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Canst thou not minister to a mind diseased?
Pluck from the memory a rooted sorrow,
Raze out the written troubles of the brain,
And with some sweet oblivious antidote
Cleanse the stuffed bosom of that perilous,
Stuff which weighs upon the heart?

—William Shakespeare, Macbeth

Recent findings have substantially increased our
understanding of the pathophysiology of depres-
sion. There has been a correspondingly significant
increase in our understanding of the efficacy and
tolerability of currently available treatments. The
latter database has convincingly demonstrated a
large unmet need for the more than one half of
depressed patients who fail to achieve remission af-
ter an adequate trial of antidepressant mono-
therapy. Despite our increased understanding of
both its pathophysiology and treatment, depression
remains highly prevalent, accounting for more dis-
ability than any other disorder worldwide. In fact,
rates of major depression in the United States rose
markedly in the decade from 1991–1992 to 2001–
2002, from 3.33% to 7.06% (1). It is the most
significant risk factor for suicide, a leading cause of
death worldwide, especially in adolescents, young
adults, and elderly individuals. Indeed, suicide is
the third leading cause of death in children and
adolescents, and childhood depression and bipolar
disorder are not uncommon, yet quite understud-
ied. Depression is also an important risk factor both
for the development of cardiovascular disease in-
cluding myocardial infarction and congestive heart
failure (2) and for the poor response to treatment in
these patients. Figure 1 summarizes the major
mood disorders across the life cycle and the diag-
nostic criteria for major depression.

There are still no validated, diagnostically useful
biological tests for depression and none that reliably
predict a response to one or another of the well-
established and effective treatments for depression,
except perhaps plasma drug concentrations of the
older and side effect-prone tricyclic antidepres-
sants. Similarly, although some promising candi-
dates are emerging, there are no biomarkers, such as

expression of a gene or tumor marker, that reliably
change as a function of treatment response to anti-
depressants or psychotherapy (e.g., prostate-spe-
cific antigen is used to monitor efficacy of prostate
cancer treatment).

Of considerable concern is the relatively recent
realization stemming from several large-scale treat-
ment studies, both of efficacy and effectiveness, that
currently available antidepressants and psychother-
apy, in particular cognitive behavior therapy
(CBT), although clearly more effective than pla-
cebo, are as monotherapies associated with re-
sponse (a 50% or more improvement in depressive
symptoms) and remission (return to premorbid
state) rates that are clearly unacceptably low. Com-
bination or augmentation therapies comprised, re-
spectively, of more than one antidepressant medi-
cation or an antidepressant and a second
nonantidepressant drug to enhance the effects of
the antidepressant, and combination pharmaco-
therapy/psychotherapy, although understudied,
appear to be associated with better therapeutic re-
sponses than monotherapy. However, the increased
side effects often, but not always, associated with
coprescribing two medications, and the increased
cost of treatment with combination psychotherapy
and pharmacotherapy or two medications are ma-
jor obstacles that prevent their wholesale clinical
adoption. Second, with few exceptions, there is in-
sufficient evidence of increased efficacy currently
available to support a change in clinical practice.
The results of the large-scale National Institute of
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Mental Health (NIMH)-sponsored clinical treat-
ment trial, STAR*D, with its disappointing remis-
sion rates of 28%–33%, depending on the outcome
measure, after up to 14 weeks of treatment with an
selective serotonin reuptake inhibitor (SSRI), cita-
lopram, highlight the paramount importance for
further studies that seek to better understand the
pathogenesis and pathophysiology of depression
(3). A comprehensive understanding of the genetic
and environmental contributions to depression and
its associated neurobiology is required before scien-
tifically based, rational new treatment strategies are
likely to be developed. Approximately one third of
the risk for the development of depression is inher-

