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REVIEW ARTICLE

MECHANISMS OF DISEASE

Major Depressive Disorder

R.H. Belmaker, M.D., and Galila Agam, Ph.D.

EPRESSION IS RELATED TO THE NORMAL EMOTIONS OF SADNESS AND

bereavement, but it does not remit when the external cause of these emo-

tions dissipates, and it is disproportionate to their cause. Classic severe states
of depression often have no external precipitating cause. It is difficult, however, to
draw clear distinctions between depressions with and those without psychosocial
precipitating events.* The diagnosis of major depressive disorder requires a distinct
change of mood, characterized by sadness or irritability and accompanied by at least
several psychophysiological changes, such as disturbances in sleep, appetite, or sex-
ual desire; constipation; loss of the ability to experience pleasure in work or with
friends; crying; suicidal thoughts; and slowing of speech and action. These chang-
es must last a minimum of 2 weeks and interfere considerably with work and fam-
ily relations. On the basis of this broad definition, the lifetime incidence of depres-
sion in the United States is more than 12% in men and 20% in women.? Some have
advocated a much narrower definition of severe depression, which they call melan-
cholia or vital depression.?

A small percentage of patients with major depression have had or will have manic
episodes consisting of hyperactivity, euphoria, and an increase in pleasure seeking.
Although some pathogenetic mechanisms in these cases and in cases of major depres-
sive disorder overlap, a history of mania defines a distinct illness termed bipolar dis-
order.*

Depression is a heterogeneous disorder with a highly variable course, an inconsis-
tent response to treatment, and no established mechanism. This review presents the
major current approaches to understanding the biologic mechanisms of major de-
pression.

GENETICS

Studies comparing concordance rates for major depression between monozygotic and
dizygotic twins suggest a heritability of about 37%,> which is much lower than the
heritability of bipolar disorder or schizophrenia. Some aspects of the normal person-
ality, such as avoidance of harm, anxiousness, and pessimism, are also partly heritable.®
Kendler et al.” showed that although depression is due in part to heritable depression-
prone personality traits, it is also the result of heritable factors that are independent
of personality. Early-onset, severe, and recurrent depression may have a higher heri-
tability than other forms of depression.? It is clear from studies of families that major
depression is not caused by any single gene but is a disease with complex genetic fea-
tures. Studies of pedigrees with multiple cases of major depression have identified
chromosomal regions with linkage to the disorder, and some of these loci have been
replicated in more than one study, although no single chromosomal region has been
replicated in every family study of genetic linkage in depression. Holmans et al.° found
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evidence of linkage of recurrent, early-onset de-
pression to chromosome 15q25-q26, but the pop-
ulation attributable risk was small.

No specific molecular risk factor has been reli-
ably identified. One common polymorphic variant
of the serotonin-transporter-linked polymorphic
region (5-HTTLPR), which affects the promoter of
the serotonin-transporter gene, causes reduced
uptake of the neurotransmitter serotonin into the
presynaptic cells in the brain.*® Some studies have
shown that this polymorphism confers a predis-
position to depression,** but it also confers a pre-
disposition to an anxious and pessimistic person-
ality.1® Brain imaging reveals functional differences
in emotion-related areas of the brain among car-
riers of the different common polymorphisms of
S-HTTLPR,*? although a direct relation to depres-
sion is unclear. In a large, prospective epidemio-
logic study, Caspi et al.** found that 5-HTTLPR
predicted depression only in association with de-
fined life stresses. Some environmental factors
could confer a predisposition to depression by af-
fecting the genome epigenetically — for example,
increased maternal care in rodents causes an epi-
genetic change in the promoter region of the glu-
cocorticoid-receptor gene.'

THE MONOAMINE-DEFICIENCY
HYPOTHESIS

The noradrenergic and serotonergic systems orig-
inate deep in the brain and fan out over almost
the entire brain, suggesting a system capable of
modulating many areas of feeling, thinking, and
behaving. The early antidepressants blocked the
reuptake of norepinephrine and serotonin by the
presynaptic neuron. The immediate effects of this
pharmacologic action are to increase the availabil-
ity of norepinephrine and serotonin in the synapse
and to increase stimulation of the postsynaptic
neuron. Inhibitors of the enzyme monoamine oxi-
dase were also discovered to have antidepressant
properties. This enzyme catabolizes norepineph-
rine and serotonin in their respective presynaptic
neurons, and such inhibition could be expected to
increase the availability of neurotransmitters. These
discoveries led to a major theory of depression
known as the monoamine-deficiency hypothesis.
Numerous studies of norepinephrine and serotonin
metabolites in plasma, urine, and cerebrospinal
fluid, as well as postmortem studies of the brains
of patients with depression, have yet to identify the

purported deficiency reliably. However, a newly dis-
covered form of the enzyme tryptophan hydroxy-
lase, designated TPH-2, is specific to the brain's
and could explain why previous postmortem stud-
ies of total enzyme activity did not show differ-
ences in tryptophan hydroxylase activity between
patients with depression and controls.'® A recent
positron-emission tomographic study using a li-
gand for brain monoamine oxidase showed a 30%
increase of the enzyme in a subgroup of patients
with depression.?” A study measuring differences
in monoamine metabolites between the internal
jugular vein and the brachial artery showed lower
production by the brain of norepinephrine metabo-
lites in patients with depression than in controls.®
The monoamine-deficiency hypothesis continues
to stimulate research whenever a new technical
window into the brain is opened.

Serotonin and norepinephrine can be depleted
experimentally in humans by oral treatments.®
A drink containing all amino acids except trypto-
phan stimulates the liver to synthesize proteins
and rapidly depletes the plasma (and therefore the
brain) of tryptophan. Tryptophan is rate-limiting
for serotonin synthesis in the brain. Such oral
tryptophan depletion does not induce depression
in healthy subjects but will cause a relapse of de-
pression in patients who have been successfully
treated with a serotonin-reuptake inhibitor.** Sim-
ilarly, a-methyl paratyrosine inhibits tyrosine hy-
droxylase, the rate-limiting step in catecholamine
synthesis. Treatment with a-methyl paratyrosine
does not induce depression in normal subjects but
will induce a relapse in patients who have been
treated successfully with a norepinephrine-reup-
take inhibitor.® These findings suggest that nor-
epinephrine and serotonin have critical roles in the
mechanisms of these treatments of depression but
that additional neurochemical factors are neces-
sary to cause depression.

Because direct measurements of monoamine
neurotransmission did not yield definitive findings
in relation to depression, the downstream effects
of monoamine neurotransmission were explored
(Fig. 1). The serotonin-1B receptor is located pre-
synaptically and regulates the release of serotonin
by feedback inhibition. Postmortem studies show
that the levels of p11, a protein that enhances the
efficiency of serotonin-1B receptor signaling, are
decreased in the brains of patients with depres-
sion.2° The serotonin-1A receptor is located both
presynaptically and postsynaptically to regulate
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serotonin function (Fig. 1). The receptor can be
evaluated in patients with depression by injecting
specific agonists and measuring specific neuro-
endocrine responses, such as elevation of the pro-
lactin level.?* Results suggest that the sensitivity
of this receptor is reduced in patients with depres-
sion.?* The «,-noradrenergic receptor, which is
usually presynaptic, modulates norepinephrine re-
lease by feedback inhibition (Fig. 1). Heightened
receptor sensitivity has been described in patients
with depression,?? which is consistent with re-
duced norepinephrine release.

It is conceivable that the second-messenger sys-
tems for serotonergic and noradrenergic neuro-
transmission malfunction in depression, and for
this reason the phosphatidylinositol and cyclic
AMP second-messenger systems have been exten-
sively evaluated. Reduced inositol levels have been
found in postmortem studies of the brains of per-
sons who have died by suicide?* and in magnetic
resonance spectroscopic studies of the frontal cor-
tex in patients with depression.?* A blunted cyclic
AMP response to stimulation was found in post-
mortem studies of the brains of patients with de-
pression.?> These reductions in second-messenger
function may impair neurotransmitter function
even without changes in monoamine levels or re-
ceptor numbers. These data indirectly support
elaborations of the original monoamine-deficiency
hypothesis of depression (Fig. 1).

G proteins that mediate signaling between re-
ceptors and second-messenger systems have also
been investigated in patients with depression, both
in postmortem studies of the brain?° and in stud-
ies of peripheral-blood cells.?” Although these
systems are clearly affected, no consistent picture
has emerged because there are numerous forms
of G proteins that vary in different areas of the
brain. The cyclic AMP response element—binding
protein (CREB) is a transcription factor affected by
cyclic AMP in the cell. In an animal model of de-
pression, rats with overexpression of CREB in the
dentate gyrus behaved similarly to rats treated
with antidepressants, but the opposite effect was
found when CREB was overexpressed in the nu-
cleus accumbens.?%28 Thus, the role of CREB in
depression is specific to the region of the brain.
Most but not all studies show that long-term treat-
ment with antidepressants stimulates CREB func-
tion, possibly depending on the type of drug and
the dosage.?® Levels of CREB and phospho-CREB
were reduced in postmortem studies of the cor-

texes of patients who had a major depressive
disorder and had not taken antidepressants, as
compared with controls.2%2® Many studies of sec-
ond-messenger systems and transcription factors
in depression were inspired by the belief that it
takes several weeks before antidepressant treat-
ment has an effect; consequently, the studies were
designed to detect time-dependent biochemical
changes in the cell. New meta-analyses suggest
that antidepressant effects begin rapidly, howev-
er,?® thereby supporting the classic monoamine-
deficiency hypothesis.

A strong point of the monoamine theory has
been its predictive power. Almost every compound
that has been synthesized for the purpose of in-
hibiting norepinephrine or serotonin reuptake has
been proved to be a clinically effective antidepres-
sant. A behavioral model of depression has been
developed in which a rodent is placed in a glass
cylinder filled with water, the sheer wall offering
no chance of escape. The animal struggles for a
while and then floats passively (the forced swim
test). A single prior injection of antidepressant in-
creases the struggling time; results in this model
have excellent predictive validity for new antide-
pressants. Other animal models have been devel-
oped by selective breeding of rats for depression-
like behavior, and these genetically susceptible
rodents also have a response to antidepressants.3°
Still other models that can be studied biochemi-
cally induce depression with the use of long-term
mild stress or learned helplessness. However, no
animal model of depression captures the periodic
change of behavior into and out of depression that
is seen in patients with depression.

Molecular techniques such as gene knockout
partially support the monoamine theory of depres-
sion. The serotonin-reuptake—transporter knock-
out mouse is excessively anxious and characterized
by increased immobility in the forced swim test.3*
This effect is similar to that of the low-activity
polymorphic variant of the serotonin receptor on
human personality’® but is the opposite of the ex-
pected effects of serotonin-reuptake—inhibitor an-
tidepressants. However, this inconsistency could
be explained by the difference between a chron-
ic monoamine abnormality during brain develop-
ment3* and the hypothesized acute monoamine
depletion in an adult with depression. Table 1
shows the effects in mice of knocking out genes
related to monoamine neurotransmitters.

The effects of stimulants on mood indirectly
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support the monoamine-deficiency hypothesis of
depression and show that mood can be altered
rapidly. Cocaine and amphetamines are powerful
releasers of monoamines into the synapse as well
as inhibitors of reuptake. Their mood-elevating
effects are immediate, but in patients with severe
depression they have often been reported to cause
agitation rather than relief of depression. This
finding could reflect the ability of these stimulants
to deplete the presynapse of monoamines and thus
cause a “crash” into depression. Recent studies
support the theory that an acute response to a
single dose of amphetamine predicts a patient’s
longer-term response to monoamine-reuptake in-
hibitors.*°

The role of dopamine deficiency in depression
is suggested by the frequency of depression in pa-
tients with Parkinson’s disease and the effect of
reserpine, which depletes serotonin, norepineph-
rine, and dopamine, causing a hypoactive state in
animals. The antidepressant agent buproprion in-
hibits the reuptake of dopamine. Some direct do-
pamine-receptor agonists, such as pramipexole,
have been reported to be efficacious in the treat-
ment of depression, even though they were devel-
oped for Parkinson’s disease.*”

A major liability of the monoamine-deficiency
hypothesis is its derivation from the mechanism
of currently available antidepressants. Approxi-
mately two thirds of patients have a clinical re-
sponse to these agents, whereas one third have a
response to placebo.*® Perhaps the mechanism of
depression is not related to monoamines in two
of three cases.

STRESS, THE HYPOTHALAMIC—
PITUITARY-ADRENAL AXIS,
AND GROWTH FACTORS

Stress*° is perceived by the cortex of the brain and
transmitted to the hypothalamus, where cortico-
tropin-releasing hormone (CRH) is released onto
pituitary receptors. This stimulus results in the se-
cretion of corticotropin into plasma, stimulation
of corticotropin receptors in the adrenal cortex,
and release of cortisol into the blood. Hypothalam-
ic cortisol receptors respond by decreasing CRH
production to maintain homeostasis (Fig. 2).
There is considerable evidence that cortisol and
its central releasing factor, CRH, are involved in
depression.>®>! Patients with depression may have
elevated cortisol levels in plasma,3® elevated

Figure 1 (facing page). The Monoamine-Deficiency
Hypothesis Extended.

The monoamine hypothesis of depression postulates

a deficiency in serotonin or norepinephrine neurotrans-
mission in the brain. Monoaminergic neurotransmis-
sion is mediated by serotonin (5-hydroxytryptamine

1A [5-HT1A] and 5-hydroxytryptamine 1B [5-HT1B]) or
norepinephrine (noradrenaline) released from presyn-
aptic neurons (serotonergic neuron, shown on the left
side, and noradrenergic neuron, shown on the right
side [condensed virtually]). Serotonin is synthesized
from tryptophan, with the first step in the synthetic
pathway catalyzed by tryptophan hydroxylase; norepi-
nephrine is synthesized from tyrosine, with the first
step catalyzed by tyrosine hydroxylase. Both mono-
amine transmitters are stored in vesicles in the presyn-
aptic neuron and released into the synaptic cleft, there-
by affecting both presynaptic and postsynaptic
neurons. Cessation of the synaptic action of the neu-
rotransmitters occurs by means of both reuptake
through the specific serotonin and norepinephrine
transporters and feedback control of release through
the presynaptic 5-HT1A and 5-HT1B regulatory autore-
ceptors for serotonin and the a2-noradrenergic autore-
ceptors for norepinephrine. Monoamine oxidase A
(MAO-A) catabolizes monoamines presynaptically and
thereby indirectly regulates vesicular content. The pro-
tein pll, which interacts with 5-HT1B receptors, in-
creases their function. Postsynaptically, both serotonin
and norepinephrine bind two kinds of guanine nucleo-
tide triphosphate—binding protein (G protein)—coupled
receptors: cyclic AMP (cAMP)—coupled receptors,
which activate adenylate cyclase (AC) to generate
cAMP, and phosphatidylinositol (Pl)—coupled recep-
tors, which activate phospholipase C (PLC). PLC gener-
ates inositol triphosphate (IP;) and diacylglycerol
(DAG); cAMP activates protein kinase A (PKA), and IP,
and DAG activate protein kinase C (PKC). The two pro-
tein kinases affect the cAMP response element—bind-
ing protein (CREB). Findings in patients with depres-
sion that support the monoamine-deficiency
hypothesis include a relapse of depression with inhibi-
tion of tyrosine hydroxylase or depletion of dietary
tryptophan, an increased frequency of a mutation af-
fecting the brain-specific form of tryptophan hydroxy-
lase (TPH-2), increased specific ligand binding to
MAO-A, subsensitive 5-HT1A receptors, malfunction-
ing 5-HT1B receptors, decreased levels of pl1, poly-
morphisms of the serotonin-reuptake transporter asso-
ciated with depression, an inadequate response of G
proteins to neurotransmitter signals, and reduced lev-
els of cAMP, inositol, and CREB in postmortem brains.

