer—brain interfaces, etc., ethical problems will develop (i) at the border between therapy of diseases and
enhancement of abilities in healthy people with regard to effects on society (e.g., social justice: equal access, loss of societal
diversity) as well as on human value systems (e.g., personality, efforts, conditio humana), and (ii) at the border between
the medical system and the wellness market with regard to financing what by whom? Ethical dilemmas in psychiatry develop
(1) between the individual’s best and the common good (demanded from ouzside medicine), (ii) among different ethical
principles (inside medicine), iii) if solutions are influenced by personal reasons without observing ethical principles. Ethical
guidelines are necessary for ethical orientation, but may protect against misconduct only (i) if psychiatrists are educated in
ethics and (ii) if psychiatric acting is under continuous debate (by ethical review boards or the public). Thus, if we
psychiatrists will become ethically sensitive by reflecting and perhaps solving our current ethical dilemmas we will be
prepared to deal with forthcoming ethical issues in biological psychiatry.

Key words: Ethical dilemmas, clinical research, neurotechniques, genetic prediction, enhancement

Prologue with the application of neuroscientific knowledge in
the diagnosis and treatment of patients with brain
diseases or functional brain disturbances. There is a
considerable research demand for these disorders,
due to their high frequency, long duration, disabling
consequences, and unsatisfactory or non-existent
treatment possibilities. Such indispensable research
with patients implies the basic ethical problem of
tension between respect of autonomy and the best
interest of the ill individual and the likewise ethically
justified demand for scientifically flawless research in
recognition, prevention, elimination, or attenuation

Forthcoming ethical issues in biological psychiatry
are, first, unsolved ethical problems of our time and,
second, ethical problems which may be expected in
the future due both to progress in the neurosciences
and to changes of the social context of psychiatry.
Psychiatric ethics can be seen as the application of
general ethical norms to psychiatric dealings with
psychically ill persons. Thus, the prevailing moral
principles in a society, as well as their change, will
influence the recognition and solution of ethical

problems in psychiatry. Their differentiated recogni-
tion may be increased by growing sensitivity, but
generally accepted solutions become more and more
difficult in increasingly multicultural societies where
a generally binding value system no longer seems to
exist.

Forthcoming ethical issues in biological psychiatry
will be caused by the progress of the neurosciences.
Biological psychiatry deals with neuroscientific gain
of knowledge by research with patients, as well as

of disability and suffering determined by disease.
Demand for research nowadays also results from
an increasing orientation of insurance companies
towards scientifically proven evidence of the efficacy
and safety of medical interventions: ‘evidence-based
medicine’. The increasing potential to modify
specifically the brain functions and thus possibly
the self of human beings will result in new ethical
problems in the future, e.g., those which are related
to the separation of therapy from enhancement.
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Let wus briefly consider contemporary (III)
and future (IV) major ethical issues in biological
psychiatry between a changing socio-cultural con-
text (I) and progress in the neurosciences (II).

I. Socio-cultural context of psychiatry

The socio-cultural context of psychiatry exerts its
influence not only on the awareness of ethical
problems, but also creates most of them, particularly
by a variety of dynamic forces driving the develop-
ment of psychiatry. To name only three:

Public attitudes

Public attitudes have a strong impact on psychiatric
practice and research as well. The growing recogni-
tion of human and civil rights, of the concepts of
human dignity, autonomy and freedom, have made
the care of and research with psychiatric patients
more humane, but also in some sense more difficult
and more bureaucratic. The cornerstone of this
development is the legal concept of informed consent.
This requires specific attention in psychiatry because
all major psychiatric diseases may impair the capa-
city to consent. Some exaggerations, such as the
denial of psychiatric diseases and accusations of
psychiatric misconduct by the antipsychiatric move-
ment of the past decades, activated much distrust
among the public and patients against psychiatry,
especially its biological orientation, which hampered
psychiatric research: young psychiatrists turned their
backs on biological research or even on any clinical
research in psychiatry; and recruitment of patients
became a cumbersome enterprise. However, the
public as well as the professional sensibility towards
ethical problems in psychiatry has increased con-
siderably. These attitudes, of course, had and have
an impact on politics and legal actions for special
laws and administrative directives.