ited (Figure 2) and two thirds is environmental (4).
Many new findings and research directions that re-
quire immediate follow-up because one or more
presage rapid changes in clinical practice have re-
cently emerged—in diagnostics, the choice of cur-
rently available treatments, and novel treatment de-
velopment itself. In this article, I review several
major new findings relevant to our current under-
standing of brain alterations in mood disorders in-
cluding gene-environment interactions, structural
and functional brain imaging, and neurochemistry.
I discuss current subtyping of mood disorders with
a focus on depression severity, symptom clusters,
and biology and treatment response, in suggesting
the existence of endophenotypes. I also address cer-
tain major controversies in the field, including use
of SSRIs in children and adolescents and whether
SSRIs increase suicidality in certain patient popu-
lations. Finally, I describe new data on nonpharma-
cological treatments.

DEPRESSION AND HEART DISEASE

In the last two decades, a remarkable relationship
has emerged between depression and cardiovascu-
lar disease. Although several medical disorders have
unusually high rates of comorbid syndromal de-
pression, the relationship between depression and
heart disease has been studied much more thor-
oughly. In addition to the high prevalence rate of
depression in patients with coronary artery disease,
there is the now well-documented finding that pa-

Figure 1. Mood Disorders Across the Life Cycle
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DSM-IV Diagnostic Criteria for Major
Depression
●� 5 symptoms including depressed mood and/or anhedonia

— Other symptoms may include:

— Significant weight change

— Psychomotor agitation/retardation

— Pervasive loss of energy/fatigue

— Feelings of worthlessness/excessive or inappropriate guilt

— Difficulty concentrating

— Sleep disturbance

— Recurrent thoughts of death/suicide

● Symptoms present for � 2 weeks
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tients with comorbid depression and various car-
diovascular disorders have a much poorer outcome
than those without comorbid depression. Thus, pa-
tients with comorbid depression after a myocardial
infarction are more likely to die of cardiac causes
than similar patients without depression, and,
moreover, the severity of depression is inversely re-
lated to long-term survival (Figure 3). This rela-
tionship has also been observed in patients after
coronary artery bypass graft surgery and in patients
with isolated systolic hypertension.

Perhaps even more extraordinary has been the
repeated observation that depression is an indepen-
dent risk factor for the development of ischemic
heart disease—indeed, as important a risk factor as
elevated plasma lipids or cigarette smoking. Re-
search to determine the mechanisms by which de-
pression increases both the development of coro-
nary artery disease and the poor outcome in
patients with cardiovascular disease has led to the
following findings (Figure 4).

1) Depressed patients have multiple defects in
the platelet clotting cascade, resulting in a net
increase in the likelihood of thrombus forma-
tion, the proximal event in both myocardial
infarction and stroke.

2) Inflammation has long been known to play a
role in the pathophysiology of cardiovascular
disease, and there is now considerable evi-
dence that patients with depression exhibit an
increase in several markers of inflammation
including inflammatory cytokines such as in-
terleukin 6 and tumor necrosis factor.

3) Heart rate variability (HRV) is a well-vali-
dated measure of the heart’s ability to respond
to physiological demand. Reduced HRV is a
well-established risk factor for myocardial in-
farction. Several studies have revealed that de-
pressed patients without heart disease exhibit
reductions in HRV. Of particular interest is
the finding that treatment of depressed pa-
tients with SSRIs normalizes both their plate-
let clotting and HRV alterations, effects likely
to also reduce the risk of myocardial infarc-
tion.

PATHOPHYSIOLOGY OF DEPRESSION

The current view of the etiology of depression is
best summarized as virtually a prototype gene-en-
vironment interaction model for complex diseases
such as cancer, hypertension, and diabetes, with
much focus on the three major monoamine sys-
tems—serotonin (5-hydroxytryptamine, 5HT),
norepinephrine (NE), and dopamine (DA). The

emerging new tools of molecular neurobiology and
functional brain imaging have provided additional
support for the involvement of these three systems.
In contrast with previous reviews (5, 6), consider-
ably more evidence now supports a preeminent role
for central nervous system (CNS) DA circuits (7)
with many investigators suggesting that the now
well-documented suboptimal therapeutic re-
sponses to SSRIs and selective serotonin-norepi-
nephrine reuptake inhibitors (SNRIs) may be due,
in part, to their relative lack of effect on brain DA
circuits. As regards CNS 5HT systems, even more
evidence has accrued to support a preeminent role