CRH levels in cerebrospinal fluid,>° and increased
levels of CRH messenger RNA and protein in
limbic brain regions.>® In studies using dexa-
methasone to evaluate the sensitivity of the hypo-
thalamus to feedback signals for the shutdown of
CRH release, the normal cortisol-suppression re-
sponse is absent in about half of the most se-

N ENGL) MED 358;1 WWW.NEJM.ORG JANUARY 3, 2008

Downloaded from www.nejm.org at KIZ - ABT LITERATURVERWALTUNG on April 3, 2009 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



MECHANISMS OF DISEASE

| Depletion causes relapse
i

Tryptophan

TPH-2 mutated

I

J

[ Malfunctions

[ Decreased

[ Subsensitive

Polymorphism

hydroxylase l

! MAO bmdmg increased : 7
MAO-A

associated with depression Serotonin
and depressive personality transporter
20 &
@
» F
- -

[ Altered
[ Reduced

I

Tryptophan Tyrosir}’e

Ll'yresine

Presynaptic
neuron

{' hi:rdroxy'lése< Inhibition causes relapse ]

Serotonin Norepinephﬁne

Reduced accumulation

metabolites <§ Reduced ]
- ". .
. ‘ ay-Adrenergic
3" receptor
Increased
ll. o
L
. Norepinephine
transporter
L]
4 @ ]
a9 @ L] A
@ > a ‘:

Postsynaptic
neuron

verely depressed patients.>? Antidepressant-induced
clinical remission is accompanied by reversal of
some of these abnormalities.>?

Adults with a history of physical or sexual
abuse as children have increased levels of CRH in
cerebrospinal fluid.>> Adult rodents that were sepa-
rated from their mothers or abused as pups show
increased immobility in the forced swim test,
which is reversed by antidepressant treatment.>*
Mice with region-specific knockout of the gluco-
corticoid receptor at an adult age have increased

N ENGL J MED 3581

activity of the hypothalamic—pituitary—adrenal axis
and increased immobility in the forced swim test,
both of which are reversed by antidepressants.>>
Increased levels of monoamines in the synapse
affect the hypothalamic—pituitary—adrenal axis>°
and reverse some of the long-term effects of
stress.>° It is possible that antidepressants relieve
depression by reducing the secondary stress caused
by a painfully dispirited mood rather than by di-
rectly elevating mood. An antistress mechanism
could explain the general usefulness of antidepres-
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Table 1. Monoamine-Related Gene Knockouts That Affect Depression-Related Behavior in Mice.*

Gene or Protein

sert

net

5-htlar

5-ht1br

pll (protein)

5-ht2ar

5-ht7

ay,ar

a,ar

mao-a

ac VIl (hetero-
zygotes)

impal
smitl
creb
bdnf
Male mice

Female mice

Function

Serotonin transporter

Norepinephrine transporter

Serotonergic 1A receptor
(presynaptic autorecep-
tor and postsynaptic)

Serotonergic 1B receptor
(presynaptic autorecep-
tor and postsynaptic)

Interacts with and enhanc-
es signaling efficiency
of 5-HT1BR

Serotonergic 2A receptor

Serotonergic 7 receptor
(possibly presynaptic
autoreceptor and post-
synaptic)

a,,-Adrenergic receptors
(presynaptic autorecep-
tor)

a,c-Adrenergic receptors
(presynaptic autorecep-
tor restricted to central
nervous system)

Monoamine oxidase A

Adenylyl cyclase type 7

Inositol monophos-
phatase 1

Sodium-myo-inositol trans-
porter 1

Cyclic AMP-response ele-
ment-binding protein

Brain-derived neurotrophic
factor

Brain-derived neurotrophic
factor

Depression-Related Changes

Increased depressive behavior, reduced se-
rotonin level, desensitized postsynaptic
5-HT1AR, and reduced presynaptic
5-HT1AR function®?

Reduced depressive behavior, prolonged
norepinephrine clearance, elevated ex-
tracellular norepinephrine levels®?

Reduced depressive behavior, normal sero-
tonin level and release, impaired SSRI-
induced neurogenesis®?

Reduced response to SSRI in forced swim
test, reduced serotonin level and in-
creased serotonin release, increased
SSRI-induced serotonin release, de-
creased serotonin-transporter expres-
sion3?

Increased depressive behavior, increased
serotonin turnover®

No change®*

Reduced depressive behavior and REM
sleep duration®®

Reduced norepinephrine levels, presynaptic

inhibition of release,?® increased depres-

sive behavior®”

Reduced depressive behavior®®

Increased brain serotonin and epinephrine
levels®®

Reduced depressive behavior*®

Reduced depressive behavior, unaltered
brain inositol levels**

Reduced depressive behavior and brain ino-

sitol levels*?

Reduced depressive behavior, normal anti-
depressant-induced behavior*?

No depressive behavior**

Increased depressive behavior**

Corroboration
of Monoamine-

Deficiency
Hypothesis

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Other Behavior Elicited by
Knockout of Gene

Excessive anxiety??

Increased locomotion response
to amphetamines and co-
caine®?

Excessive anxiety,

impaired hippocampal learn-
ingSZ

Increased aggressiveness, re-
duced anxiety, increased ex-
ploration, increased use of
cocaine®?

Not reported®®

Reduced inhibition in conflict-
anxiety paradigms®*

Normal locomotion3®

Altered sympathetic regula-
tion,3® impaired motor coor-
dination

Increased aggressiveness,*?
increased locomotion re-
sponse to amphetamines®®

Increased aggressiveness and
response to stress,*° de-
creased exploration?

Unchanged anxiety*°

Increased hyperactivity and
sensitivity to pilocarpine-
induced seizures**

Increased sensitivity to pilocar-
pine-induced seizures*?

No increase in BDNF after long-
term use of antidepres-
sants*?

Increased aggressiveness, hy-
perphagia,*® hyperactivity**

Increased aggressiveness, hy-
perphagia*®

* BDNF denotes brain-derived neurotrophic factor, 5-HT1AR 5-hydroxytryptamine 1A receptor, 5-HT1BR 5-hydroxytryptamine 1B receptor,
REM rapid eye movement, and SSRI selective serotonin-reuptake inhibitor.
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Cingulate gyrus
 (threat perception)

Amygdala
(threat perception)

Increase in cerebro-
spinal fluid

Size decreased

Brain-derived neurotrophic
factor reduced

Neurogenesis reduced

o I
* nterior pituitary |
e

3 Size increased

Corticotropin
{through blood)

Feedback

inhibition

[ Size increased Adrenal
cortex _
> Cortisol s
Increased under some
conditions

Figure 2. The Hypothalamic—Pituitary—Cortisol System in Depression.

The hypothalamic—pituitary—cortisol hypothesis of depression postulates that abnormalities in the cortisol response
to stress may underlie depression. The black arrows show that in response to stress, which is perceived by the brain
cortex and the amygdala and transmitted to the hypothalamus, corticotropin-releasing hormone (CRH) is released,
inducing the anterior pituitary gland to secrete corticotropin into the bloodstream. Corticotropin stimulates the ad-
renal cortexes to secrete the glucocorticoid hormone cortisol. The red lines show that cortisol, in turn, induces feed-
back inhibition in the hypothalamus and the pituitary, suppressing the production of CRH and corticotropin, respec-
tively. Findings in patients with depression that support the hypothalamic—pituitary—cortisol hypothesis include the
following: cortisol levels are sometimes increased in severe depression, the size of the anterior pituitary and adrenal
cortex is increased, and CRH levels in the cerebrospinal fluid and CRH expression in the limbic brain regions are in-
creased. Hippocampal size and the numbers of neurons and glia are decreased, possibly reflecting reduced neuro-
genesis due to elevated cortisol levels or due to reduced brain-derived neurotrophic factor.

sants for a wide variety of psychiatric conditions,
including panic disorder, post-traumatic stress
disorder, bulimia, premenstrual syndrome, and
obsessive—compulsive disorder. CRH-receptor an-
tagonists show antidepressant activity in animal
models,>” but the results of large clinical trials
have been disappointing. A compound that blocks
the glucocorticoid receptor has been reported to

be efficacious in depression, but only the most
severe and psychotic type.>®

A single test for the cortisol level in blood does
not contribute to the diagnosis of depression, since
levels of cortisol vary markedly in a circadian
rhythm?3® and because the overlap between values
in patients and those in controls is considerable.
Mild stress induced in the laboratory, such as
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Levels of transthyretin are reduced in the cerebrospinal fluid in patients with

Thyroxine abnormalities

depression*'®

Thyroxine monotherapy is ineffective

Thyroid hormones modulate the serotonergic system in the brain**®

Hypothyroidism is not manifested in most patients with depression

Brain neurogenesis is decreased after the administration of thyroxine in

adult rats with hypothyroidism?*2°

Rate of response to triiodothyronine is increased during depression*?*

Implicated brain areas differ from study to study

Transcranial magnetic stimulation of the prefrontal cortex'?* and deep-brain

Dysfunction of specific

stimulation of the anterior cingulate affect mood*??

brain structures and

circuits

Inconsistent findings with respect to blood flow, volumetric, glucose utiliza-

Glucose use is reduced in the prefrontal cortex'?* and subgenual prefrontal

cortex'?®

tion, and postmortem methodologies®®*24126

Circuit dynamics in the hippocampus are altered in a rat model of depression*?’
* AMPA denotes alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid, BDNF brain-derived neurotrophic factor, DHEA dehydroepiandrosterone, GABA y-aminobutyric acid, MRS magnetic resonance

spectroscopy, and NMDA N-methyl-p-aspartic acid.
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stress associated with mental arithmetic calcula-
tions or simulated public speaking, results in
greater changes in plasma cortisol levels than
most reported differences between the values in
patients with depression and those in controls.3®
It is possible that chronic mild elevations of cor-
tisol, especially at night, when cortisol levels in
normal subjects are very low, have a pathogenic
role in depression. It is also possible that periph-
eral cortisol elevations are only a reflection of
central disturbances in CRH signaling, which me-
diate the effects of environmental stress on mood.>°
A major liability of the hypothalamic—pituitary—
adrenal axis theory of depression is the difficulty
of defining the relationship of stress to depres-
sion. Some patients have a single lifetime depres-
sive episode, whereas a larger proportion have a
recurrent or even chronic course. Various types
of acute stress, early childhood trauma, or long-
term psychosocial problems may be involved and
may lead to different responses of the stress sys-
tem. Stress may be causative in some cases and
secondary to depressed mood in others.

Severe stress in rodents does not necessarily
model the common stresses of childhood. The
association of abuse in childhood with psycho-
pathologic disorders, including depression, in
adulthood could be due to common factors link-
ing family perpetrators of abuse and their victims,
including not only shared genes but also a shared
environment of poverty, poor nutrition, and poor
prenatal care. Depression is not uncommon in
people with no psychosocial risk factors. Most
patients treated for depression have no evidence
of hypothalamic—pituitary—adrenal dysfunction,
just as most such patients have no direct evidence
of brain monoamine deficiency.

The classic teaching is that neurons do not di-
vide in the adult mammalian brain, but studies
have shown that neurogenesis occurs in several
areas of the brain, especially the hippocampus.
Neurogenesis is more prominent in rodents than
in primates,®® and some have questioned whether
it occurs in the human cortex.°* Elevated levels of
glucocorticoids can reduce neurogenesis, and this
has been suggested as a mechanism for the de-
creased size of the hippocampus on magnetic
resonance images of the brain in many patients
with depression.®? In postmortem studies of pa-
tients with depression, cell loss in the subgenual
prefrontal cortex, atrophy in the dorsolateral pre-
frontal cortex and the orbitofrontal cortex, and
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increased numbers of cells in the hypothalamus
and the dorsal raphe nucleus have been reported.®3
These effects resemble the atrophic changes in the
brain in patients with Cushing’s disease®* and in
rodents treated with glucocorticoids.®> However,
cortisol elevations in depression are much lower
than in Cushing’s disease.

Restraint in a small container induces stress in
rodents, suppressing neurogenesis, and this effect
is countered by antidepressant treatment.°® An-
tidepressants also enhance neurogenesis in non-
human primates.®” Santarelli et al.°® irradiated the
hippocampus in mice and abolished neurogene-
sis. They found that the radiation also abolished
the ability of the animals to respond behaviorally
to antidepressant treatment in the forced swim
test, but this phenomenon does not occur in every
mouse strain studied.®® Henn and Vollmayr sum-
marized other studies providing evidence that de-
creased neurogenesis is a result of stress and
anxiety but may not be behaviorally relevant.” The
relevance of animal models of neurogenesis to
clinical studies of depression has been questioned
by analogy with studies of neuroprotection strat-
egies in stroke, for which numerous findings in
animal models have not been replicated in hu-
man studies.”*

Brain-derived neurotrophic factor (BDNF),
a neurotrophic peptide, is critical for axonal
growth, neuronal survival, and synaptic plastic-
ity,”2 and its levels are affected by stress”> and
cortisol.” A postmortem study of patients with
depression who had committed suicide showed
that BDNF was reduced in the hippocampus.”>
Antidepressant drugs and electroconvulsive thera-
py up-regulate BDNF and other neurotrophic and
growth factors’>7¢; a single bilateral infusion of
BDNF into the dentate gyrus has antidepressant-
like effects.”” One study showed that the hippo-
campus was smaller than normal in patients with
depression who carried a met166 BDNF allele.”
In an animal model of depression, epigenetic his-
tone methylation mediated down-regulation of
BDNF transcripts and antidepressant treatment
reversed this effect.”” These studies suggest that
BDNF is the link among stress, neurogenesis, and
hippocampal atrophy in depression. However,
a genetic association of the BDNF vall66met poly-
morphism with depression has not been replicated
in most studies,” and BDNF may be related not
only to depression but to multiple psychiatric dis-
orders.” BDNF-knockout mice have behaviors un-

related to depression.*> Reduced BDNF levels in
the peripheral blood of patients with depression
seem to derive almost entirely from blood plate-
lets,®° and many artifacts must therefore be con-
sidered in interpreting these findings. Inflamma-
tion in the brain and some neurotoxins increase
brain BDNF levels, suggesting that the actions of
BDNF are not uniformly therapeutic.?* Castréns?
has proposed that antidepressant treatments may
increase synaptic sprouting and allow the brain
to use input from the environment more effec-
tively to recover from depression. This hypothe-
sis highlights the role that cognition may play in
depression and suggests that biochemical mech-
anisms may be nonspecific.

Strong epidemiologic data point to an associa-
tion between major depressive disorder and in-
creased cardiovascular morbidity and mortality.®?
In many patients, cardiovascular disorders precede
depression, and in others, depression precedes the
cardiovascular disorder. Both n-3 fatty acid defi-
ciency®** and elevated plasma homocysteine levels®>
have been implicated in cardiovascular disease and
in depression. Elevated cortisol levels in depres-
sion could increase the risk of coronary artery
disease, since cortisol increases visceral fat.0%8°
Antidepressant treatment increases the survival
rate among patients who become depressed after
coronary occlusion.®® Endothelial-cell signaling
plays a crucial role in brain neurogenesis,®” and
these cells secrete BDNF; thus, both depression
and cardiovascular disease could be examples of
an endothelial disorder. Signs of inflammatory
processes have been described in major depres-
sion®® and in cardiovascular disease. Some data
suggest that exercise has protective or therapeu-
tic effects in depression.®® Rodent models support
this possibility.?°

OTHER POSSIBLE MECHANISMS

Table 2 summarizes possible pathophysiological
mechanisms of depression other than those based
on the monoamine-deficiency hypothesis or the
roles of stress, cortisol, and neurogenesis. Many
of these other proposed mechanisms have also
been implicated in psychiatric and neurologic dis-
orders other than depression. Since the compo-
nents of the brain are highly interconnected, it is
not difficult to find possible integrative frame-
works between two or more of the various theo-
ries. Testing the theories in a manner that can re-
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ject the null hypothesis has been more difficult.
Research in depression has sometimes been se-
quentially imitative of dominant ideas in related
fields, such as neurogenesis, glutamate neurotrans-
mission, and nicotinic receptors, instead of pro-
gressing on its own path.

SUMMARY

It would be appealing to attempt to categorize de-
pression in terms of monoamine-depletion forms
that are perhaps related to genes coding for en-
zymes involved in neurotransmission and cortisol-
related forms that are characterized by a more
long-term course, hippocampal atrophy, and a his-
tory of psychosocial stress. However, the clinical
data do not fall into such neat categories, since
monoamine-based antidepressants are most effec-
tive in patients with severe depression when cor-
tisol levels remain high after the administration
of dexamethasone.