To be more specific: continuously recognized and
discussed in public is the ethical question of justice,
i.e. a fair distribution of benefits and risks, especially
in the relationship between the individual’s best
interest and the common good. The answers given
depend upon the public attitudes towards the values
of individual freedom and autonomy versus the
values of community and solidarity.

Economical and financial consequences of social crises

Economical and financial consequences of social
crises, e.g., after World War I in Germany or
nowadays world-wide due to the current critical
transition of social systems, exaggerate negative
public attitudes against the mentally ill and the
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financing of their care. Financial restrictions and
their consequences increasingly impair medical de-
cisions in practice and research.

1. Thus, e.g., a fixed budget for the prescription
of drugs places the psychiatrist in practice
between two risks: to use a cheap neuroleptic
with the risk of tardive dyskinesia (for which he
may be held liable), or to prescribe an expen-
sive antipsychotic drug without the potential of
tardive dyskinesia but with the risk of being
taken into recourse by an insurance company.

2. In research (and medical education) an upward
tendency of sponsoring can be observed. Such
co-operation between industry (or even govern-
ments) and psychiatrists is needed, because
psychiatrists have the patients and the experi-
ence with the clinical effects of drugs and the
industry has the financial means for research
which are needed due to its enormous costs
and also to the cutting of public financing.
However, this co-operation may also impair the
independence of psychiatrists’ decisions towards
the individual patient as well as that of his
judgement both in clinical practice and in
research (WEFSBP 2004).

Demographics

Demographic changes with rapidly increasing life
expectancy and growth of the old segment of the
population raises the frequency of diseases asso-
ciated with old age, specifically neurodegenerative
diseases, e.g., Alzheimer dementia. Dealing with
these patients who frequently have lost the compe-
tency to consent raises ethical questions with
regard to:

1. care, e.g., counselling (about what, when, to
whom, how?) and substituted decision making
(the validity of advance directives?), and

2. research because such research without in-
formed consent, the basic requirement for all
research with human beings, is legally not
admissible in most countries and is ethically
considered highly questionable.

II. Scientific progress

The other source of possibly forthcoming ethical
problems in biological psychiatry is the progress of
the neurosciences. It is driven by the demand of the
public for better medicine and the desire of physi-
cians to improve their capacity to help as well as by
the curiosity of researchers — and today more than
ever by the social mechanisms of modern science. To
name only two examples:
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1. The increasing rigor of scientific methodology
may impair the best interest of research patients
by burdening them not only with inconve-
niences, e.g., the uncertainties of randomiza-
tion or blindness in testing, but also with
possible disadvantages due to the application
of placebo controls.

Such inconveniencies or disadvantages may
be: (i) undermining the trust of patients who
wish to receive the individually best treatment
and not a therapy by chance (randomization)
or by blindness of the doctor (double blind);
(i1) incomplete information in order to avoid a
high primary drop-out rate with the conse-
quence of recruiting a population with selection
bias; (iii) withholding an effective treatment by
administering a placebo.

2. Generic knowledge, which may lead to indivi-
dual risk profiles, is seen as threatening con-
fidentialiry, particularly toward insurance
companies or employers; industrial companies
also have a legitimate interest to keep their data
confidential in order to protect their knowledge
against competing companies (at least until
they have the protection of a patent). On the
other hand, strong protection of confidentiality
may hamper needed epidemiological research
(Ward et al. 2004).

III. Unsolved contemporary ethical issues in
biological psychiatry

Due to the fact that ethical issues intensely depend
on long-lived habits and attitudes in society, some of
today’s unsolved major ethical problems in psychia-
try will continue to occupy psychiatrists into the near
future. Examples are:

Research with patients unable to give informed consent

There is a demand for research with patients lacking
the capacity to give informed consent in a variety of
medical disciplines including psychiatry. Psychiatric
examples are studies needed to improve the treat-
ment of acute manic patients, many of whom are
not able to consent, or studies of biological determi-
nants of the progression of Alzheimer’s disease as a
prerequisite in developing causal treatments.