Figure 2. Genetics of Major Depressive
Disorder

Note: †Aggregate valued across studies of heritability in liability to major depression.
Reproduced from Sullivan PF, Neale MC, Kendler KS: Genetic epidemiology of major
depression: review and meta-analysis. Am J Psychiatry 2000; 157:1552–1562

Figure 3. Long-Term Survival after
Myocardial Infarction in Relation to Beck
Depression Inventory Score during
Hospitalization

Note: Reproduced from Lesperance F, Frasure-Smith N, Talajic M, Bourassa MG:
Five-year risk of cardiac mortality in relation to initial severity and one-year changes
in depression symptoms after myocardial infarction. Circulation 2002;
105:1049–1053.
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for their involvement in depression. In addition to
the very impressive evidence of reduced activity of
serotonergic neurons in depression as assessed in
postmortem, CSF, and neuroendocrine studies,
there are new data from both postmortem and
positron emission tomography (PET) imaging
studies demonstrating a reduction in the number of
serotonin transporter (SERT) binding sites (the site
of action of SSRIs) in the midbrain and amygdala
of drug-free depressed patients, as well as a reduc-
tion in both presynaptic (in the midbrain) and
postsynaptic (in the mesiotemporal cortex) 5HT1A

receptor density (8, 9). Taken together, these data
suggest a net reduction in the number and/or func-
tion of the presynaptic 5HT nerve terminals and a
reduction in postsynaptic serotonergic signal trans-
duction, at least at one of the 5HT receptor sub-
types. Previous studies demonstrated an increase in
5HT2 receptor density, perhaps due to a relative
decrease in 5HT availability.

Two new and important observations concern-
ing 5HT circuits in depression are worth noting.
The first is the now well replicated observation that
depressed patients in remission after treatment with
SSRIs, when challenged by an experimental ma-

neuver that reduces CNS 5HT availability, i.e.,
tryptophan depletion, exhibit a rapid and profound
return of depressive symptoms, in a few hours in
many cases (10). This finding suggests that in vul-
nerable individuals, reduced 5HT availability is as-
sociated with the rapid emergence of depression.

The second and, arguably, one of the most re-
markable observations in all of biomedical research
in the last decade is the observation that individuals
with the s allele of the promoter region of the SERT
gene (SLC 6A4) are unusually vulnerable to the
now well-documented depressogenic effects of
early life stress, i.e., child abuse or neglect, and,
moreover, that this effect is “dose dependent,” both
in terms of the s allele (one copy or two) and in
terms of the frequency and severity of the abuse
(11). Thus, the most vulnerable to depression are
individuals with the s/s genotype and the least vul-
nerable are those with the l/l genotype, with s/l
individuals having intermediate risk (Figure 5).
This finding is all the more extraordinary because
this polymorphism has been shown to be function-
al: s/s and s/l individuals exhibit reduced SERT
binding sites in PET imaging studies compared
with l/l individuals. Note that individuals with the

Figure 4. Relationship between Major Depression and Cardiovascular Disease

Note: TNF-�, tumor necrosis factor-�; IL, interleukin.
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l/l genotype are immune to the depressogenic ef-
fects of early life trauma, representing a disease-
resistant haplotype. This original observation by
Caspi et al. (11) has now been replicated by the vast
majority of, but not all, subsequent studies, and
these data have recently been reviewed. Another
allele, the Lg or Goldman polymorphism, which is
similar functionally to the s allele, has recently been
discovered and may account for some of the vari-
ance in the studies to date. Table 1 summarizes the
evidence showing that alterations in 5HT systems
occur in depression.