Major depressive disorder is likely to have a
number of causes. Middle-aged or elderly patients
presenting with depression may have a disorder
related to cardiovascular disease and originating

from endothelial dysfunction.*2® Patients in their
late teens or early 20s who have severe depression
may have important genetic risk factors and a high
risk of manic episodes.® In patients with an anx-
ious and depressive personality, depression may
be due to genetically determined personality fac-
tors't or adverse childhood experiences.'?°

Avoidance of premature closure on any one
scientific theory of the mechanism of depression
will best serve the search for new, more effective
treatments. It is likely that the pathogenesis of
acute depression is different from that of recurrent
or chronic depression, which is characterized by
long-term declines in function and cognition.
Mood can be elevated (by stimulants,*® by brain
stimulation,?? or by ketamine®#) or depressed (by
monoamine depletion®® in recovered patients) for
short periods, but longer-term improvement may
require reduction of the abnormal glucocorticoid
function induced by stress or increases in brain
neurotrophic factors.

No potential conflict of interest relevant to this article was
reported.

We thank Herman van Praag, who inspired our work on de-
pression over the course of three decades.

REFERENCES

1. Wakefield JC, Schmitz MF, First MB,
Horwitz AV. Extending the bereavement
exclusion for major depression to other
losses: evidence from the National Co-
morbidity Survey. Arch Gen Psychiatry
2007;64:433-40.

2. Kessler RC, Berglund P, Demler O, et
al. The epidemiology of major depressive
disorder: results from the National Comor-
bidity Survey Replication (NCS-R). JAMA
2003;289:3095-105.

3. Van Praag H. Monoamine precursors
in depression: present state and prospects.
In: Zohar J, Belmaker RH, eds. Treating
resistant depression. New York: PMA Pub-
lishing, 1987:279-306.

4. Belmaker RH. Bipolar disorder. N Engl
J Med 2004;351:476-86.

5. Sullivan PF, Neale MC, Kendler KS.
Genetic epidemiology of major depres-
sion: review and meta-analysis. Am J Psy-
chiatry 2000;157:1552-62.

6. Bouchard TJ Jr. Genes, environment,
and personality. Science 1994;264:1700-1.
7. Kendler KS, Gatz M, Gardner CO,
Pedersen NL. A Swedish national twin
study of lifetime major depression. Am J
Psychiatry 2006;163:109-14.

8. Kendler KS, Gardner CO, Prescott CA.
Clinical characteristics of major depres-
sion that predict risk of depression in
relatives. Arch Gen Psychiatry 1999;56:

N ENGL J MED 358;1

322-7. [Erratum, Arch Gen Psychiatry 2000;
57:94-5.]

9. Holmans P, Weissman MM, Zubenko
GS, et al. Genetics of recurrent early-onset
major depression (GenRED): final genome
scanreport. AmJ Psychiatry 2007;164:248-
58.

10. Lesch KP, Bengel D, Heils A, et al. As-
sociation of anxiety-related traits with a
polymorphism in the serotonin transport-
er gene regulatory region. Science 1996;
274:1527-31.

11. Lesch KP, Greenberg BD, Higley JD,
Bennett A, Murphy DL. Serotonin trans-
porter, personality, and behavior: toward
a dissection of gene-gene and gene-envi-
ronment interaction. In: Benjamin J, Eb-
stein RP, Belmaker RH, eds. Molecular
genetics and the human personality. Wash-
ington, DC: American Psychiatric Pub-
lishing, 2002:109-35.

12. Pezawas L, Meyer-Lindenberg A, Dra-
bant EM, et al. 5-HTTLPR polymorphism
impacts human cingulate-amygdala inter-
actions: a genetic susceptibility mecha-
nism for depression. Nat Neurosci 2005;
8:828-34.

13. Caspi A, Sugden K, Moffitt TE, et al.
Influence of life stress on depression: mod-
eration by a polymorphism in the 5-HTT
gene. Science 2003;301:386-9.

14. Weaver IC, Cervoni N, Champagne

FA, et al. Epigenetic programming by ma-
ternal behavior. Nat Neurosci 2004;7:847-
54.

15. Zhang X, Beaulieu JM, Sotnikova TD,
Gainetdinov RR, Caron MG. Tryptophan
hydroxylase-2 controls brain serotonin syn-
thesis. Science 2004;305:217.

16. Zhang X, Gainetdinov RR, Beaulieu JM,
et al. Loss-of-function mutation in trypto-
phan hydroxylase-2 identified in unipolar
major depression. Neuron 2005;45:11-6.

17. Meyer JH, Ginovart N, Boovariwala A,
et al. Elevated monoamine oxidase A lev-
els in the brain: an explanation for the
monoamine imbalance of major depres-
sion. Arch Gen Psychiatry 2006;63:1209-
16.

18. Lambert G, Johansson M, Agren H,
Friberg P. Reduced brain norepinephrine
and dopamine release in treatment-refrac-
tory depressive illness: evidence in support
of the catecholamine hypothesis of mood
disorders. Arch Gen Psychiatry 2000;57:
787-93.

19. Ruhé HG, Mason NS, Schene AH.
Mood is indirectly related to serotonin,
norepinephrine and dopamine levels in
humans: a meta-analysis of monoamine
depletion studies. Mol Psychiatry 2007;12:
331-59.

20. Svenningsson P, Chergui K, RachleffT,
et al. Alterations in 5-HT1B receptor func-

WWW.NEJM.ORG JANUARY 3, 2008

Downloaded from www.nejm.org at KIZ - ABT LITERATURVERWALTUNG on April 3, 2009 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

65



66

The NEW ENGLAND JOURNAL of MEDICINE

tion by p11 in depression-like states. Sci-
ence 2006;311:77-80.

21. Pitchot W, Hansenne M, Pinto E, Reg-
gers J, Fuchs S, Ansseau M. 5-Hydroxy-
tryptamine 1A receptors, major depres-
sion, and suicidal behavior. Biol Psychiatry
2005;58:854-8.

22. Ordway GA, Schenk J, Stockmeier CA,
May W, Klimek V. Elevated agonist bind-
ing to alpha2-adrenoceptors in the locus
coeruleus in major depression. Biol Psy-
chiatry 2003;53:315-23.

23. Shimon H, Agam G, Belmaker RH,
Hyde TM, Kleinman JE. Reduced frontal
cortex inositol levels in postmortem brain
of suicide victims and patients with bipo-
lar disorder. Am J Psychiatry 1997;154:
1148-50.

24. Coupland NJ, Ogilvie CJ, Hegadoren
KM, Seres P, Hanstock CC, Allen PS. De-
creased prefrontal myo-inositol in major
depressive disorder. Biol Psychiatry 2005;
57:1526-34.

25. Valdizdn EM, Gutierrez O, Pazos A.
Adenylate cyclase activity in postmortem
brain of suicide subjects: reduced response
to beta-adrenergic stimulation. Biol Psy-
chiatry 2003;54:1457-64.

26. Chang A, Li PP, Warsh JJ. cAMP signal
transduction abnormalities in the patho-
physiology of mood disorders: contribu-
tions from postmortem brain studies. In:
Agam G, Everall IP, Belmaker RH, eds.
The postmortem brain in psychiatric re-
search. Boston: Kluwer Academic, 2002:
341-62.

27. Avissar S, Nechamkin Y, Roitman G,
Schreiber G. Reduced G protein functions
and immunoreactive levels in mononucle-
ar leukocytes of patients with depression.
Am J Psychiatry 1997;154:211-7.

28. BlendyJA. The role of CREB in depres-
sion and antidepressant treatment. Biol
Psychiatry 2006;59:1144-50.

29. Taylor MJ, Freemantle N, Geddes JR,
Bhagwagar Z. Early onset of selective sero-
tonin reuptake inhibitor antidepressant
action: systematic review and meta-analy-
sis. Arch Gen Psychiatry 2006;63:1217-23.

30. Overstreet DH, Friedman E, Mathé
AA, Yadid G. The Flinders Sensitive Line
rat: a selectively bred putative animal
model of depression. Neurosci Biobehav
Rev 2005;29:739-59.

31. Ansorge MS, Zhou M, Lira A, Hen R,
Gingrich JA. Early-life blockade of the
5-HT transporter alters emotional behav-
ior in adult mice. Science 2004;306:879-81.

32. Gingrich JA. Mutational analysis of
the serotonergic system: recent findings
using knockout mice. Curr Drug Targets
CNS Neurol Disord 2002;1:449-65.

33. Dziedzicka-Wasylewska M, Faron-
Goérecka A, Kusmider M, et al. Effect of
antidepressant drugs in mice lacking the
norepinephrine transporter. Neuropsycho-
pharmacology 2006;31:2424-32.

34. Weisstaub NV, Zhou M, Lira A, et al.

N ENGL ) MED 358;1

Cortical 5-HT2A receptor signaling mod-
ulates anxiety-like behaviors in mice. Sci-
ence 2006;313:536-40.

35. Hedlund PB, Huitron-Resendiz S,
Henriksen §J, Sutcliffe JG. 5-HT7 receptor
inhibition and inactivation induce antide-
pressantlike behavior and sleep pattern.
Biol Psychiatry 2005;58:831-7.

36. Kable JW, Murrin LC, Bylund DB. In
vivo gene modification elucidates sub-
type-specific functions of alpha(2)-adren-
ergic receptors. J Pharmacol Exp Ther 2000;
293:1-7.

37. Schramm NL, McDonald MP, Limbird
LE. The alpha(2a)-adrenergic receptor plays
a protective role in mouse behavioral mod-
els of depression and anxiety. ] Neurosci
2001;21:4875-82.

38. Burke HM, Davis MC, Otte C, Mohr
DC. Depression and cortisol responses to
psychological stress: a meta-analysis. Psy-
choneuroendocrinology 2005;30:846-56.
39. Cases O, Seif I, Grimsby J, et al. Ag-
gressive behavior and altered amounts of
brain serotonin and norepinephrine in
mice lacking MAOA. Science 1995;268:
1763-6.

40. Hines LM, Hoffman PL, Bhave S, etal.
A sex-specific role of type VII adenylyl cy-
clase in depression. J Neurosci 2006;26:
12609-19.

41. Cryns K, Shamir A, Van Acker N, et al.
IMPAL1 is essential for embryonic develop-
ment and lithium-like pilocarpine sensitiv-
ity. Neuropsychopharmacology (in press).
42. Bersudsky Y, Shaldubina A, Agam G,
Berry GT, Belmaker H. Homozygote ino-
sitol transporter knockout mice show a
lithium-like phenotype. Bipolar Disord
(in press).

43. Conti AC, Cryan JF, Dalvi A, Lucki I,
Blendy JA. cAMP response element-bind-
ing protein is essential for the upregula-
tion of brain-derived neurotrophic factor
transcription, but not the behavioral or
endocrine responses to antidepressant
drugs. J Neurosci 2002;22:3262-8.

44, Monteggia LM, Luikart B, Barrot M,
et al. Brain-derived neurotrophic factor
conditional knockouts show gender dif-
ferences in depression-related behaviors.
Biol Psychiatry 2007;61:187-97.

45. Lyons WE, Mamounas LA, Ricaurte
GA, et al. Brain-derived neurotrophic fac-
tor-deficient mice develop aggressiveness
and hyperphagia in conjunction with brain
serotonergic abnormalities. Proc Natl Acad
Sci U S A 1999;96:15239-44.

46. Tremblay LK, Naranjo CA, Cardenas
L, Herrmann N, Busto UE. Probing brain
reward system function in major depres-
sive disorder: altered response to dextro-
amphetamine. Arch Gen Psychiatry 2002;
59:409-16.

47. Gershon AA, Vishne T, Grunhaus L.
Dopamine D2-like receptors and the anti-
depressant response. Biol Psychiatry 2007;
61:145-53.

48. Mann JJ. The medical management of
depression. N Engl J Med 2005;353:1819-
34.

49. McEwen BS. Protective and damaging
effects of stress mediators. N Engl J] Med
1998;338:171-9.

50. Merali Z, Du L, Hrdina D, et al. Dys-
regulation in the suicide brain: mRNA
expression of corticotropin-releasing hor-
mone receptors and GABA(A) receptor
subunits in frontal cortical brain region.
J Neurosci 2004;24:1478-85.

51. MacMaster FP, Russell A, Mirza Y, et
al. Pituitary volume in treatment-naive pe-
diatric major depressive disorder. Biol Psy-
chiatry 2006;60:862-6.

52. Carroll BJ, Cassidy F, Naftolowitz D,
etal. Pathophysiology of hypercortisolism
in depression. Acta Psychiatr Scand Suppl
2007;433:90-103.

53. Lee R, Geracioti TD Jr, Kasckow JW,
Coccaro EF. Childhood trauma and per-
sonality disorder: positive correlation with
adult CSF corticotropin-releasing factor
concentrations. AmJ Psychiatry 2005;162:
995-7.

54. Bhansali P, Dunning J, Singer SE,
David L, Schmauss C. Early life stress al-
ters adult serotonin 2C receptor pre-mRNA
editing and expression of the alpha sub-
unit of the heterotrimeric G-protein G q.
J Neurosci 2007;27:1467-73.

55. Boyle MP, Brewer JA, Funatsu M, et al.
Acquired deficit of forebrain glucocorti-
coid receptor produces depression-like
changes in adrenal axis regulation and
behavior. Proc Natl Acad Sci U S A 2005;
102:473-8.

56. Holsboer F. The corticosteroid recep-
tor hypothesis of depression. Neuropsy-
chopharmacology 2000;23:477-501.

57. Louis C, Cohen C, Depoortere R,
Griebel G. Antidepressant-like effects of the
corticotropin-releasing factor 1 receptor
antagonist, SSR125543, and the vasopres-
sin 1b receptor antagonist, SSR149415, in
a DRL-72 s schedule in the rat. Neuropsy-
chopharmacology 2006;31:2180-7.

58. Flores BH, Kenna H, Keller J, Solvason
HB, Schatzberg AF. Clinical and biologi-
cal effects of mifepristone treatment for
psychotic depression. Neuropsychophar-
macology 2006;31:628-36.

59. Strome EM, Wheler GH, Higley JD, Lo-
riaux DL, Suomi SJ, Doudet DJ. Intracere-
broventricular corticotropin-releasing fac-
tor increases limbic glucose metabolism
and has social context-dependent behav-
ioral effects in nonhuman primates. Proc
Natl Acad Sci U S A 2002;99:15749-54.

60. Rakic P. Neurogenesis in adult pri-
mate neocortex: an evaluation of the evi-
dence. Nat Rev Neurosci 2002;3:65-71.

61. Bhardwaj RD, Curtis MA, Spalding
KL, et al. Neocortical neurogenesis in hu-
mans is restricted to development. Proc
Natl Acad Sci U S A 2006;103:12564-8.
62. MacQueen GM, Campbell S, McEwen

WWW.NEJM.ORG JANUARY 3, 2008

Downloaded from www.nejm.org at KIZ - ABT LITERATURVERWALTUNG on April 3, 2009 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



BS, et al. Course of illness, hippocampal
function, and hippocampal volume in ma-
jor depression. Proc Natl Acad Sci U S A
2003;100:1387-92.

63. Rajkowska G. Postmortem studies in
mood disorders indicate altered numbers
of neurons and glial cells. Biol Psychiatry
2000;48:766-77.

64. Brown ES, Varghese FP, McEwen BS.
Association of depression with medical
illness: does cortisol play a role? Biol Psy-
chiatry 2004;55:1-9.

65. Sapolsky RM. Glucocorticoids and
hippocampal atrophy in neuropsychiatric
disorders. Arch Gen Psychiatry 2000;57:
925-35.

66. Reagan LP, Rosell DR, Wood GE, et
al. Chronic restraint stress up-regulates
GLT-1 mRNA and protein expression in
the rat hippocampus: reversal by tianep-
tine. Proc Natl Acad Sci U S A 2004;101:
2179-84.

67. Perera TD, Coplan JD, Lisanby SH, et
al. Antidepressant-induced neurogenesis
in the hippocampus of adult nonhuman
primates. J Neurosci 2007;27:4894-901.
68. Santarelli L, Saxe M, Gross C, et al.
Requirement of hippocampal neurogene-
sis for the behavioral effects of antide-
pressants. Science 2003;301:805-9.