The basic ethical problem is the lack of informed
consent to research that may improve the ill condi-
tion and by that the impaired or even lost capacity to
consent. In such cases research with potentially
direct benefit and at most low risks for the incom-
petent research patient, mainly so-called therapeutic
research, is ethically acceptable and legally admis-
sible in most countries if informed consent is

substituted by a specific advance directive or a legal
guardian. However, this becomes doubtful if such a
substitute does not exist or is not possible. Even
more, research with incompetent patients is con-
troversial if no immediate benefit for the research
patient can be expected. Research with such patients
is not permissible according to a deontological
position stating that the highly personal right of
self-determination in matters of health cannot be
assigned to others. On the other hand, a consequen-
tialistic position says that research with incompetent
patients may be ethically acceptable if an essential
benefit for the group of patients with the included
patient’s condition or disease can be expected, and if
the risk for him is no more than minimal. In the
latter case a future task is to establish and implement
criteria and procedures for research indications and
subject protection under which such research may be
ethically acceptable — if at all (Helmchen 2000,
2002).

A prior problem and one to be solved in the
immediate future is the ovalid assessment of the
capacity to consent. This is ethically relevant
because incorrect estimations either lead to an
invalid consent and leave the responsibility for
decisions with an incompetent patient or else dis-
criminate against a competent patient.

The currently used technique is a rough clinical
estimation based on impression. At best it will ask
the patient for his understanding of the information
on the planned project given to him, i.e. what will be
done (aim, procedure, expected benefits and risks),
why will it be done, what does it mean for him. The
use of standardized tests, such as the McArthur Test
Battery (Appelbaum et al. 1995), is time-consuming
and its specificity is insufficient (Vollmann et al.
2003, 2004).

Placebo-controlled trials

The methodology of scientific proof of new treat-
ments particularly by randomized and placebo-
controlled clinical trials as the gold standard has raised
unsolved ethical questions, such as informed consent
with regard to full information on randomization
and blindness, or particularly the recent controver-
sial debate between representatives of a ‘placebo
orthodoxy’ against those of an ‘active control ortho-
doxy’. The core of this debate is the question of
whether it is ethically acceptable to withhold an
effective treatment in order to have, by means of a
placebo control, the best scientific methodology for
the proof of the effectiveness of a new treatment.
Finally, the ethical problem is the weighing of
the individual patients’ best interests against the
common good; the latter to protect is the duty of the



authorities in licensing only effective and safe treat-
ments for the market.

Research sponsored by industry

Relationships between psychiatrists and the pharma-
ceutical industry have increased in frequency and
intensity, both on the individual level and particu-
larly on the institutional level (Bekelman et al.
2003). They extend from necessary and desirable
co-operation through questionable practices to un-
acceptable misconduct. The problem of an inad-
missible influence from industry on the research
physician’s academic freedom in thinking indepen-
dently and judging objectively is growing because of
an increasing interweaving of industry and medicine,
and is aggravated by the present decrease of public
financing of academic institutions in many countries.

The following citations call attention to this
development: ‘... profoundly changing relationships
with the world of commerce’ by an increasing
‘transfer of academic scientific discoveries into
practice. In so doing it has increased the flow of
revenues from patenting and licensing activity into
research institutions and their faculties, thereby
creating a positive feedback loop that drives the
interest of both toward a more vigorous commercia-
lisation of their intellectual property, while arguably
creating a new and perhaps dangerous dependency
on it. The result has been deepening entanglement
of research universities with industry and progressive
blurring of the boundaries that once reasonably,
albeit not perfectly, demarcated academic interests
and values from those of the world of commerce’
(Korn 2000). In one article of the New England
Fournal of Medicine (NEFM) the editor decided
merely to summarise because ‘the author’s ties
with companies that make antidepressant drugs
were so intensive that it would have used too much
space to disclose them fully’ (Angell 2000). In 2000
and 2001, the editors of the NEF¥M could publish
only one Drug Therapy article on a novel form of
treatment due to the very restrictive requirements for
disclosure of financial interests: ‘because the essence
of reviews and editorials is selection and interpreta-
tion of the literature, the Fournal expects that
authors of such articles will not have any financial
interest in a company (or its competitor) that makes
a product discussed in the article’. This constraint
was thought to deprive the readers of the Journal
from ‘authoritative review articles written ...by the
best possible authors’, and would make physicians
find ‘that pharmaceutical companies become their
chief source of information about new therapies.
Therefore, the editors modified the above cited
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statement by adding the one word ‘significant’
between ‘any’ and ‘financial’ (Drazen et al. 2002).