Of the major catecholamine systems, NE-con-
taining circuits have long been considered to be
pathologically involved in the etiology of mood dis-
orders (12). Similar to drugs that increase 5HT
availability, NE reuptake inhibitors such as rebox-
etine and nortriptyline are effective antidepres-
sants. Moreover, neurochemical and neuroendo-
crine studies in depressed patients and postmortem
findings support a role for NE dysfunction in de-
pression; these data are summarized in Table 2.
Alterations in noradrenergic circuits may play a
preeminent role in patients with treatment-resis-
tant depression. Whether antidepressants that are
believed to act upon both 5HT and NE neurons are
more effective than those that act solely on 5HT or
NE neurons remains an area of controversy, but
recent meta-analyses suggest that if any advantage
exists, it is quite meager (13).

In the last decade, partly because of the disap-
pointingly low remission rates in the large-scale
clinical trials with SSRIs and SNRIs as noted
above, a potential role for one or another CNS
DA circuit in depression has been postulated.
This emergence of a DA hypothesis of depression
is not surprising in view of the fact that the in-
ability to experience pleasure, anhedonia, is con-
sidered by many to be the most important patho-
gnomonic symptom of depression, and pleasure,
whether associated with eating, social, or sexual
behavior, is well documented to be primarily me-
diated by DA neurons. Table 3 summarizes the
burgeoning evidence for a role for altered dopa-
minergic circuits in depression. In brief, both
postmortem tissue and PET imaging studies have
revealed reduced DA transporter binding sites
(14) and increased postsynaptic DA D2/D3 re-
ceptor density, indicative of a reduction in the
synaptic availability of DA in depression. These
findings suggest that treatments that enhance
DA neurotransmission such as monoamine oxi-
dase inhibitors (MAOIs), DA receptor agonists,
or triple (5HT, NE, and DA) reuptake inhibitors
(currently under development) may represent a
novel approach to SSRI nonresponders.

STRESS, THE HYPOTHALAMIC-
PITUITARY-ADRENAL AXIS, AND
CORTICOTROPIN-RELEASING FACTOR

Reports indicating that a significant number of
patients with depression hypersecrete cortisol, the
major adrenocortical stress hormone, first appeared
fifty years ago (15). The observation that patients
with Cushing’s disease or syndrome often experi-
ence severe depression and anxiety and the in-
creased production and secretion of glucocorticoids
in healthy individuals exposed to stress, in part,
contributed to the modern stress-diathesis hypoth-
esis of depression. Thus, excess secretion of cortisol
and other hormones of the hypothalamic-pituitary-
adrenal (HPA) axis have been posited to play a sig-
nificant role in the etiology of depression.

A variety of methods are now available to mea-
sure the activity of the HPA axis. The hierarchical
organization of the HPA axis is shown in Figure 6.

One of the first tests of HPA axis function to be
studied in psychiatric patients was the dexametha-
sone suppression test (DST), a test originally
designed to aid in the diagnosis of Cushing’s syn-
drome. Small (1 mg) doses of the synthetic glu-
cocorticoid, dexamethasone, are administered
orally at 11:00 p.m., and plasma cortisol concen-
trations are measured at two or three time points on
the following day (16). Dexamethasone acts
primarily on the anterior pituitary corticotrophs
to reduce the secretion of adrenocorticotropic
hormone (ACTH), resulting in a decrease in the
synthesis and release of cortisol from the adrenal

Figure 5. Results of Regression Analysis
Estimating the Association between
Childhood Maltreatment (between the
Ages of 3 and 11 Years) and Adult
Depression (Ages 18–26), as a Function
of the 5-HTT Genotype

Reproduced from Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H,
McClay J. Influence of life stress on depression: moderation by a polymorphism in
the 5-HTT gene. Science 2003; 301:386–389
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cortex. Failure to suppress plasma cortisol concen-
trations after dexamethasone administration sug-
gests impaired feedback regulation and hyperactiv-
ity of the HPA axis.