69. Holick KA, Lee DC, Hen R, Dulawa
SC. Behavioral effects of chronic fluox-
etine in BALB/cJ mice do not require adult
hippocampal neurogenesis or the serotonin
1A receptor. Neuropsychopharmacology (in
press).

70. Henn FA, Vollmayr B. Neurogenesis
and depression: etiology or epiphenome-
non? Biol Psychiatry 2004;56:146-50.

71. Perel P, Roberts I, Sena E, et al. Com-
parison of treatment effects between ani-
mal experiments and clinical trials: sys-
tematic review. BMJ 2007;334:197.

72. Heldt SA, Stanek L, Chhatwal JP,
Ressler KJ. Hippocampus-specific deletion
of BDNF in adult mice impairs spatial
memory and extinction of aversive memo-
ries. Mol Psychiatry 2007;12:656-70.

73. Kozlovsky N, Matar MA, Kaplan Z,
Kotler M, Zohar J, Cohen H. Long-term
down-regulation of BDNF mRNA in rat
hippocampal CA1 subregion correlates
with PTSD-like behavioural stress re-
sponse. IntJ Neuropsychopharmacol 2007;
10:741-58.

74. Angelucci F, Brene S, Mathé AA.
BDNF in schizophrenia, depression and
corresponding animal models. Mol Psy-
chiatry 2005;10:345-52.

75. Karege F, Vaudan G, Schwald M, Per-
roud N, La Harpe R. Neurotrophin levels
in postmortem brains of suicide victims
and the effects of antemortem diagnosis
and psychotropic drugs. Brain Res Mol
Brain Res 2005;136:29-37.

76. Chen B, Dowlatshahi D, MacQueen
GM, Wang JF, Young LT. Increased hip-
pocampal BDNF immunoreactivity in sub-

N ENGL J MED 358;1

MECHANISMS OF DISEASE

jects treated with antidepressant medica-
tion. Biol Psychiatry 2001;50:260-5.

77. Shirayama Y, Chen AC, Nakagawa S,
Russell DS, Duman RS. Brain-derived
neurotrophic factor produces antidepres-
sant effects in behavioral models of de-
pression. J Neurosci 2002;22:3251-61.

78. Frodl T, Schiile C, Schmitt G, et al. As-
sociation of the brain-derived neurotrophic
factor Val66Met polymorphism with re-
duced hippocampal volumes in major de-
pression. Arch Gen Psychiatry 2007;64:
410-6.

79. Tsankova NM, Berton O, Renthal W,
Kumar A, Neve RL, Nestler EJ. Sustained
hippocampal chromatin regulation in a
mouse model of depression and antide-
pressant action. Nat Neurosci 2006;9:519-
25.

80. Karege F, Bondolfi G, Gervasoni N,
Schwald M, Aubry JM, Bertschy G. Low
brain-derived neurotrophic factor (BDNF)
levels in serum of depressed patients prob-
ably results from lowered platelet BDNF
release unrelated to platelet reactivity. Biol
Psychiatry 2005;57:1068-72.

81. de Pablos RM, Villardn RF, Argiielles
S, et al. Stress increases vulnerability to
inflammation in the rat prefrontal cortex.
J Neurosci 2006;26:5709-19.

82. Castrén E. Is mood chemistry? Nat
Rev Neurosci 2005;6:241-6.

83. Lespérance F, Frasure-Smith N, Ko-
szycki D, et al. Effects of citalopram and
interpersonal psychotherapy on depression
in patients with coronary artery disease: the
Canadian Cardiac Randomized Evaluation
of Antidepressant and Psychotherapy Effi-
cacy (CREATE) trial. JAMA 2007;297:367-79.
[Erratum, JAMA 2007;298:40.]

84. Nemets B, Stahl Z, Belmaker RH. Ad-
dition of omega-3 fatty acid to mainte-
nance medication treatment for recurrent
unipolar depressive disorder. Am J Psy-
chiatry 2002;159:477-9.

85. Folstein M, Liu T, Peter I, et al. The
homocysteine hypothesis of depression.
Am ] Psychiatry 2007;164:861-7. [Erratum,
Am J Psychiatry 2007;164:1123.]

86. Taylor CB, Youngblood ME, Catellier
D, et al. Effects of antidepressant medica-
tion on morbidity and mortality in de-
pressed patients after myocardial infarc-
tion. Arch Gen Psychiatry 2005;62:792-8.
87. Warner-SchmidtJL, Duman RS. VEGF
is an essential mediator of the neurogenic
and behavioral actions of antidepressants.
Proc Natl Acad Sci U S A 2007;104:4647-
52.

88. Miiller N, Schwarz MJ, Dehning S, et
al. The cyclooxygenase-2 inhibitor cele-
coxib has therapeutic effects in major de-
pression: results of a double-blind, ran-
domized, placebo controlled, add-on pilot
study to reboxetine. Mol Psychiatry 2006;
11:680-4.

89. Nabkasorn C, Miyai N, Sootmongkol
A, etal. Effects of physical exercise on de-

pression, neuroendocrine stress hormones
and physiological fitness in adolescent fe-
males with depressive symptoms. Eur J
Public Health 2006;16:179-84.

90. van Praag H, Kempermann G, Gage
FH. Running increases cell proliferation
and neurogenesis in the adult mouse den-
tate gyrus. Nat Neurosci 1999;2:266-70.
91. Hasler G, van der Veen JW, Tumonis
T, Meyers N, Shen J, Drevets WC. Reduced
prefrontal glutamate/glutamine and gam-
ma-aminobutyric acid levels in major de-
pression determined using proton mag-
netic resonance spectroscopy. Arch Gen
Psychiatry 2007;64:193-200.

92. Bhagwagar Z, Wylezinska M, Jezzard
P, et al. Reduction in occipital cortex
gamma-aminobutyric acid concentrations
in medication-free recovered unipolar de-
pressed and bipolar subjects. Biol Psychi-
atry 2007;61:806-12.

93. Sanacora G, Gueorguieva R, Epperson
CN, et al. Subtype-specific alterations of
gamma-aminobutyric acid and glutamate
in patients with major depression. Arch
Gen Psychiatry 2004;61:705-13.

94, Zarate CA Jr, Singh JB, Carlson PJ, et
al. A randomized trial of an N-methyl-D-
aspartate antagonist in treatment-resis-
tant major depression. Arch Gen Psychia-
try 2006;63:856-64.

95. Seeman P, Ko F, Tallerico T. Dopa-
mine receptor contribution to the action
of PCP, LSD and ketamine psychotomi-
metics. Mol Psychiatry 2005;10:877-83.
96. Choudary PV, Molnar M, Evans §J, et
al. Altered cortical glutamatergic and
GABAergic signal transmission with glial
involvement in depression. Proc Natl Acad
Sci U S A 2005;102:15653-8.

97. Barbon A, Popoli M, La Via L, et al.
Regulation of editing and expression of
glutamate alpha-amino-propionic-acid
(AMPA)/kainate receptors by antidepres-
sant drugs. Biol Psychiatry 2006;59:713-
20.

98. Brambilla P, Perez J, Barale F, Schet-
tini G, Soares JC. GABAergic dysfunction
in mood disorders. Mol Psychiatry 2003;8:
715, 721-37.

99. Hasler G, Neumeister A, van der Veen
JW, et al. Normal prefrontal gamma-ami-
nobutyric acid levels in remitted depressed
subjects determined by proton magnetic
resonance spectroscopy. Biol Psychiatry
2005;58:969-73.

100. Rajkowska G, O’'Dwyer G, Teleki Z,
Stockmeier CA, Miguel-Hidalgo JJ.
GABAergic neurons immunoreactive for
calcium binding proteins are reduced in
the prefrontal cortex in major depression.
Neuropsychopharmacology 2007;32:471-
82.

101. Lewy AJ, Lefler BJ, Emens JS, Bauer
VK. The circadian basis of winter depres-
sion. Proc Natl Acad Sci U S A 2006;
103:7414-9.

102. Lopez-Rodriguez F, Kim J, Poland

WWW.NEJM.ORG JANUARY 3, 2008

Downloaded from www.nejm.org at KIZ - ABT LITERATURVERWALTUNG on April 3, 2009 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

67



68

RE. Total sleep deprivation decreases im-
mobility in the forced-swim test. Neuro-
psychopharmacology 2004;29:1105-11.
103. Johansson C, Willeit M, Smedh C, et
al. Circadian clock-related polymorphisms
in seasonal affective disorder and their rel-
evance to diurnal preference. Neuropsy-
chopharmacology 2003;28:734-9.

104. Bunney WE, Bunney BG. Molecular
clock genes in man and lower animals:
possible implications for circadian abnor-
malities in depression. Neuropsychophar-
macology 2000;22:335-45.

105. Einat H, Kronfeld-Schor N, Eilam D.
Sand rats see the light: short photoperiod
induces a depression-like response in a
diurnal rodent. Behav Brain Res 20006;
173:153-7.

106. Beasley CL, Honer WG, Bergmann K,
Falkai P, Liitjohann D, Bayer TA. Reduc-
tions in cholesterol and synaptic markers
in association cortex in mood disorders.
Bipolar Disord 2005;7:449-55.

107. Strous RD, Maayan R, Lapidus R, et
al. Dehydroepiandrosterone augmenta-
tion in the management of negative, de-
pressive, and anxiety symptoms in schizo-
phrenia. Arch Gen Psychiatry 2003;60:
133-41.

108. Schmidt PJ, Daly RC, Bloch M, et al.
Dehydroepiandrosterone monotherapy in
midlife-onset major and minor depres-
sion. Arch Gen Psychiatry 2005;62:154-
62.

109. Torregrossa MM, Jutkiewicz EM,
Mosberg HI, Balboni G, Watson §J,
Woods JH. Peptidic delta opioid receptor
agonists produce antidepressant-like ef-
fects in the forced swim test and regu-
late BDNF mRNA expression in rats.
Brain Res 2006;1069:172-81.

110. Weber MM, Emrich HM. Current and
historical concepts of opiate treatment in
psychiatric disorders. Int Clin Psycho-
pharmacol 1988;3:255-66.

111. Kennedy SE, Koeppe RA, Young EA,
Zubieta JK. Dysregulation of endogenous
opioid emotion regulation circuitry in

MECHANISMS OF DISEASE

major depression in women. Arch Gen
Psychiatry 2006;63:1199-208.

112. Janowsky DS, Overstreet DH. Cholin-
ergic-muscarinic dysfunction in mood
disorders. In: Soares JC, Young AH, eds.
Bipolar disorders: basic mechanisms and
therapeutic implications. 2nd ed. New York:
Informa Healthcare, 2007:67-88.

113. Shytle RD, Silver AA, Lukas RJ, New-
man MB, Sheehan DV, Sanberg PR. Nicotinic
acetylcholine receptors as targets for antide-
pressants. Mol Psychiatry 2002;7:525-35.
114. Popik P, Kozela E, Krawczyk M. Nico-
tine and nicotinic receptor antagonists
potentiate the antidepressant-like effects
of imipramine and citalopram. Br J Phar-
macol 2003;139:1196-202.

115. Goshen I, Kreisel T, Ben-Menachem-
Zidon O, et al. Brain interleukin-1 medi-
ates chronic stress-induced depression in
mice via adrenocortical activation and hip-
pocampal neurogenesis suppression. Mol
Psychiatry (in press).

116. Dantzer R, Wollman E, Vitkovic L,
Yirmiya R. Cytokines and depression: for-
tuitous or causative association? Mol Psy-
chiatry 1999;4:328-32.

117. Spalletta G, Bossu P, Ciaramella A,
Bria P, Caltagirone C, Robinson RG. The
etiology of poststroke depression: a re-
view of the literature and a new hypothe-
sis involving inflammatory cytokines. Mol
Psychiatry 2006;11:984-91.

118. Sullivan GM, Mann JJ, Oquendo MA,
Lo ES, Cooper TB, Gorman JM. Low cere-
brospinal fluid transthyretin levels in de-
pression: correlations with suicidal ide-
ation and low serotonin function. Biol
Psychiatry 2006;60:500-6.

119. Bauer M, Heinz A, Whybrow PC. Thy-
roid hormones, serotonin and mood: of
synergy and significance in the adult brain.
Mol Psychiatry 2002;7:140-56.

120. Desouza LA, Ladiwala U, Daniel SM,
Agashe S, Vaidya RA, Vaidya VA. Thyroid
hormone regulates hippocampal neuro-
genesis in the adult rat brain. Mol Cell
Neurosci 2005;29:414-26.

121. Cooper-Kazaz R, Apter JT, Cohen R,
et al. Combined treatment with sertraline
and liothyronine in major depression: a
randomized, double-blind, placebo-con-
trolled trial. Arch Gen Psychiatry 2007;
64:679-88.

122. George MS, Belmaker RH, eds. Tran-
scranial magnetic stimulation in clinical
psychiatry. Washington, DC: American
Psychiatric Publishing, 2007.

123. Mayberg HS, Lozano AM, Voon V, et
al. Deep brain stimulation for treatment-
resistant depression. Neuron 2005;45:651-
60.

124. Milak MS, Parsey RV, Keilp J, Oquen-
do MA, Malone KM, Mann JJ. Neuroana-
tomic correlates of psychopathologic com-
ponents of major depressive disorder. Arch
Gen Psychiatry 2005;62:397-408.

125. Pizzagalli DA, Oakes TR, Fox AS, et
al. Functional but not structural subgenu-
al prefrontal cortex abnormalities in mel-
ancholia. Mol Psychiatry 2004;9:325,393-
405.

126. Hastings RS, Parsey RV, Oquendo
MA, Arango V, Mann JJ. Volumetric anal-
ysis of the prefrontal cortex, amygdala,
and hippocampus in major depression.
Neuropsychopharmacology 2004;29:952-
9.

127. Airan RD, Meltzer LA, Roy M, Gong
Y, Chen H, Deisseroth K. High-speed im-
aging reveals neurophysiological links to
behavior in an animal model of depres-
sion. Science 2007;317:819-23.

128. Potter GG, Blackwell AD, McQuoid
DR, et al. Prefrontal white matter lesions
and prefrontal task impersistence in de-
pressed and nondepressed elders. Neuro-
psychopharmacology 2007;32:2135-42.
129. Kendler KS, Bulik CM, Silberg J,
Hettema JM, Myers J, Prescott CA. Child-
hood sexual abuse and adult psychiatric
and substance use disorders in women:
an epidemiological and cotwin control
analysis. Arch Gen Psychiatry 2000;57:
953-9.

Copyright © 2008 Massachusetts Medical Society.

POSTING PRESENTATIONS AT MEDICAL MEETINGS ON THE INTERNET
Posting an audio recording of an oral presentation at a medical meeting on the
Internet, with selected slides from the presentation, will not be considered prior
publication. This will allow students and physicians who are unable to attend the
meeting to hear the presentation and view the slides. If there are any questions
about this policy, authors should feel free to call the Journal’s Editorial Offices.

N ENGL ) MED 358;1

WWW.NEJM.ORG JANUARY 3, 2008

Downloaded from www.nejm.org at KIZ - ABT LITERATURVERWALTUNG on April 3, 2009 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



Lee et al. Molecular Brain 2010, 3:8
http://www.molecularbrain.com/content/3/1/8

@ Molecular Brain

Depression research: where are we now?
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Abstract

depression and antidepressant action.

Extensive studies have led to a variety of hypotheses for the molecular basis of depression and related mood disor-
ders, but a definite pathogenic mechanism has yet to be defined. The monoamine hypothesis, in conjunction with
the efficacy of antidepressants targeting monoamine systems, has long been the central topic of depression
research. While it is widely embraced that the initiation of antidepressant efficacy may involve acute changes in
monoamine systems, apparently, the focus of current research is moving toward molecular mechanisms that
underlie long-lasting downstream changes in the brain after chronic antidepressant treatment, thereby reaching for
a detailed view of the pathophysiology of depression and related mood disorders. In this minireview, we briefly
summarize major themes in current approaches to understanding mood disorders focusing on molecular views of

Introduction

Mood disorders such as major depression and bipolar
disorders are the most common psychiatric disorders in
modern society. About 16% and 1% of the population
are estimated to be affected by major depression and
bipolar disorder one or more times during their life
time, respectively [1]. The presence of the common
symptoms of these disorders are collectively called
‘depressive syndrome’ and includes a long-lasting
depressed mood, feelings of guilt, anxiety, and recurrent
thoughts of death and suicide [2]. The genetic contribu-
tion to the manifestation of depression has been esti-
mated as 40-50% [3]. However, combinations of
multiple genetic factors may be involved in the develop-
ment of depression, because a defect in a single gene
usually fails to induce the expression of multifaceted
symptoms of depression [4]. Also, various non-genetic
factors such as stress, affective trauma, viral infection,
and neurodevelopmental abnormalities increase the
complexity of the pathogenesis of the disease. Thus,
extensive studies have led to a variety of hypotheses for
the molecular mechanism of depression, but a definite
pathogenic mechanism has yet to be defined.