The decrease of public financing encourages
academic institutions and their employees to apply
for sponsorships. However, the developing relation-
ships between academic institutions and industrial
companies are a fairly unclear area, a ‘totally
unexplored terrain’ (Korn 2002), with almost no
explicit rules for stiturional relationships to indus-
try (Korn 2000; Shalala 2000). Although the vast
majority (89%) of 89 biomedical research institu-
tions receiving the most NIH funding in 1998 at
least had a mechanism for disclosure to the institu-
tion, ‘only 19% had specific prohibitions or limita-
tions of activities related to research or teaching, and
38% had institutional committees to review conflicts
of interest’ (Cho et al. 2000, cited in DeAngelis
2000). Examples of guidelines are: Association of
American Medical Colleges (AAMC) 1990: ‘Guide-
lines for Dealing with Faculty Conflicts of Commit-
ment and Conflicts of Interest in Research’; Faculty
of Medicine Harvard University 1996/2000: ‘Fa-
culty Policies on Integrity in Science’; American
Society of Gene Therapy (ASGT) 2000 on ‘Finan-
cial Conflicts of Interest in Clinical Research’, or a
seminar by NIH 2002 on ‘Conflicts of Interest: An
Overview for Administrators’.

This is especially relevant for biological psychiatry
because major sponsors in psychiatry are drug
companies. Recognition of all ethical implications
of this growing interweaving of industry and biolo-
gical psychiatry is a present task which should be
solved in the near future in order to implement
mechanisms against misconduct. Cases of miscon-
duct have provoked a lively discussion and have
initiated recommendations as well as guidelines by
psychiatric associations, e.g., the WPA, the RCP,
and also this Federation (WFSBP 2004). Their aim
is to safeguard the integrity of both psychiatrists and
industry and to avoid endangering the relationship
berween the physician and the patient.

An example of an adverse industrial influence on
research 1is publication bias. This means mainly
underreporting of side-effects or of negative find-
ings. It results in a skewed basis for evaluation of the
pros and cons of an intended clinical trial and
impairs the balance (equipoise) of expected benefits
and risks as a fundamental prerequisite of every trial.
This violates Principle 27 of the Declaration of
Helsinki (‘Negative as well as positive results should
be published or otherwise available’), and, worse,
the right of the patient to expect that the design
of a clinical trial ‘has been informed by a scientifi-
cally defensible review of what is known already’.
Therefore, publication of all results of clinical trials
is an obligation of clinical investigators as well as
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of funding agencies, not the least because such
‘public dissemination recognizes the altruistic moti-
vation of patients who agree to participate’. Accord-
ingly, underreporting of research is deemed to be a
form of scientific as well as of ethical misconduct
(Chalmers 1990, 2002). The recently published
appeal of editors of leading medical journals for
complete registration of all clinical trials with full
access by the public indicates that this problem and
the intrinsic ethical issue has not yet been solved by
any means and thus is an ongoing one (De Angelis
et al. 2004).

Psychiatric research in developing countries

Research is growing in developing countries.
Because at present some of these countries do not
have their own research structure, drug trials
(including those of psychotropic drugs) mainly will
be realized by or are at least under control of
companies from the developed world. This and
related ethical issues are a growing field as referred
to in the recently published review of the Nuffield
Council on Bioethics (2002). However, due to
shortage of time I can only mention this in passing
(see also Macklin 2001).

IV. Forthcoming ethical issues in psychiatry

Based on currently far-reaching developments in
science and society, some ethical issues in biological
psychiatry can be expected to play a major role in the
future. To give some examples:

Genetic prediction of risks

The incredibly fast evolvement of genetics has given
evidence that research has to go a long way to
discover a molecular genetic basis of psychiatric
disorders, because most of them are of polygenic
origin, and the understanding of the morbogenic
interaction of genes is just in the very early stages.
Therefore,

1. the marketing of genetic tests for the risk of
psychiatric diseases, such as Alzheimer demen-
tia, is not only much too early but ethically
more than questionable, because the lay user of
such a test either will be insufficiently informed
about or cannot process the probabilities of
the test result. Even future considerable
improvement of such tests will demand sound
interpretation of test results by a geneticist or
psychiatrist. Even more ethically doubtful is
genetic testing for the risk of dementia in
sporadic types of dementia as long as there is
no clearly effective causal therapy available.