A large percentage of drug-free patients with
depression exhibit failure to suppress secretion of
cortisol after administration of dexamethasone,
commonly referred to as dexamethasone nonsup-
pression, and this was proposed as a biological di-
agnostic test for depression. However, multiple
comprehensive analyses revealed that although
many patients with depression did exhibit evidence
of enhanced HPA axis hyperactivity, patients with
other psychiatric diagnoses often did as well, in-
cluding those with eating disorders, Alzheimer’s
disease, bipolar disorder, and others. However, in
depressed patients, DST nonsuppression has gen-

erally been found to be associated with depression
severity, and when persistent, with a significant-risk
for relapse. Undoubtedly, the greatest contribution
of the DST was to serve as an impetus for subse-
quent studies exploring the pathophysiology of the
HPA axis in depression.

In 1981, the long sought after hypothalamic re-
leasing hormone, corticotropin-releasing factor
(CRF), a 41-amino acid-containing peptide, was
discovered by Vale et al. (17) at the Salk Institute.
This singular finding greatly accelerated research
on the HPA axis, stress, and depression. Neurons of
the paraventricular nuclei of the hypothalamus
project to the median eminence where they secrete
CRF into the hypothalamo-hypophyseal portal sys-
tem. CRF is then transported in this specialized
vascular system to the anterior pituitary where it
acts on corticotrophs to increase ACTH secretion,
thereby controlling HPA axis activity. Of para-
mount importance was the discovery that CRF is
also widely distributed in extrahypothalamic brain
areas where it functions, in concert with the hypo-
thalamic CRF system, as a neurotransmitter coor-
dinating the behavioral, autonomic, endocrine, and
immune responses to stress (Figure 6).

The availability of synthetic CRF allowed the de-
velopment and standardization of a CRF stimula-
tion test. In this test, ovine or human CRF is ad-
ministered intravenously and plasma ACTH and
cortisol concentrations are measured at 30-minute
intervals over a 2- to 3-hour period. Normal
healthy volunteer subjects respond to CRF infusion
with increased secretion of ACTH and cortisol,
whereas depressed patients exhibit a blunted
ACTH but normal cortisol response. Not surpris-
ingly, the blunted ACTH response to CRF occurs
in depressed DST nonsuppressors, but not in de-
pressed patients with normal DST suppression.

Holsboer and colleagues at the Max Planck Insti-
tute in Munich, Germany (18), developed arguably
the most sensitive test of HPA axis activity, the so-
called Dex-CRF test, which combines the DST and
the CRF stimulation test. Thus, patients are pre-
treated with oral dexamethasone (1 mg) at 11:00 p.m.
and are given a 100-�g infusion of human CRF on
the following day. In this paradigm, depressed pa-
tients exhibit enhanced secretion of ACTH and cor-
tisol compared with normal volunteers, indicative of
HPA axis hyperactivity. Interestingly, in this test,
asymptomatic first-degree relatives of depressed pa-
tients exhibit increased HPA axis activity that is main-
tained over time, suggesting the presence of a heritable
vulnerability to HPA axis dysregulation.

Most, if not all, of the HPA axis alterations in
depressed patients may be a result of chronic CRF
hypersecretion. Consistent with this hypothesis,

Table 1. Serotonergic Systems in
Alterations of Depression
Low concentrations of the major metabolite of 5HT (5-hydroxyindole

acetic acid) are found in the CSF of patients who are depressed and
suicidal.

Increased density of 5HT2 receptors has been reported in both blood
platelets and brain postmortem tissue of patients with depression (a
compensatory response to low synaptic 5-HT concentrations?).

Decreased 5HT transporter (SERT) binding site density is seen in the
midbrain and in blood platelets of patients with depression.

Decreased plasma concentrations of L-tryptophan, the precursor to 5HT,
are found in patients with depression.