The ‘monoamine hypothesis,” which suggests a defi-
ciency or imbalances in the monoamine neurotransmit-
ters, such as serotonin, dopamine and norepinephrine,
as the cause of depression has been the central topic of
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Department of Life Science, Division of Molecular and Life Science, Pohang
University of Science and Technology, Pohang, Republic of Korea

( BioMVed Central

depression research for approximately the last 50 years.
This hypothesis has been initiated and supported by the
fact that early versions of antidepressants including tri-
cyclics and monoamine oxidase inhibitors have the com-
mon effect of acutely enhancing monoamine function
[5-7]. Recent development of the selective serotonin
reuptake inhibitors (SSRIs) as effective antidepressants
has further strengthened the hypothesis [6,8]. However,
unresolved complexity of the current antidepressants
remains. First, antidepressants are effective in less than
50% of patients, and recently discovered drugs have
failed to enlarge the extent of applicable patients [2].
Second, chronic treatment with antidepressants is
required for clinical effects, and the reason for this is
unknown [9]. Third, depression medications as well as
mood stabilizers show a wide spectrum of undesired
side effects.

In particular, because clinical effects of antidepressants
that acutely modify monoamine systems are significantly
delayed, it is now believed that an adaptation of down-
stream events, including lasting changes in gene expres-
sion by chronic treatment, underlie the antidepressant
efficacy [10]. This phenomenon suggests that there is
probably not a simple relationship between biogenic
amines and depression postulated by classical monoa-
mine hypothesis. The complexity may be due to multi-
ple factors, which is likely because depression is a group
of disorders with several underlying pathologies. Also,
expression of depression symptoms may require distur-
bances in certain neurotransmitter systems that are

© 2010 Lee et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
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functionally interconnected to each other at multiple
levels. Taken together, while it still has to be empha-
sized that the initiation of antidepressant efficacy may
be mediated by acute changes in monoamine systems,
apparently, the focus of current research is moving
toward molecular mechanisms that underlie long-lasting
downstream changes in the brain after chronic antide-
pressant treatment, thereby reaching for a detailed view
to the pathophysiology of depression and related mood
disorders. In this minireview, we summarize major
themes in current approaches to understanding depres-
sion and related mood disorders.

Gene-environment interactions

As a way to discovering genes predisposing to depres-
sion, geneticists have long been searching for gene var-
iants that play a role in the response to life stresses, a
critical environmental factor for the onset of depression,
which would be an example of ‘gene-environment inter-
action’: whereby an environmental factor is filtered
through the activity of a gene to confer differential sus-
ceptibility to depression among individuals. To this end,
polymorphisms in the serotonin transporter (5-hydroxyl-
tryptamine transporter, 5-HTT) gene have been exten-
sively analyzed. It has been reported that the expression
level of 5-HTT from the 5-HTT gene is influenced by
polymorphisms in the 5’-flanking region (5-HTT gene-
linked polymorphic region, 5-HTTLPR) and in the vari-
able number tandem repeat (VNTR) of the second
intron [11,12]. In particular, a short variant of 5-
HTTLPR appears to be associated with repressed tran-
scriptional activity of the promoter, decreased 5-HTT
expression, and decreased 5-HT uptake when compared
with a long variant of 5-HTTLPR [13]. Significantly,
genetic studies have shown that these polymorphisms
are associated with major depressive disorder in human
[14]. Moreover, a longitudinal study with 847 New Zeal-
anders has shown that a short allele of 5-HTTLPR var-
iants is associated with an increase in susceptibility to
depression in response to life stresses such as job losses
or divorces [15]. Strikingly, in this study, the poly-
morphism is influential only when the subjects are in
significant life stresses, suggesting that 5-HTT may be a
connecting point between individual’s genetic makeup
and environmental triggers of depression. These obser-
vations were further strengthened by study showing that
increased depression scores in maltreated children with-
out social supports are associated the short allele of
SHTTLPR [16].

However, the insight from these studies does not
appear to be fully supported by other studies. The asso-
ciation of allelic variation in VNTR of 5-HTT gene with
the susceptibility to depression was not consistently
detected in some analyses [17,18]. A meta-analysis
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showed that polymorphisms in 5-HTTLPR and the sec-
ond intron are actually found in depressed patients but
the strength of association does not reach a statistical
significance [19]. An extensive study using 1206 twins
also failed to find a main effect of 5-HTTLPR, or an
interaction between the 5-HTTLPR genotype and stress-
ful life events on major depression [20]. Moreover, a
recent meta-analysis using 14 comparable studies has
yielded no evidence that the serotonin transporter geno-
type alone or in interaction with stressful life events is
associated with an elevated risk of depression [21]. The
mixed results from these studies reveal the potential
weakness of the ‘candidate gene’ approach focusing on a
specific gene variant to elucidate gene-environment
interactions, and thus add importance on unbiased
whole-genome scan approach, especially when a disease
with polygenic nature, such as depression and related
mood disorders, is concerned.

Stress response circuits

Chronic stress is an important component in depression
even though it does not seem to function as a necessary
or sufficient factor. From this point of view, the
hypothalamic-pituitary-adrenal (HPA) axis, a core neu-
roendocrine circuit for managing stress in the body, has
been a topic of interest in depression research [22]. Cor-
ticotrophin-releasing factor (CRF) secreted from the
paraventricular nucleus of the hypothalamus enhances
secretion of adrenocorticotrophin (ACTH) from the
pituitary [22,23], and subsequently, glucocorticoid is
secreted from the adrenal cortex, impacting neurobeha-
vioral functions of various brain regions [2]. The HPA
axis forms a feedback loop via certain brain regions
such as the hippocampus and amygdala [24]. It was
reported that hypercortisolemia, a persistent upregula-
tion of blood glucocorticoid levels, increases the excito-
toxicity of CA3 pyramidal neurons in the hippocampus,
resulting in dendritic atrophy, reduction in spinogenesis,
apoptosis of neurons, and possibly inhibition of adult
neurogenesis [25]. These functional abnormalities of
hippocampal neurons caused by chronic stress can
reduce the inhibitory tone on the HPA-axis, which
results in hyperactivity of the HPA-axis [23]. Notably,
hyperactivity of HPA-axis is evident in approximately
half of depressed patients and chronic treatment with
antidepressants often reverses this phenomenon [23,26].
Furthermore, evidence from animal studies suggests that
chronic treatment with antidepressants appears to con-
tribute to the recovery of the abnormal function of the
hippocampus by increasing neurogenesis [27,28].

In this regard, one research direction is to evaluate the
therapeutic potentials of weakening of the functions of
the HPA axis. The obvious targets are CRF receptors
expressed in the pituitary and glucocorticoid receptors
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expressed in the hippocampus and other brain regions,
because those receptors are core components in the
HPA axis and the associated feedback loop [24,29-32].
In a similar context, vasopressin receptors have also
emerged as alternative targets [33,34]. Vasopressin is a
neuropeptide that enhances CRF function and works
through vasopressin receptors expressed in the amygdala
and other parts of the limbic system. Also, a single
nucleotide polymorphism (SNP) of vasopressin 1b (V1b)
receptor has protective effects against major depressive
disorder [35]. Intriguingly, antagonism of CRF receptors,
glucocorticoid receptors, and vasopressin receptors
appear to exhibit antidepressant effects in experimental
animals. The applicability to human patients remains to
be further refined.

Neurotrophic factors

Long-term stress appears to reduce the expression level
of brain derived neurotrophic factor (BDNF) in the
hippocampus [36]. Also, in a post-mortem study of
depressed patients, a reduction in BDNF expression was
reported [37]. In addition, polymorphisms of BDNF
gene are associated with neuroticism, a personality trait
linked to increased susceptibility to depression [38].
A family-based association study showed that poly-
morphisms in BDNF genes are related to bipolar disor-
ders [39]. Conversely, a chronic treatment with
antidepressants not only enhances the BDNF level but
also increases the stress resistance in animals [40,41].
These observations provided a basis for ‘neurotrophism
theory’ stating that depression is caused by a deficit in
neurotrophic factors, and antidepressants neutralize this
deficit. This theory may be intimately related to neuro-
nal damages in the hippocampal region caused by
hyperactivity of stress response circuits aforementioned.
Because BDNF is known to enhance synaptic plasticity
in various brain regions [42,43], it is reasonable to pos-
tulate that improving BDNF function may be beneficial
to the hippocampal neurons that are susceptible to
stress-induced damages. Supporting this idea, direct
injection of BDNF into the hippocampus of experimen-
tal animals induces behavioral changes similar to antide-
pressant treatment [41]. Thus, BDNF and its receptor
TrkB, have become promising targets of novel-type anti-
depression therapies.

Despite these observations, a possible causative rela-
tionship between BDNF function and the pathogenesis
of depression or antidepressant efficacy requires further
clarification. For example, while the antidepressant effi-
cacy is suppressed in experiments using inducible BDNF
knock-out mice, depression-related behaviors are only
seen in females, showing significant gender differences
[36]. Moreover, forebrain-specific conditional TrkB
receptor knockout mice do not exhibit depression-
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related behaviors such as increased behavioral despair in
the forced swim test [44], whereas it has been demon-
strated that activation of TrkB receptor is required for
antidepressant-induced behavioral effects [45]. Thus, the
relationship between the loss of BDNF activity and the
expression of depressive symptoms is not in a simple
correlation. Nevertheless, the potential value of the neu-
rotrophic theory as a basis for the design of new form
of anti-depression therapies cannot be excluded by the
complexity of the current experimental results.

Histone modifications
One poorly understood characteristic of antidepressants
is the long delay before the onset of positive effects in
patients [10]. This phenomenon is often attributed to
the slow development of adaptation in the relevant neu-
rons that underlies the beneficial effect of the drugs.
The identity of the adaptation is not clear yet, but
enduring changes in the state of chromatin are thought
to be involved. Chronic electro-convulsive shocks that
are effective for some depressed patients also induce
changes in wide range of the histone modification pat-
terns in experimental animals [46]. One locus with pro-
minent changes is BDNF, and in conjunction with the
suggestion of BDNF as a potential target for design of
new antidepressants, the epigenetic control of BDNF
expression has been extensively analyzed in the context
of the expression of depression and chronic antidepres-
sant treatments. In the rat hippocampus, chronic elec-
tro-convulsive shocks increase acetylated histone H3 at
the BDNF promoters 3 and 4, and these modifications
appear to be correlated with increased expression of
BDNF and CREB [46]. This upregulation has been
linked to the effects of antidepressants in animal studies
[28,47]. Moreover, chronic defeat stress, an experimental
model for depression, elicits selective downregulation of
some BDNF splice variants, in the hippocampus [28].
This downregulation appears to be due to induction of
H3-K27 dimethylation, a histone code for transcriptional
repression [28,48]. Conversely, an antidepressant treat-
ment reverses repression of BDNF expression likely by
inducing H3 acetylation and H3-K4 methylation, acting
as histone codes for transcriptional activation, at the
BDNF promoter region [49]. During this whole process,
roles for histone deacetylases (HDACs) seem to be cru-
cial because chronic antidepressant treatment downre-
gulates HDACS5, and overexpression of HDACS5 in the
hippocampus prevents its antidepressant effect [28].
HDAC inhibitors have thus received attention for their
potentials as promising therapeutics for depression and
related mood disorders. HDAC inhibitors are members
of four families: the short chain fatty acids (e.g. sodium
butyrate (SB), phenylbutyrate, and valproic acid (VPA)),
the hyroxamic acids (e.g. TSA and suberoylanilide
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hydroxamic acid (SAHA)), the epoxyketones (e.g. tra-
poxin), and the benzamides. One of the most widely
used mood stabilizers is VPA. As VPA is known to have
an inhibitory activity on HDACI and presumably other
HDAC:s [50], it has been proposed that its mood stabi-
lizing efficacy may be mediated at least in part by his-
tone modifications. Another study showed that HDAC
inhibitors such as VPA, SB, and TSA increase BDNF
expression in the brain [51]. Thus, epigenetic mechan-
isms, especially histone modification, seem to have the
potential to provide new mechanistic insights into the
expression of depression and novel treatments for
depression and related mood disorders.

Adult hippocampal neurogenesis

Brain imaging studies showing reduced hippocampal
volume in depressed patients have provided a platform
for investigating adult neurogenesis in the context of the
pathogenesis of depression [52]. The hypothesis states
that chronic stresses and other depression-inducing sti-
muli decrease neurogenesis [53-55], whereas antidepres-
sant efficacy may rely on an increase in neurogenesis
[54-56]. Adult neurogenesis is restricted to the subven-
tricular zone and subgranular zone of the hippocampus
[57], and this emphasizes the potential importance of
hippocampal neurogenesis during the onset as well as
during the treatment of depression. Supporting this
idea, various animal models of depression, such as
learned helplessness, chronic mild stress, and psychoso-
cial stress, are associated with reductions in hippocam-
pal neurogenesis [58-60]. Conversely, chronic
antidepressant treatment not only increases neurogen-
esis but also supports survival of newborn neurons [61].
It has also been shown that the antidepressant efficacy
of tricyclics, imipramine, and SSRIs requires hippocam-
pal neurogenesis in rodents [58,62,63]. Furthermore,
chronic fluoxetine treatment appears to increase the
number of synapses in the pyramidal cell layers and
block the decrease in spine density in the dentate gyrus
and other hippocampal cell layers [64]. Notably,
enriched environments, which is known to enhance hip-
pocampal neurogenesis [65], decrease depression-related
behaviors in rodents [66,67].

The expression level of BDNF deserves attention when
examining the molecular mechanisms underlying the
antidepressant-mediated increase in neurogenesis. As
described above, in various animal models of depression,
the BDNF level is decreased [40], whereas chronic anti-
depressant medication and electro-convulsive shocks
increase the levels in the hippocampus [28,46]. A recent
study showed that CREB, a transcription factor that reg-
ulates expression of CRE-containing target genes includ-
ing BDNF, is also upregulated and activated in
hippocampus by chronic antidepressant treatment
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[2,53,68,69]. However, the cause and effect relationship
among the induction of CREB and BDNF, the neurogen-
esis, and behavioral effects of antidepressants remains to
be further investigated.

Recent studies demonstrated that long-term adminis-
tration of mood stabilizers such as lithium, valproic
acid, and carbamazepine also enhances adult hippocam-
pal neurogenesis [70-72]. Lithium directly inhibits glyco-
gen synthase kinase-3 (GSK-3) and inositol signaling
[73]. VPA enhances gene expression likely by inhibiting
HDAC:S, indirectly blocks GSK-3 activity, and suppresses
inositol signaling [71,74-76]. Although it remains
unclear whether the GSK-3 and inositol signaling are
actually linked with clinical effects of mood stabilizers,
the data suggest a common molecular pathway consti-
tuting the pathophysiology of depression and related
mood disorders that converges on adult hippocampal
neurogenesis.

Substance withdrawal

Various drugs such as alcohol, psychostimulants, opiates
and N-methyl-D-aspartate (NMDA) receptor antagonists
generate a physiological response called withdrawal
symptoms during abstinence in humans and experimen-
tal animals [77-80]. The characteristics of affective
symptoms caused by drug withdrawal and major depres-
sive disorder are strikingly similar [80]. Depressed mood
and anhedonia are commonly present with both drug
abstinence and depressive disorders [81]. Hyperphagia,
hypersomnia, feelings of fatigue, and suicidal ideation
are also observed in both conditions [82,83]. Disruptions
of the HPA axis are also seen during drug withdrawal,
and are accompanied by increased levels of cortisol and
elevated cerebrospinal levels of CRF [84]. In addition,
elevated levels of cortisol, ACTH and B-endorphin dur-
ing early cocaine withdrawal resemble those in
depressed patients [85]. Brain-imaging studies using
positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI) have revealed that
methamphetamine withdrawal induces decreased glu-
cose metabolism in the anterior cingulate cortex and
insula, and increased metabolic activity in the amygdala
and orbitofrontal cortex, all of which are frequently
observed in clinical depression [86].