2. More specifically, promises of a so-called in-

dividually ‘tailored’ drug treatment according
to the individual genetic profile has been
criticized as a ‘myth of individualization’
(Feuerstein et al. 2003). However, some find-
ings suggest that, in a not so distant future,
pharmacogenetics (and pharmacogenomics)
may uncover genetic variations that could
predict treatment response, i.e. outcome and
specific side-effects.

For example, recently a cluster of gene
variants conferring susceptibility to tardive
dyskinisia (TD) was found which accounted
for >50% of the variance in risk for TD. This
resembles the predictive power of cardiac
enzymes for detecting myocardial infarction.
Accordingly, it would be very helpful for the
psychiatrist to have a predictive test for the risk
of TD at his disposal in order to protect his
patient against this severe and frequent side-
effect, by selecting an antipsychotic drug with-
out this potential for a patient at risk. However,
the development of such a test is expensive, and
industry seems not to be interested in funding
such a study (Miiller et al. 2004).

This is also an ethical issue: it should be the
responsibility of companies that sell antipsy-
chotic drugs with the potential of inducing TD
to reduce this risk in the best possible way.
Along the way, the necessary high investment
may be paid back by improving a company’s
image as a responsible one, and, furthermore,
by conveying the message to the public that it is
not only the drug but its interaction with
individual dispositions that must be considered.

. The case of Hunungron’s chorea demonstrates

how psychiatry deals with an increase in knowl-
edge. Today the carrier of the pathogenic gene
can be definitely diagnosed presymptomati-
cally. This predictive testing raises ethical ques-
tions, such as: How will the life of a young
member of a Huntington family be influenced
by the information that he is a carrier of the
gene and will become ill in some years? Or, the
other way around: How will the uncertainty
burden his life that he, as an offspring of an ill
parent, has a 50% risk of contracting the
disease? Some members of Huntington families
will clear themselves of this uncertainty by the
test. Others do not wish to lose, by testing, the
hope of not being a carrier. Therefore geneti-
cists, together with psychologists and psychia-
trists, have developed rules for counselling
members of families concerned.

Further ethical problems result from the fact
that the test can also be applied to the unborn. A



positive result will raise the question of abor-
tion. Many parents refuse abortion, hoping for
three or four decades of a healthy life for their
child; particularly the handicapped refuse abor-
tion on the grounds that they understand such
a consequence of the test as negative eugenics,
and experience it as a potential threat against
their own existence, and as discrimination.
Taken the other way around, the delivery of
such a child yields the ethically questionable
result that the test has been realized without the
informed consent of the person concerned.
Therefore, this prenatal testing will be done
only exceptionally.

4. Confidentialiry of individual genetic data is of
high concern to the public. Secrecy of these
data is, of course, an ethical obligation of the
physician in order to preserve the patient’s
trust as the basis of obtaining all relevant
data for diagnosis and treatment. But there
are also strong demands, particularly from
epidemiological researchers for access to such
data in order to gain new knowledge for
prevention, diagnosis, or treatment of diseases,
i.e. for a common good. The prerequisite of
informed consent for such access often cannot
be realized, or is liable to a strong selection bias.
The future will show whether procedures of
protecting anonymity can be found which are
safe enough to exclude an erosion of confiden-
tiality. Only if the public is convinced of the
confidentiality of individual data will the readi-
ness increase for giving informed consent. An
alternative is the legal decision of a community
that such data can be used without informed
consent — taking corresponding safeguards for
granted.