Depletion of 5HT in depressed patients in remission provokes a rapid
relapse in depressive symptoms.

Polymorphisms in the SERT gene mediate the depressogenic effects of
child abuse and neglect.

Increased MAO-A activity is found in the CNS of depressed patients.

Table 2. Alterations of Noradrenergic
Systems in Depression
Low levels of NE metabolites are found in the urine and CSF of

depressed patients.

Increased density of �-adrenergic receptors is found in postmortem
brain tissue in the cortex of depressed suicide victims.

Stress, which precipitates depression in vulnerable individuals, increases
activity of the NE circuits in the brain.

Increased MAO-A activity is found in the CNS of depressed patients.

Depletion of NE in depressed patients in remission treated with a NE
reuptake inhibitor precipitates a relapse in depressive symptoms.

A blunted growth hormone response to the D2 adrenergic agonist
clonidine is found in depressed patients.

NE reuptake inhibitors are effective antidepressants (desipramine,
reboxetine, and maprotiline).
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depressed patients have repeatedly been found to
exhibit elevated CSF CRF concentrations (19).
Further, postmortem studies of individuals de-
pressed at the time of death or those who commit-
ted suicide have revealed a decreased density of
CRF receptors in the frontal cortex, decreased ex-
pression of CRF1 receptor mRNA and increased
CRF concentrations in a variety of cerebrocortical
brain areas and the locus coeruleus compared with
control subjects (20). Successful treatment of de-
pression with either electroconvulsive therapy
(ECT) or fluoxetine, an SSRI, has been shown to
result in a reduction in the high pretreatment CSF
CRF concentrations (21). Moreover, similar to
continued DST nonsuppression, persistently ele-
vated CSF CRF in symptomatically improved de-
pressed patients is associated with early relapse of
depression. These data are even more impressive
when considered together with the many labora-
tory animal studies showing that when adminis-
tered directly into the CNS, CRF produces many of
the signs and symptoms of depression including
decreased appetite and weight loss, decreased sexual
behavior, disrupted sleep, and altered psychomotor
activity (22).

As noted earlier and illustrated in Figure 2, ap-
proximately 30%–40% of the risk of development
of depression is believed to be heritable, with the
remaining variability imparted by the environ-
ment. Exposure to stress, a process primarily regu-

lated by CRF-containing neural circuits and the
HPA axis, is known to precipitate depression in
vulnerable individuals. Moreover, early life stress,
such as child abuse, occurring during neurobiologi-
cally vulnerable periods of development, is one of
the major means whereby the environment influ-
ences the development of depression. Our group
has demonstrated that depressed women with a his-
tory of prepubertal sexual abuse exhibit persistently
increased HPA axis activity as evidenced by a
blunted ACTH response to CRF infusion and both
hypercortisolemia and increased ACTH secretion
in response to a standardized laboratory stressor
(23). Using the Dex-CRF test, we recently demon-
strated increased HPA axis activity in adult men
with major depression and a history of child abuse
(24). Furthermore, in an inner city highly trauma-
tized sample of patients recruited in the waiting
room of a public hospital-based medical clinic, we
identified individual single nucleotide polymor-
phisms and a common haplotype of the CRF1 re-
ceptor that modulates the depressogenic effects of
child abuse and neglect (25). The CRF1 receptor
antagonist R121919 showed promise in the treat-
ment of depression but was subsequently with-
drawn from clinical trials because of hepatotoxicity.
Other CRF1 receptor antagonists, repeatedly
shown to possess antidepressant and anxiolytic
properties in laboratory animals, are novel antide-
pressant and anxiolytic drug candidates currently
being studied in randomized, controlled, double-
blind clinical trials for efficacy in the treatment of
depression and anxiety disorders (26).