Much evidence shows that depression and related
mood disorders are accompanied by abnormalities in
dopaminergic transmission in the nucleus accumbens
(NAc) and ventral tegmental area (VTA), regions that
are core parts of the brain reward circuit [87]. It is well
established that depressed patients have difficulties in
the expression of pleasure and acquisition of motivation,
which are mainly governed by a normal NAc-VTA
dopamine circuit [88]. Consistently, it has been shown
that a deregulation of dopamine D2 receptor signaling



Lee et al. Molecular Brain 2010, 3:8
http://www.molecularbrain.com/content/3/1/8

results in depression-like behaviors in experimental ani-
mals [89], and that neuronal nitric oxide synthase
(nNOS) knockout mice with altered dopamine D1
receptor signaling exhibit decreased depression-related
behaviors [90]. Because nearly all drugs of abuse directly
or indirectly activate monoaminergic neurotransmission
in the limbic system, resulting in reward sensations
[91,92], it has been postulated that counter-adaptations
may occur in opposition to the reward effects with
chronic drug intake, generating cognitive, motivational,
and affective impairments, including depression-like
symptoms during the drug withdrawal period [93].

As described above, in many ways, depressive mood
subsequent to drug withdrawal shares common charac-
teristics, such as neuro-hormonal changes, regional
brain activity, and pharmacological responses, with clini-
cal depression. However, it needs to be emphasized that
the onset, course, duration, and other factors such as
involvement of substances diagnostically distinguishes
substance-induced mood disorders from major depres-
sive disorders [94,95]. Some experimental data also hint
at differences between these conditions at the molecular
level, demanding cautions when interpreting the related
observations. For example, dopamine transporter densi-
ties are increased in the striatum in both cases [96], but
serotonin transporter densities are elevated in the brain-
stem during the early stage of cocaine abstinence [97],
but not in clinical depression [98]. Also, some abstinent
drug addicts have been treated with antidepressant
drugs to reduce drug craving, but the positive effect of
these drugs needs further validation [99]. Nonetheless,
insights from these views not only tell us that brain
reward circuits composed of the mesolimbic system are
potentially important in understanding depression, but
also provide a useful behavioral readout for depressive
mood in experimental animals.

Circadian rhythms

Circadian rhythm is a roughly 24-hour cycle of bio-
chemical, physiological, and behavioral processes under
control of internal clock [100-102]. From the clinical
point of view, a potential link between circadian
rhythms and depression or related mood disorders has
long been postulated. For example, it is relatively well
known that insufficient length of light phase to entrain
the circadian rhythm can be causative for the develop-
ment of seasonal affective disorders [103,104]. Also,
abnormal regulation of sleep/wake cycles, body tempera-
ture, blood pressure, and various endocrine functions
under the control of circadian clock are prominent
symptoms of mood disorders [102,105-110]. However,
molecular mechanisms underlying the link are still lar-
gely unknown.
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Recently, interesting observations have been made in
the mutant mouse that has a deletion of 19th exon of
Clock gene, a core component of molecular clock. The
mouse exhibits hyperactive VT A dopaminergic neurons
and behavioral phenotypes that are reminiscence of
mania seen in bipolar disorder patients [111,112]. More-
over, lithium, a mood stabilizer for bipolar depression
patients, effectively inhibits GSK3p, a core regulatory
component in the molecular clock. Lithium also has an
effect on the nuclear entry of Period-Cryptochrome het-
erodimers, a key process to form a negative loop in the
molecular clock, likely through an inhibition of GSK3f
activity. Furthermore, lithium appears to regulate activ-
ity of Rev-erb a that links the negative loop to the posi-
tive loop in the biological clock [113-116].

Potential links between circadian rhythm and the
monoamine system are also reported. The synthesis
and/or secretion of monoamine neurotransmitters and
the function of their receptors are under influence of
circadian rhythms. The circadian rhythmicity of dopa-
mine transporter and tyrosine hydroxylase expression in
dopaminergic neurons is also disrupted when the supra-
chiasmatic nucleus of the hypothalamus, the central part
of endogenous clock, is damaged [117]. Moreover,
monoamine oxidase-A (MAO-A) expression is regulated
by dimer formation of Clock and Bmall, and MAO-A
activity accordingly shows a circadian rhythmicity [118].
Conversely, the expression of circadian genes such as
Clock, Perl, and Bmall is stimulated when dopamine
D1 receptor is activated, and suppressed when dopa-
mine D2 receptor is activated in the limbic area [119].
Collectively, the molecular clock appears to be tightly
interconnected with monoamine systems, which might
explain symptomatic correlation between circadian
rhythm and depression at the molecular level.

Although the relationship among the daily variations
of mood, endogenous molecular clock, and the expres-
sion of depressive symptoms is complicated, normaliza-
tion of the biological rhythms of a depressive individual
could have a beneficial effect. In this regard, the recent
development of agomelatine as an antidepressant is of
great interest. Agomelatine is a potent agonist for mela-
tonin receptors and has capacity to reset the internal
circadian clock [120,121]. Intriguingly, it also exhibits
antagonistic activity on 5-HT,¢ receptor, thereby indir-
ectly enhancing the dopamine and norepinephrine neu-
rotransmission [122-124]. Moreover, agomelatine affects
differentially various stages of neurogenesis in the dorsal
and ventral hippocampus [125]. Further understanding
of the molecular basis of agomelatine action and its effi-
cacy may provide interesting insight into the interface
between circadian rhythm and pathophysiology of
depression.
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Figure 1 Approaches to the development of antidepressants targeting non-monoaminergic components. Chronic stress can cause
hypercortisolemia which results in neuronal damages in the hippocampus, thereby weakening the feedback inhibition on HPA axis. Chronic
stress also can inhibit the expression of neurotrophic factors through epigenetic mechanisms. On the other hand, chronic treatment of
antidepressants and mood stabilizers can establish epigenomic environments that favor the expression of anti-depression genes. The targets may
include genes for neurotrophic factors which prevent neuronal damages and enhance hippocampal neurogenesis. Some of approaches to the
development of antidepressants targeting non-monoaminergic components are also shown.
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Functional anatomy

Information on brain regions and neural circuitry
responsible for the expression and progression of a dis-
ease is an important platform to better diagnose the dis-
ease and to properly interpret the observations obtained
from molecular, cellular, and tissue experiments in the
clinically relevant context. While various brain regions
are known to be involved in regulation of mood or emo-
tion, definite information on central neural circuits
responsible for mood disorders is still incomplete,
mainly because anatomical lesions in patients have been
less consistently found relative to other various neurolo-
gical disorders such as some neurodegenerative diseases.
However, there are neuropathological and neuroradiolo-
gical studies that have established interesting associations
between mood disorders and structural abnormalities in
the brain. For example, glial reduction was observed in
anterior cingulate gyrus and neuronal abnormalities were
detected in the dorsolateral prefrontal cortex in post-
mortem neuropathological studies of mood disorder
patients [126,127]. Radiological studies using MRI also
revealed reduced volumes of orbitofrontal and subgenual

anterior cingulate cortex [128-130], electrical stimula-
tion of which correlatively elicits an antidepressant
effect [131]. Most notably, reductions in hippocampal
volume in depressed elderly patients were reported
[132,133].

Recent brain imaging studies mainly using fMRI are
adding information on brain regions that play important
roles in depressive symptoms at the functional level
[134]. Functional changes in brain regions such as pre-
frontal/cingulate cortex, hippocampus, striatum, amyg-
dala, and thalamus are correlated with depression [52].
The neocortex and hippocampus also appear to play cri-
tical roles in the symptoms related to the cognitive defi-
cits that are prevalent in depressed patients [55], and
the nucleus accumbens and amygdala seem to be core
regions for anhedonia and emotional memory-related
symptoms [135,136]. The functional changes in the
hypothalamus are also linked to sleep- and appetite-
associated symptoms [137]. Research on these topics is
now being accelerated by fast advances in brain imaging
technologies, and the outcome, in combination with the
information from the conventional anatomical studies, is
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driving the generation of a higher-resolution picture of
the neural circuitry relevant to depression.

Conclusion

A prerequisite for effective control of depression and
related mood disorders is to understand their detailed
molecular pathways. Although the classical stress model
of depression and current understanding of antidepres-
sant action appears to be partially linked via epigenetic
mechanisms and hippocampal neurogenesis (Figure 1),
obviously, the current picture of the pathophysiology of
depression is largely incomplete, and thus many poten-
tial hypotheses are being generated and tested, forming
fragmented neurobiological views of depression and
related mood disorders. One major task in the field
must be to integrate the relevant hypotheses to formu-
late a bigger picture of the pathophysiology of depres-
sion and related disorders. A key step may be to define
the high-resolution neural circuitry of depression, which
will provide a platform to better interpret the observa-
tions obtained from molecular, cellular, and tissue
experiments at the organism level. Another critical step
will be to identify ‘depression genes’ that are causative
for depression. This will help us generate genetic animal
models that may not only be critical for clarifying many
issues in depression research using experimental ani-
mals, but may also be useful for assessing the potential
efficacy of candidate antidepressants. Finally, the most
challenging task in the field is to overcome the limita-
tions of current therapies, which are only effective in a
fraction of patients. It has long been expected that novel
antidepressants targeting non-monoamine systems
would enlarge the extent of treatable patients (Figure 1),
but the progress still falls short of expectations, thereby
leaving it as a pressing task in the field.
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CONTINUING MEDICAL EDUCATION

Treatment of Depressive Disorders

Tom Bschor, Mazda Adli

SUMMARY

Introduction: A confusing variety of options are available
for the treatment of depressive disorders.

Method: Selective literature review under consideration of
current guidelines.

Results: The treatment of depression can be divided into
acute, maintenance and prophylactic phases. The basic
forms of treatment are pharmacotherapy, psychotherapy,
and supportive strategies. The approximately 30 anti-
depressants currently on the market differ mainly with
respect to their side effect profiles. Of the specific types of
psychotherapy, cognitive behavioral therapy, psycho-
dynamic therapy, and psychoanalysis are funded by the
statutory health insurance providers in Germany. All
treatment strategies (except for sleep deprivation) show

a latency of onset of several weeks and a nonresponse rate
of about 30% to 50%. In clinical practice it is essential to
follow a stepwise procedure and to perform a standardized
evaluation of response after the latency period. In the
event of nonresponse, the next step of treatment should be
initiated.

Discussion: Depressive disorders have a good prognosis
provided one takes best advantage of the available treatment
options. Preconditions are continuation of treatment for an
appropriate length of time (for antidepressants ca. 4 to 6
weeks, for psychotherapy ca. 4 to 12 weeks) and
standardized evaluation of response thereafter.
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he diagnostic evaluation of depressive disorders

and their classification as mild, moderate, or
severe was presented a short while ago in an earlier issue
of Deutsches Arzteblatt (1). If depression has been cor-
rectly diagnosed, numerous effective treatment options
are currently available. The prognosis of a depressive
disorder is good if it is treated appropriately and consis-
tently.

The learning aims of this article are

® knowing the fundamentals of the treatment of
depressive disorders (indication, setting, treatment
phases, treatment steps)

® learning the principles of establishment of the
physician-patient relationship

® acquiring basic knowledge about pharmacotherapy
with antidepressants

® acquiring knowledge about treating depression
with different forms of psychotherapy.

This continuing medical education article is based on
a selective review of the literature, combined with the
authors' own extensive experience in the ambulatory
and in-hospital treatment of depressed patients. It presents
the current state of the therapy of depressive disorders,
with an emphasis on treatments that can be provided by
general practitioners and family physicians.

Evidence of a depressive episode requiring treatment,
as opposed to appropriate grief, can include the following:

® Duration of the depressive syndrome > 2 weeks

® Persistently depressed affect that cannot be lightened
even by positive experiences

® A sense of paucity of emotion (the patient does not
consider himself or herself to be sad, but rather
feels "turned to stone" or "dead within")

® Typical circadian fluctuations, with a morning low
and improvement toward evening

® Somatic symptoms without any organic cause

Prognosis

Depressive disorders have a favorable prognosis
if the available treatments are applied consistently
and thoroughly.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2008; 105(45): 782-92



® Inappropriate feelings of guilt, or even depressive
delusions

® Suicidality

® Previous episodes of severe depression

® A family history of severe depressive disorders.

The treatment setting
Depression is a very common condition (1). Therefore,
its diagnosis and treatment, at least in uncomplicated
cases, are tasks not just for the psychiatrist, but for the
general practitioner and family physician as well.
® The indications for referral to a psychiatrist are
— diagnostic uncertainty
— psychiatric comorbidity (e.g., addiction, dementia,
personality disorder)
— severe depressive manifestations
— delusional depression
— depression in the setting of a bipolar affective
disorder (bipolar depression)
— suicidality
— chronified depression
— intractability, i.e., nonresponse to one or two treat-
ments that have been carried out appropriately
— need for psychotherapy or for an intensity of care
that cannot be delivered in the setting of a family
practice.

® The indications for referral for inpatient psychiatric

treatment are

— acute suicidality or other type of self-endanger-
ment (e.g., refusal of food)

— severe delusional or other psychotic manifesta-
tions

— depressive stupor

— the inability, because of illness or other causes, to
participate in outpatient treatment on a regular
basis (e.g., because of a lack of drive)

— imminent neglect of oneself because of the lack
of an adequately supportive social network

— external living conditions that would impair the
success of outpatient treatment, e.g., severe
familial conflicts

— lack of response to outpatient treatment.

Phases and objectives of treatment

The treatment of depression is divided into three phases
(2, 3). The goal of acute therapy is complete or near-
complete remission of the depressive manifestations.
Because the speed of response of depressive disorders to

Depression—a common disorder

The recognition and treatment of depression, at
least in cases with an uncomplicated course,

is a task not just for psychiatrists, but for general
practitioners as well.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2008; 105(45): 782-92

treatment varies, acute therapy may need to be given for
no more than a few weeks or for many months.

After the acute phase, maintenance therapy is given,
with the main goal of preventing an early relapse. Its
duration varies from 6 to 12 months. Maintenance therapy
is indicated during this period because there is a high chance
of relapse regardless of the form of treatment that was used
to induce remission in the acute phase (4). In general, the
form of treatment that led to remission is continued
unchanged into the maintenance phase. A further goal of
maintenance therapy is complete functional recovery, i.e.,
the patient's complete return to his or her premorbid level
of function at home, in the workplace, and elsewhere.

Prophylactic therapy is indicated only in patients
whose illness has taken a recurrent course, depending on
the likelihood of recurrence in the individual case. The
latter can best be judged from the number of prior
depressive episodes and from the intervals of time
between them. If prophylactic therapy is thought to be
indicated, it should be started without any temporal end-
point in view (4). This review article will mainly deal
with acute therapy.

Principles of treatment
The three main types of treatment for depression are

® pharmacotherapy,

® psychotherapy, and

® supportive measures.

Because of the considerable rate of spontaneous
remission, particularly in milder cases of depression
(untreated episodes last for an average of 6 to 8 months),
the physician and the patient may agree on a two- to
four-week period of "watchful waiting" before any
treatment is given (5).

The initial treatment of mild or moderate depression
should consist of monotherapy, either with a single
medication or with psychotherapy, depending on avail-
ability and on the patient's preference. In severe, recurrent,
or chronified depression, as well as for elderly depressed
patients, a primary combination of these two treatment
modalities may be advantageous.