5. An example is the Icelandic National Database
Law from 1998. This shows the significance of
conceptually framing the context of an inter-
vention. To make it concise, I quote from the
just published book Twentieth Century Ethics of
Human Subjects Research:

The project involves collecting data from the
complete Icelandic population in order to analyze
the genetic components of a number of diseases. It
thus aims at the production of new knowledge,
which could lead to new methods of intervention,
and which might appropriately be categorized as
research involving human subjects. Were one to
treat this as an experiment that fell under the
guidelines set by the Declaration of Helsinki, all
the individuals involved, i.e. the “experimental
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subjects” would have to give their informed
consent to the experiment, and would have to
have the opportunity to withdraw at any time from
the project. However, in the debates preceding the
legislation necessary to establish the database, the
protagonists of the project brought forward an
alternative interpretation. They suggested that it
could be conceptualised in terms of establishing a
database for purposes of health policy and man-
agement. Viewed from this perspective, the ethical
issues raised by the project were those of privacy
and data security, and questions about the
informed consent of the participants and their
right to withdraw became secondary. The negotia-
tions over the wording of the legislation may thus
be seen as a story of negotiating interpretations,
and redefining terminologies. This illustrates the
significance of conceptual categories for the his-
tory of research ethics, but also for framing of
present day ethical debates. (Roelcke 2004)

Such conceptual framing is guided by a hierarchy of
values, such as individual versus common good, or
physician as therapist versus physician as researcher.

Modification of brain functioning

Systematic therapeutic modification of pathological
brain functioning was started almost 90 years ago
with malaria-induced fever, followed by the so-called
shock therapies in the 1930s, and psychosurgery in
the 1940s. The effectiveness of some of these
treatments, particularly of malaria therapy against
progressive palsy and ECT against depression, con-
vinced most psychiatrists, and led to their spread all
over the world within a few years. Nevertheless, the
Nobel Prize Committee hesitated for several years to
award the prize to the inventor of the malaria
treatment, the Viennese psychiatrist Wagner von
Jauregg, the only psychiatrist to win the Nobel Prize,
because the psychiatrist member of the committee
considered him to be a criminal, since four of the
first ten patients died during the course of the
malaria therapy (Wagner v. Fauregg 1950). Ottosson
and Fink have just published a convincing book on
ethical dilemmas with ECT. The main conclusion is
that ECT today is the most effective and safe
treatment against special conditions but the princi-
ple of justice, i.e. the equal access to it, is widely
violated (Ottosson et al. 2004).

Nowadays all of these treatments, except ECT, are
obsolete, mainly because of severe side effects. This
is due to the fact that these treatments are apparently
very unspecific and rough interventions into the
brain, and that the psychotropic drugs coming into
use since the early 1950s have been safer and have
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promised to be more specific. Up to now the
development of psychotropic drugs based biological
psychiatry on a steadily growing, tremendous new
knowledge of brain chemistry and brain function.
The implied ethical issues are manifold and have
been more or less recognized since the beginning of
this development, but will demand solutions again
and again with the introduction of new techniques.
According to the psychiatric historian Musto ‘the
physician’s desire to provide quick, effective, eco-
nomical care, overconfidence about the potential of
new technologies to treat intractable diseases, and
public enthusiasm’ have led, and with every promis-
ing new intervention may lead again, to overuse and
misuse. This conflicts with the best interests of
patients as well as with the ethical principle of
non-maleficence. These ethical issues will also be
inherent to the development of new biological
treatments based on specific brain interventions.

1. The term neurotechnology comprises new tech-
niques to modify specifically more or less
defined brain functions by pharmacological
substances, or by activating neuronal stem cells
for neurogenesis or specific cerebral areas by
transcranial magnetic stimulation (TMS), or by
implantation of neuronal tissues or computer—
brain interfaces. The hope for the near future is
to gain more specificity by defining targets for
interventions on the molecular level or on the
level of neuronal systems (Elger et al. 2004)
that will improve the so-called therapeutic
breadth, i.e. the relationship between efficacy
and side effects.

Such interventions will be not only primarily
biological ones but also psychological or social
ones. They will be based on knowledge of
environmental interactions with the brain,
e.g., changing the expression of genes by
specific sensorial stimuli, or by traumatic stress,
or by specific types of psychotherapy. Ethical
issues with such interventions, particularly
those into the developing brain and with long-
lasting effects, may concern the values involved,
e.g., the image of man, the self-recognition of
personal identity, the tension between reduc-
tionistic and integrated approaches, the ques-
tion of misuse, among possible others. In any
case, such developments must be scrutinized
with regard to possible new ethical issues.