Basic treatment strategy

The foundation of any treatment for depression, including
but not restricted to specific forms of psychotherapy, is
conversation with an empathic and understanding phy-
sician in the framework of a stable therapeutic alliance.
The patient should sense the physician's acceptance of
his or her worries and fears and should feel relieved as a

The basis of treatment

The treatment of depression is based on con-
versation with an empathetic and understanding
physician and on a stable therapeutic alliance.
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result of the therapeutic interview, particularly with re-
spect to feelings of guilt and inadequacy. The physician
should inspire optimism by assuring the patient that
depression is treatable and has a good prognosis. To this
end, it often helps to instruct patients with a biological
model of their condition, making it possible for them—
particularly in the acute stage—to understand their
depressive manifestations as the expression of an illness
and thus as a legitimate, temporary dispensation from
the duties of everyday life. A biological explanation can
often also take away the inexplicable and threatening
character of depression. Chronically depressed patients,
on the other hand, need stepwise activation and promo-
tion of their individual responsibility and initiative.
Over-challenged family members often react with
reproaches, trivializations ("everything will be OK soon
enough, it's not really so bad"), or exhortations to "pull
yourself together." All of these are unhelpful, yet they
underscore the necessity of educating the patient's family,
too, about depression as a treatable illness and of en-
listing them in the effort to bring about recovery. Patients
and their families can be motivated to participate in a
self-help or family group (see German Internet addresses
listed at the end of this article). Written patient informa-
tion can be useful as well (see Internet addresses).

A special danger of depressive disorders is suicidality.
3% to 15% of persons suffering from depression commit
suicide (el), while 40% to 70% of suicide victims had
suffered from depression (6).

The issue of suicidality should always be addressed
repeatedly over the course of treatment. Patients almost
always feel relieved when this topic is discussed. For
concrete management, see the article by Rudolf et al.
(1). Most suicides are announced beforehand in some
way, either directly or indirectly.

Important steps to be taken for suicidal patients are
the following:

® The immediate commencement of a psychothera-

peutic crisis intervention. A stable physician-patient
relationship is the most effective protective factor;
thus, the family physician plays a central role in
such situations.

® Referral to a specialized psychiatrist

® Short-term follow-up at close intervals and clear,

unambiguous agreement on the time and place of
the next session—no vague offers such as, "give me
a call if things are not going well."

® A concrete, 24-hour offer of help: telephone number

of the psychiatric crisis service or rescue center

Suicidality

A special danger of depressive disorders is
suicidality. 3% to 15% of persons suffering from
depression commit suicide, while 40% to 70% of
suicide victims had suffered from depression.

® Obtain the patient's agreement to put off any
thoughts of harming himself or herself and have
the patient commit to an anti-suicide pact. The
latter is an agreement between the physician and
the patient in which the patient promises not to
harm himself or herself within a specified period
of time.

® [npatient referral or involuntary commitment, if

necessary, in accordance with the relevant laws

® For acute suicidality, give benzodiazepine when

indicated.

Because there is no single treatment method to
which all patients will respond, depression is treated,
as a rule, in sequential therapeutic steps (7). The
duration of each step should be long enough to give
the method used a chance to be effective, yet also
short enough to avoid treating the patient ineffectively
for any longer than necessary. Four weeks (or six, for
elderly patients) has generally been found to be an
appropriate period for treatment with antidepressant
medications, four to twelve weeks for specific forms
of psychotherapy.

At the end of this period, the patient's response to
treatment should be evaluated in a standardized fashion.
To this end, a detailed documentation of the patient's
disease manifestations at the outset of the treatment step
is essential. The established, easy-to-use depression
severity scales are also helpful—both external assess-
ment scales (e.g., the Hamilton Depression Scale [8])
and self-assessment scales (e.g., the Beck Depression
Inventory [9]). A "response"” in terms of these scales is
generally said to have occurred when the overall score
has gone down by at least half during the treatment step
in question (10). If this is the case, further treatment
should be aimed at a complete remission of the disease
manifestations. In case of nonresponse, on the other
hand, a transition should be made to the next treatment
step.

Pharmacotherapy

Antidepressants

The antidepressants play a central role in the pharmaco-
therapy of depression. Approximately 30 substances in
this class are approved for use in Germany. All are about
equally effective (5), with a nonresponder rate of one-
third to one-half. All antidepressants have a similar
latency until the onset of their therapeutic effect: for
practical clinical purposes, a latency of two to four
weeks can be assumed (EBM level A [Ia]).

The treatment of depression

As a rule, depression should be treated in
successively applied therapeutic steps, because
not all patients respond to every kind of treatment.
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work mainly by raising the synaptic concentration of
serotonin and/or noradrenaline in the central nervous The mechanism of action of antidepressants
system. They differ only in the precise mechanism by
which they do this (11) (table 1).
Inhibition of serotonin and/or @ Tri- and tetracyclic
noradrenaline reuptake antidepressants (TCA)
Phytotherapy (St. John's wort) o Selective serotonin and noradrenaline
Phytotherapy with St. John's wort preparations is very reuptake inhibitors (SNRI)
popular in Germany in particular. The scientific evidence ® ﬁﬁ:ﬁ)‘im’é ?gggg"'” reuptake
with regard to the efficacy of this agent is mixed at present, e Selective noradrenaline reuptake
with many studies fraught with severe methodological inhibitors (reboxetine)
deficiencies. A current meta-analysis (5) comes to the Inhibition of monoamine oxidases @ Reversible monoamine oxidase
conclusion that St. John's wort is probably effective for inhibitors o
the treatment of mild and moderate depression. The more ® :;rﬁi‘{)?{g:gle monoamine oxidase
than 40 St. John's wort preparations that are now available
on the German market contain extremely variable con- Inhibition of presynaptic autoreceptors | @ Presynaptic receptor antagonists
centrations of more than 400 individual chemical

substances (5).
It is not widely known, yet highly clinically relevant,
that St. John's wort carries with it a major risk of inter-
actions with other medications: by inducing isoenzymes =~ Weekly injections of fluspirilene should not be given
of the cytochrome P450 system, it can weaken the effect ~ because of the risk of tardive dyskinesia.
of many medications, including oral contraceptives,
anticoagulants, digoxin, theophylline, other antidepres-  Lithium
sants, cyclosporine, and anti-HIV agents. Likewise, So-called lithium augmentation plays a role in the acute
when a patient stops taking St. John's wort, the serum  treatment of depression that has not responded to anti-

concentrations of these drugs will rise. depressants (12). Furthermore, lithium as monotherapy
is effective for prophylactic treatment in recurrent
Benzodiazepines depression. Treatment with lithium requires special

Benzodiazepines have no antidepressant effect in the strict ~ knowledge and precautionary measures and should thus
sense of the term, yet they have an acute sedative and  be prescribed only by experienced physicians.
anxiolytic effect and their use may thus be indicated for

severely depressed and suicidal patients for a period no  The course of pharmacotherapy

longer than 14 days. Such treatment is often needed Patient education and shared decision-making

because of the long latency of effect of the antidepressants, ~ Thorough patient instruction about the effect, duration,
which was already mentioned above. The risks and contra-  and possible side effects of treatment is an integral com-
indications of the benzodiazepines must, however, be  ponent of pharmacotherapy. Patients must also be in-
taken into account. For instance, a history of addiction formed that maintenance therapy will be needed after

may be a risk that contraindicates benzodiazepine use. the acute phase of treatment. When discussing these
matters with the patient, the physician must address
Neuroleptics widespread misgivings and ungrounded fears, e.g., of

Neither the older nor the newer neuroleptics have been  addiction or a change of personality. Patient compliance
shown to be effective as monotherapy for unipolar  with psychiatric medication is often inadequate but can
depression. Neuroleptics are indicated only for the treat-  be improved by informing the patient about the latency
ment of delusional depression and should only be pre-  of the antidepressant effect and by describing possible
scribed by a psychiatrist. Studies have shown that some  side effects in advance. Shared decision-making (13)
of the atypical neuroleptics are effective when given in  means that the well-informed patient should be able to
addition to an antidepressant (augmentation therapy), decide for or against taking any proposed antidepressant
but neuroleptics have not been approved for this indication.  medication in tandem with the physician. Letting the

St. John's wort Patient education and shared decision-making

St. John's wort is likely to be effective for the A thorough orientation of the patient about the effect,
treatment of mild or moderately severe depression.  duration, and possible side effects of treatment is an
The available preparations are, however, of variable  integral component of pharmacotherapy. Patients
composition and can lower the effectiveness of must also be informed that maintenance therapy will
many types of concomitantly taken medications. be necessary after the acute phase of treatment.
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Antidepressants
Initial | Standard | High Side effect, risk, and interaction profile
substances dose dose dose*' | (selected) properties
(mg/d) | (mg/d) | (mg/d)
Tricyclic antidepressants: Anticholinergic effects (dry mouth, constipation, Inhibition of serotonin and
amitriptyline, clomipramine, impaired accommodation, urinary retention, delirium, noradrenaline reuptake; also,
desipramine, doxepine, cognitive impairment); orthostatic hypotension; blockade of muscarinic
imipramine, lofepramine, sedation, increased appetite, weight gain acetylcholine receptors,
nortriptyline, trimipramine 25-50 150 300 (esp. with amitriptyline, doxepine, and trimipramine); histamine, receptors,
Tetracyclic heart block, cardiac arrhythmia; and o.;-adrenergic receptors
antidepressant: potentially lethal toxicity with overdose:
maprotiline beware of accidental (impaired memory)
or suicidal overdoses
MAQO inhibitors: For tranylcypromine, pay close attention to drug Tranylcypromine: irreversible
Irreversible: tranylcypromine 10 10-30 80 information (a low-tyramine diet is necessary—beware | MAO-A and MAO-B inhibition;
Reversible: moclobemide 150 300-600 900 of hypertensive crises! Danger of serotonin syndrome | Moclobemide: reversible
when combined with serotonergic medications, or given| MAO-A inhibition
at too short an interval before or after them!). Side effects:
sleep disturbance, orthostatic hypotension, dry mouth.
SSRI: Nausea, inner unrest, sleep disturbance, sexual Selective inhibition of serotonin
Citalopram, fluoxetine, dysfunction, SIADH*2. With fluoxetine, paroxetine, reuptake
paroxetine 20 20-40 not and fluvoxamine, beware of the major risk of
Escitalopram 10 10-20 indicated | interactions with many other drugs because
Fluvoxamine, sertraline 50 50-150 of inhibition of cytochrome P450 isoenzymes!
SNRI: Nausea, inner unrest, sexual dysfunction, Selective inhibition of serotonin
Venlafaxine 75 150-225 375 rise in blood pressure (esp. venlafaxine), and noradrenaline reuptake
Duloxetine 60 60 120 SIADH*2, dry mouth, diaphoresis
Autoreceptor blockers: Sedation, increased appetite, weight gain; mianserin: Blockade of presynaptic
Mianserine 30 60-120 180 risk of changes in blood count (check periodically!) autoreceptors and thus inhibition
Mirtazapine 15 15-45 80 of negative feedback
Other: Sedation, sleep disturbance, increased appetite, Blockade of serotonin, receptors
Trazodone 50-100 | 200-400 600 weight gain, orthostatic hypotension, priapism and presynaptic autoreceptors,
(inform patient!) moderate inhibition of serotonin
reuptake
Bupropion 150 150-300 450 Unrest, sleep disturbance, headache, Inhibition of dopamine and
rise in blood pressure, dry mouth noradrenaline reuptake
Reboxetine 8 8 10 Tachycardia, orthostatic hypotension, inner unrest, sleep| Selective inhibition of
disturbance, dry mouth, diaphoresis, urinary retention | noradrenaline reuptake

“THigh-dose treatment requires more frequent monitoring, sometimes on an inpatient basis, and will predictably result in a higher rate of undesired effects.
*2SJADH, syndrome of inappropriate ADH secretion

patient's family take part in this process also improves
compliance.

used effectively to treat a previous episode, then this
agent should be preferred.
Sedation is a side effect that may be either undesired

The choice of antidepressant or beneficial if the patient suffers from sleep disturbance.

The choice of an antidepressant for acute treatment is
largely based on the side-effect profile, as the agents
used for acute treatment are all comparably effective
(table 2). If a particular antidepressant has already been

The choice of antidepressant

The choice of an antidepressant for acute
treatment is largely based on the side-effect
profile, as the agents used for acute treatment are
all comparably effective.

Tricyclic antidepressants should be avoided in a num-
ber of situations (5):

® [n prostatic hyperplasia, glaucoma, cognitive im-

pairment/dementia, constipation, and co-medication

Effectiveness

The effectiveness of antidepressants can only be
assessed after they have been given for two to
four weeks in standard doses.
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with other anticholinergically active substances,
because of their anticholinergic side effects;

® In patients with pre-existing heart disease, because

they may cause cardiac conduction abnormalities
or arrhythmias;

® [n suicidal or cognitively impaired patients (risk of

deliberate or accidental overdose), because of their
greater overdose toxicity compared to other anti-
depressants.

A reasonable and well-established practice is to give,
during the maintenance phase, the same antidepressant
that led to remission in the acute phase (4), even though
venlafaxine is the only substance officially approved in
Germany for maintenance pharmacotherapy. Either
antidepressants or, alternatively, lithium can be used for
prophylactic therapy in recurrent depression.

Dosing

Each antidepressant has a minimal effective dose; these
standard doses are listed in fable 2, as are the differing
starting doses of preparations that must be given ini-
tially in a slowly increasing dose. For elderly patients,
but for no others, lower than standard doses may
already be effective and may, indeed, be indicated
because they cause fewer complications. The same
antidepressant dose should be prescribed in the main-
tenance phase of treatment that induced a remission in
the acute phase (4). It is very difficult to recommend
specific doses for prophylactic treatment at present
because of the limited data that are currently available.
For prophylactic treatment, too, the standard dose
used for acute treatment is probably more effective
than a lower dose.

Monitoring
In the first four weeks of acute therapy, the patient
should be seen in follow-up at least once a week. At each
follow-up appointment, the patient's toleration of the
medication should be evaluated, and any concerns on
the patient's part should be addressed. The response
should be evaluated after four weeks of treatment.
The following tests are recommended for follow-up:
® Before treatment with an antidepressant, complete
blood count and transaminases
® [f a tricyclic antidepressant (TCA) is used, an ECG
as well
® [f a TCA or selective serotonin and noradrenaline
reuptake inhibitor (SNRI) is used, blood pressure
measurement

For acute therapy

In the first four weeks of acute therapy,
the patient should be clinically reassessed
at least once per week.
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® Over the course of treatment, repeated complete
blood count and transaminases, as well as (in the
situations mentioned above) ECG and blood
pressure measurement, particularly if the dose is
raised

® [fselective serotonin reuptake inhibitors (SSRI) are
used, then the serum electrolytes should be measured
over the course of treatment because of the risk of
hyponatremia, particularly in elderly patients.

What to do in case of nonresponse

If the patient's disease manifestations do not respond to
treatment with antidepressants in adequate doses for an
adequately long trial period, the treatment strategy
should be changed. In this situation, a number of options
are available.

A reasonable first step consists of measuring the
serum concentration of the antidepressant being used.
This is called therapeutic drug monitoring (TDM) and is
ahelpful check on patient compliance as well as a means
of detecting any metabolic particularities that may cause
an inadequate serum level in the individual patient when
taking a standard dose. Blood must be drawn before the
medication is taken. For many newer antidepressants,
however, there is still no reliably established connection
between a therapeutic serum level and a clinical response;
thus, TDM is mainly recommended if the agent being
used is either a tricyclic antidepressant or venlafaxine.
More information on therapeutic levels, the degree of
evidence upon which they are based, and the laboratories
that measure them can be found on the Internet (please
see list of German-language websites at the end of this
article).

A common strategy after nonresponse to initial anti-
depressant treatment is to switch to another antidepres-
sant; choosing an agent from another antidepressant
class is usually recommended. There is, however, no
scientific evidence for the effectiveness of this strategy
(14). Thus, the antidepressant should not be changed
more than once in the acute phase, and, if the second
antidepressant also fails to bring about a response, an-
other strategy should be used.

High-dose antidepressant treatment (zable 2) is a
sensible option for most antidepressants (15). The
SSRIs are an exception: these agents have no clear
dose-response relationship, so dose escalation of
SSRIs lacks a theoretical basis (15). Antidepressants
given in high doses can be expected to produce more
severe side effects. ECG checks at closer intervals are

In case of resistance to treatment

® measure the serum concentration of
antidepressant

® change the antidepressant (no more than once)

@ give the antidepressant in a high dose
(exception: SSRI)
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obligatory when tricyclic antidepressants are given in
high doses; with venlafaxine, the blood pressure
must be checked at close intervals. The possible
response to high-dose therapy should be evaluated no
sooner than about four weeks after it has been initiated
because of the known latency until the treatment
effect sets in.

A further reasonable treatment strategy after non-
response to antidepressant monotherapy is combination
therapy with two antidepressants. The effectiveness of
combination therapy, however, has only been documented
for one specific type of combination, namely that of a
reuptake inhibitor (tricyclic antidepressant or SSRI)
together with a presynaptic autoreceptor blocker (mirta-
zapine, mianserin, or trazodone) (16).

Lithium augmentation is the administration of lithium
in addition to an antidepressant that has been used
hitherto for monotherapy without effect. Adding on
lithium can bring about a response in a considerable
number of patients, as has been shown in numerous
studies and meta-analyses (12).

Psychotherapy

The effectiveness of various forms of psychotherapy in
depression has been well documented. Most of the
therapeutic effect seems to be due to common, non-
specific factors that may also be at work in medical care
outside the specifically psychotherapeutic setting. The
most important among these factors is a systematically
established therapeutic relationship with an accepting,
actively listening, and empathetic physician. The physi-
cian himself or herself thereby becomes a potent "thera-
peutic agent," whose importance can scarcely be under-
estimated.

Most psychotherapeutic approaches to the treatment
of depression involve the following strategies:

® Resource activation (identification and reinforce-

ment of the patient's current abilities)

® Problem actualization (directed addressing of par-

ticular areas of conflict)

® Problem coping (supporting the patient with emo-

tional, cognitive, or active solution strategies)

® Motivational clarification (recognition of prob-

lematic modes of perception and behavior and dys-
functional cognitions).

As in pharmacotherapy, patients should be regularly
re-evaluated for the possible emergence of side effects,
and therapeutic efficacy should be assessed after an
adequate period of treatment.

Psychotherapy in the treatment
of depression

® Resource activation

® Problem actualization

® Problem coping

o Motivational clarification

Antidepressant monotherapy, standard dose

High-dose

_ Change of
antidepressant

Lithium augmentation antidepressant

Lithium monotherapy

(washout phase) Lithium augmentation

Lithium augmentation

Lithium monotherapy

Lithium monotherapy
(washout phase)

Tranylcypromine (washout phase)

High-dose

tranyleyproming Tranylcypromine

Tranylcypromine

'ECT (or add-on T,
or ultra-high-dose
tranylcypromine)

High-dose
tranylcypromine

High-dose
tranylcypromine

ECT (or add-on T,
or ultra-high-dose
tranylcypromine)

ECT (or add-on T,
or ultra-high-dose
tranylcypromine)

Duration of treatment: " 4weeks [ 2 weeks

Algorithm-based flowchart for stepwise treatment of depression. The flowchart shows the

three arms of the algorithm study of the German Competence Network on Depression, because

neither the result of the study (supported by the German Federal Ministry of Education and

Research) nor the relevant literature permits any definite recommendation to be made.

Whether the patient goes on to the next step in any of the three algorithms is a function of the

decision procedure. The severity of depression is assessed at the end of each step with the

Hamilton Depression Rating Scale (HAM-D, 21-item version).

T,, triiodothyronine

* HAM-D = 9: remission — clinical reassessment in 2 weeks to confirm remission, if confirmed
— transition to maintenance therapy, if not confirmed — next step

* HAM-D decreased by at least 8 points (and overall score > 9): partial response — prolonga-
tion of the current step by 2 weeks (no more than once per step)

e HAM-D decreased by less than 8 points: non-response — next step

Algorithm-based stepwise treatment

There are a number of different stepwise algorithms
for the treatment of depression. The current state
of the data does not permit any definite
recommendation to be made.
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Specific psychotherapeutic techniques
Psychotherapy for depression can be carried out in an
outpatient or inpatient setting, individually or in groups,
and with or without the participation of the patient's
family. In Germany, the statutory health insurance carriers
currently reimburse ambulatory behavioral therapy and
deep psychology—based and analytic psychotherapy as
so-called guideline techniques.

Cognitive behavioral therapy

Cognitive behavioral therapy (CBT) is based on the
assumption that dysfunctional cognitions can lead to
disturbed emotions and behavior, and vice versa. A lack
of positive reinforcement owing to depression worsens
the patient's depressive manifestations. CBT thus involves
both cognitive and behavioral approaches. Its treatment
strategies aim at overcoming the patient's lack of positive
reinforcement, social withdrawal, and conviction of his
or her own helplessness. The "cognitive errors" that are
often identified among depressed patients include inap-
propriate generalizations, personalization, emotional
thinking, and black-and-white thinking. Etiological
importance is also attached to "depressiogenic" cognitive
schemata that are learned early on in life and may be
reactivated by critical life events; a typical example is
the so-called "cognitive triad" of automatic negative
assumptions about oneself, the environment, and the
future. Cognitive therapy aims to correct these dysfunc-
tional cognitions with structured and directed short-
term therapy consisting of an average of 20 sessions.
The efficacy of ambulatory CBT against depression has
been very well studied and has also been confirmed by
meta-analyses (17, e2—e4).

Deep psychology-based and psychoanalytic psychotherapy
Classical psychoanalytic treatment is performed with
the patient lying on a couch, several times weekly, over
a long period of time. Deep psychology—based psycho-
therapy is based on central fundamental assumptions
and principles of psychoanalysis, but it is usually per-
formed with the patient sitting in a chair, only once per
week, and over a shorter period of time. Both of these
types of psychotherapy are based on the assumption that
depressive disorders are largely due to unconscious pro-
cesses whose roots typically lie in the patient's child-
hood. Depressed persons, in particular, often suffer from
uncertainties in their relationships and a negative bonding
style with increased vulnerability to losses and affronts.
More than in other types of psychotherapy, the therapist-

Cognitive behavioral therapy

The effectiveness of cognitive behavioral therapy
in the outpatient setting has been very well
studied and has also been confirmed by meta-
analyses.
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patient relationship itself becomes an object of treatment,
because the patient's typical relationship pattern and
anxieties are reproduced in this relationship and can be
addressed within it.

The currently available data from controlled studies
of efficacy are less extensive than for CBT. More struc-
tured, short-term deep psychological psychotherapy in
mildly or moderately depressed patients has been the type
most frequently studied (e5). Other studies and meta-
analyses have involved patients with a mixture of diag-
noses, so that it is difficult to draw any specific conclu-
sions about the effectiveness of these types of treatment
for depression (e6, 18).

Interpersonal psychotherapy (IPT)

IPT is a type of short-term psychotherapy that was
developed specifically for the treatment of depression. It
consists of 12 to 20 hours of semi-structured psycho-
therapy, generally in weekly sessions, and focuses on
the psychosocial and interpersonal aspects of depressive
disorders. Thus, it places particular emphasis on coping
with grief, role switching, life changes, and interpersonal
conflicts.

Although much evidence for the efficacy of IPT is
available from controlled studies and meta-analyses
(19), in which it was used alone or in combination with
antidepressants, IPT is currently not reimbursed by the
statutory health insurance carriers in Germany.

Supportive measures

The importance of involving the patient's family has
already been mentioned more than once. The only
treatment for depression that has an immediate
therapeutic effect is sleep deprivation, which can be
done on an inpatient or outpatient basis. The patient is
required either to do without sleep for an entire night
(complete sleep withdrawal) or simply to get up
between 1 a.m. and 2 a.m. (partial sleep deprivation),
without making up for the missed sleep either in
advance or afterward. It is crucial for the success of
this treatment that the patient should not take even a
short nap during periods of wakefulness. About 60%
of patients so treated have a marked improvement of
mood the day after.

The main disadvantage of sleep deprivation treat-
ment is that its beneficial effect lasts no more than 1 or 2
days in about 80% of patients. If the treatment is effec-
tive, it can be repeated once every 3 to 4 days. An absolute
contraindication is a history of epileptic seizures; relative

Supportive measures

Roughly 60% of patients undergoing sleep
withdrawal therapy experience a marked
improvement of mood for 1 to 2 days thereafter.
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contraindications include bipolar or psychotic forms of
depression.

The effectiveness of light therapy with special appa-
ratus has been unequivocally documented only for
seasonal depression (winter depression) (e7). Physical
activity probably has a beneficial effect on the resolution
of depression and can be recommended as a supplemen-
tary treatment, even though the scientific data to support
this are as yet inadequate (e8). Treatments that are cur-
rently under investigation include aerobic training and
endurance training (treadmill running) (20).

The most effective of all treatments for depression is
probably electroconvulsive therapy (ECT), for which
the current main indication is treatment-resistant
depression (21, 22). Because of the specialized personnel
and apparatus that this form of treatment requires, and
also because of persistent, widespread misgivings about
it, ECT is used only when multiple previous therapeutic
attempts have failed, or when the patient explicitly
requests it. Its beneficial effect typically appears after
one to three weeks of treatment with three ECT sessions
per week. Its major clinical drawback is the high rate of
early recurrences in the first 16 weeks—up to 75% of
patients who are not subjected to continuing treatment.
With good maintenance therapy, the percentage of early
recurrences can be reduced to about 35%, but such
recurrences cannot be eliminated.

Conclusion

Depression can be treated effectively at present because
multiple forms of treatment are available that complement
each other or can be given in combination. Most of them
have been well documented as effective in properly
designed, controlled studies. No single form of treat-
ment can be considered superior to all of the others, and
arelatively high nonresponder rate is a common feature
of all of them. Thus, the art of treating depression con-
sists of a methodical and exhaustive use of the available
therapeutic options within the framework of an algo-
rithm-based stepwise treatment regimen (figure), in
which each sequential step of treatment is carried out for
an adequate length of time and is then evaluated for
effectiveness in standardized fashion. Randomized
comparative studies have shown that stepwise treatment
leads to more frequent and more rapid treatment responses
than unstructured treatment, while simultaneously re-
ducing the amount of psychoactive medication that
must be prescribed as well as the frequency of changes
in treatment strategy (7).

High nonresponder rate

The treatment of depression must make thorough
use of all of the currently available therapeutic
options in accordance with a stepwise treatment
algorithm.
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Please answer the following questions to participate in our certified Continuing Medical Education
program. Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1

What is the objective of maintenance therapy for depressive
disorders?

(a) Phase prophylaxis

(b) Remission

(c) Response

(d) Relief of symptoms

(e) The prevention of an early relapse

Question 2

In what respect do the roughly 30 antidepressants that are currently
available in Germany differ from one another most markedly?

(a) Their side-effect profiles

b) Their nonresponder rates

c) Their addictive potential

d) Their latency of onset

e) Their potency
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Question 3

A 68-year-old woman in whom you have diagnosed moderately
severe depression will only accept St. John's wort as the sole
pharmacotherapeutic agent against depression. What should be
your particular concern if you prescribe her a preparation
containing this substance?

(a) The potential for morbid obesity

b) The ECG

c) Any medications she is concomitantly taking

d) Renal function

e) Possible addiction
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Question 4

A 59-year-old bus driver presents to you with a history of depression
that began two months ago. You are considering treatment with

a tricyclic antidepressant. Which of the following comorbidities
would lead you not to prescribe a drug of this type?

a) Bronchial asthma

Gout

Prostatic hyperplasia

Psoriasis

Rheumatoid arthritis
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Question 5

What is the most rapidly acting treatment for depression?
(a) Depression-specific psychotherapy

(b) Electroconvulsive therapy (ECT)

(c) Light therapy

(d) Pharmacotherapy with antidepressants

(e) Sleep deprivation

Question 6

According to the theory underlying psychotherapy based on deep
psychology, what psychological phenomenon is more common in
depressed people?

(a) Borderline personality structure

(b) Latent homosexuality in a parent

(c) Penis envy
(d) Increased vulnerability to loss
(e) Documented above-average intelligence

Question 7

Which of the following antidepressive treatments has been
well documented to be effective by multiple controlled
studies and meta-analyses?

) Physical activity

Neuroleptic monotherapy

High-dose SSRI treatment

Outpatient cognitive behavioral therapy

Changing the antidepressant in case of nonresponse
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Question 8

What is meant by an algorithm-based stepwise treatment

regimen for depression?

(a) Alternation between psycho- and pharmacotherapeutic
techniques until a remission occurs

(b) Choice of treatment according to the classification of the
patient's depression as mild, moderate, or severe, on the basis
of a systematic evaluation

(c) Treatment of depression with monotherapy or with a combination
of two, three, or four therapeutic methods, depending on the
systematically assessed degree of resistance to treatment

(d) Determination of the treatment plan with the aid of treatment
software that processes the data of the individual patient on
the basis of a response probability matrix

(e) Determination of a multi-step treatment plan at the beginning
of treatment with a standardized response evaluation at the
end of each step, whose results determine the transition to the
next treatment step

Question 9

Which of the following is a basic assumption of cognitive

behavioral therapy?

(a) Placing the overwhelming emphasis on cognition, rather than
emotion, is a central element in the pathogenesis of depression.

(b) Depressive disorders are based to a large extent on
uNCoONSCIiouS Processes.

(c) Dysfunctional cognitions lead to disturbed emotions and
behavior.

(d) Cognitive ego-splitting lies at the heart of depressive disorders.

(e) Excessive positive reinforcement in the consumer society is the
main cause of depression.

Question 10

What tests are advisable before the beginning of treatment
for depression and regularly over the course of treatment?
(a) Stress ECG for sertraline treatment

(b) Blood pressure checks for venlafaxine treatment

(c) EEG for citalopram treatment

(d) Metabolizer status checks for amitriptyline treatment

(e) Serum level determinations for treatment with reboxetine
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Case

Treatment of Depressive Disorders

A 46-year-old office worker went to his family physi-
cian, accompanied by his wife, complaining of
persistent headaches. When questioned more closely,
he described a dull pressure in the entire head that
had been present continuously, though at varying
intensity, for approximately the past four weeks. His
chronic back pain had worsened in the same period.
Because of these problems, he had first stopped
attending his weekly chess night and then stopped
going on his usual weekend excursions with his
family. Over the course of time, he had stopped per-
forming any tasks at all for his family and household.
He had stayed home from work for the past three
days. A thorough physical examination revealed no
abnormality.

Only on directed questioning did the patient state
that he had felt exhausted and bereft of energy all the
time for the past few weeks, that he had lost interest in
his usual activities, and that he no longer enjoyed the
things that used to give him pleasure. His food no
longer tasted good to him, and he had already lost 2.5
kg of weight. Most recently, he had begun to have
difficulty falling asleep and to wake up every morning
between 4 and 5 a.m.; he attributed this to the head-
aches. His wife, on directed questioning, said that her
husband often seemed sad and that she had seen tears
in his eyes for no apparent reason on multiple occa-
sions. Nor could she understand why her husband,
who was normally very conscientious about his work,

now continually worried about the possible implica-
tions of his current three-day absence for his job se-
curity and the family's financial future.

The addiction history and past psychiatric history
were negative. There was, however, a positive family
history: the patient's paternal grandfather had
committed suicide, for unknown reasons.

The family physician diagnosed a first depressive
episode, informed the patient and his wife of her
diagnosis in two separate interviews, and stressed
both the nature of the symptoms as a disease and the
good prognosis for recovery.

She declared him unable to work for two weeks and
urged him to take a one- to two-hour walk each morn-
ing, but to take on no further tasks or activities. The
patient was able to accept the temporary, passive role
of an ill person only when acute depression was
explained to him through an analogy to acute pneumo-
nia. The patient and his family physician agreed that he
would take antidepressive medication; she prescribed
nortriptyline (150 mg/day), an agent with both sero-
tonergic and noradrenergic properties, because such
agents can be expected to have an additional beneficial
effect in pain. Other than dry mouth, the medication
was well tolerated. The patient and his family physician
saw each other weekly. Three weeks after the onset of
treatment, the patient came for the first time without
his wife accompanying him and reported that he had
just begun working in the garden again on his own
initiative. After a total of five weeks of treatment, he
was practically free of symptoms and returned to
work. The patient and his family physician agreed that
he would continue taking nortriptyline for six
months as maintenance therapy.
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