In order to avoid an uninformed and emo-
tionalized public discussion, scientists, includ-
ing psychiatrists, should initiate a public debate
aiming at informing the public of the knowl-
edge we have about interventions, and of their
benefits, risks, and limits. When we do this, we

should clearly separate the empirical facts from
their moral evaluation. Furthermore, there is
another line to be observed: the border between
treatment of diseases of the ill and enhance-
ment of the abilities of healthy people, i.e.
between the so-called health system and the
rapidly growing life style and wellness market.

2. Nevertheless, due to this unregulated grey
zone, industry tries to participate increasingly
in the huge financial cake of the so-called health
system by convincing physicians and the public
as well of the new promising chances to prevent
diseases by biological means, e.g., by functional
foods (e.g., nutrigenomics), and particularly by
measures of both compensating minor somatic
or psychic disadvantages (e.g., blemishes or
shyness) and enhancing human capabilities and
strengths (e.g., cognitive efficiency or creativ-
ity). This evolving instrumentalisation of one’s
own body is a fundamental ethical issue ques-
tioning the underlying image of man as well as
its compensation from solidarity systems.
There are difficulties in establishing clearly
the line between therapeutic and enhancing
procedures in cosmetic surgery, Or Sports
medicine, or interventions against infertility or
minor difficulties in memory or impulse control
or problem solving. And there are many
uncertainties about empirical facts: What
are the effects of a badly wanted substance
against memory disturbances, e.g. MEM 1414
(a molecule which ‘increases CREB (the cAMP
response element-binding protein) that, in
turn, activates genes to produce proteins that
strengthen the synapse’ (E Kandel in Farah
et al. 2004) in healthy people? Will continu-
ously present bad memories diminish their
coping capacity, or strengthen a desire to block
them by another substance? What is the (long-
term) safety of such drugs as methylphenidate
or modafinil in healthy people, e.g., the ques-
tion of dependency or of a premature cognitive
decline in old age? Should the safety of such
cognitive doping be proven and access be con-
trolled? Are the ethical implications of cognitive
enhancement at least as serious as those of
somatic doping in sports?

Self manipulation of human beings has been
known for thousands of years, e.g., by psychotropic
substances such as vegetable alkaloids, nicotine or
alcohol, or by psychological methods such as med-
itation. However, it seems to be a new stage in
the development of mankind that the human being
is now capable of deliberately and specifically
manipulating his own brain function with perhaps



long-lasting effects. The issue of enhancement
entered into the discussion when it was found
that methylphenidate not only was successful in
young people with attention deficit—hyperactivity
disorder (ADHD), but also enhanced cognitive
abilities such as problem solving in healthy people.
Thus, up to one-third of students in some schools in
the United States use it, and healthy students in
colleges do so as well. In the meantime it is an issue
of increasing concern. The New York Academy of
Sciences held a meeting on this topic in June 2003
and published the results in May 2004 (Farah et al.
2004).

Will the availability of cognitive enhancement
exert an incentive for its use in order to enable
one’s self to compete successfully with other stu-
dents or colleagues? Will such cognitive doping
decrease the diversity of populations (Butcher
2003)? Will it intensify or diminish social inequality,
either because only wealthy people can afford it or
because its distribution to all may be cheaper than
higher education for all? Would it be ethical to
burden financing systems that are based on solidarity
against diseases with costs for cognitive doping for
healthy people? How will cognitive enhancement
affect ‘our understanding of what it means to be a
person, ... to do meaningful work, and to value life
in all its imperfection’ (Farah et al. 2004). There-
fore, the ethical implications of enhancing mental or
psychic strengths will become a major ethical issue in
the future of psychiatry.

Analogously, anti-aging will also become a major
topic with relevance for psychiatry. In a recent
discussion of pro and con arguments about anti-
aging, the former arguments were judged more
important than the latter (Mackay 2003). Some
biogerontologists foresee a postaging world in which
aging will be ‘under the same degree of control that
we currently have over most infectious diseases’.
They declare the refusal of such ideas as irrational
(de Grey 2004). However, such C‘irrational’ ideas
concern the human condition (conditio humana),
e.g., repercussions of the concept of the finiteness of
life on the individual life course. Reflections on the
human condition are deeply rooted and will change
only very slowly if a fundamental change in the
human condition may perhaps develop in the very
distant future.
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