OTHER NEUROTRANSMITTER SYSTEMS

Space constraints preclude a comprehensive dis-
cussion of the putative role of other neurotransmit-
ter systems in the pathophysiology of depression.
There is some evidence for the involvement of glu-
tamate, �-aminobutyric acid, substance P, brain-
derived neurotrophic factor, thyrotropin-releasing
hormone, somatostatin, leptin, and acetylcholine-
containing neurons in the pathogenesis of depres-
sion (27).

THE NEUROANATOMY OF DEPRESSION

Although there is little doubt that various neuro-
transmitter systems are pathologically involved in
the etiology of depression, no single neurotransmit-
ter systems appears to be solely responsible. This is
not surprising when one considers the panoply of
symptoms (Figure 1) that comprise the depressive
syndrome including depressed mood, loss of inter-
est in usual activities, inability to experience plea-

Table 3. Alterations of
Dopaminergic Systems in
Depression

DA is the major neurotransmitter that mediates
the ability to experience pleasure. Anhedonia
is the inability to experience pleasure, a
cardinal feature of depression.

A high rate of depression is seen in patients
with Parkinson’s disease, a disorder
characterized by DA neuron degeneration.

Brain imaging and postmortem studies have
revealed decreased dopamine transporter
binding and increased postsynaptic D2/D3
receptor binding, all indicative of reduced DA
neurotransmission.

Reductions in the major metabolites of DA
have been reported in the CSF of depressed
patients.

Increased MAO-A activity is found in the CNS
system of depressed patients.

Drugs that increase DA neurotransmission
such as MAOIs, DA reuptake blockers, and
DA receptor agonists possess antidepressant
properties.
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sure, impaired concentration, disturbed sleep, de-
creased appetite, and suicidality. A more recent
conceptual approach to the biology of depression is
to consider it a systems-level disorder involving sev-
eral critical brain regions and pathways involving
these regions. Advances in brain imaging have al-
lowed for rapid advances in these research areas.
Structural brain imaging using magnetic resonance
imaging (MRI) has generated a number of reports
of altered volumes of several brain regions in pa-
tients with depression, most notably a reduction in
hippocampal and caudate nucleus size and an in-
crease in pituitary volume. As noted above, it is now
evident that some of the previously described
changes in certain brain structures may be more
likely caused by early life stress during a critical
period in brain development than to depression per
se (28). Structural brain imaging studies have also
led to the emergence of a biologically distinct sub-
type of depression, vascular depression, first de-
scribed independently by Alexopoulos at Cornell
University and Krishnan at Duke University, asso-
ciated with white matter hyperintensities on MRI
scans and late life onset of the depressive syndrome
(29). These morphometric studies, although reveal-
ing, have been largely supplanted by functional
brain imaging studies, more specifically functional
MRI, most recently with diffusion tensor imaging,
as well as PET. These studies have shed light on
both the involvement of specific brain regions in

depression and the effects of treatment, both psy-
chotherapeutic and psychopharmacological. PET
studies led by Mayberg et al. at Emory University
(30) and by Drevets at NIMH (31) have repeatedly
supported the hypothesis that depression is essen-
tially characterized by abnormalities in limbic sys-
tem-cerebrocortical circuits, more specifically re-
duced activity in frontal cortical areas and
hyperactivity in the amygdala and other limbic sites
(Figure 7). Most important is the repeated observa-
tion of the importance of the subgenual cingulate
cortex (Cg25); this brain area shows a striking de-
crease in activity in response to clinical improve-
ment of depression after treatment with SSRIs,
ECT, and other novel treatments.

ANTIDEPRESSANTS AND SUICIDALITY

The question of whether antidepressants para-
doxically increase the risk of suicidal ideation, sui-
cide attempts, or suicide and if so, in which patient
populations remains an active avenue of investiga-
tion and controversy. Twenty years ago, a report
appeared, suggesting that an SSRI, fluoxetine, in-
creased suicidality in a small series of adult patients
with major depression. Since that time, a contro-
versy regarding this finding has raged and has re-
sulted in several Food and Drug Administration
(FDA) hearings. The placement of a “black box”
warning in package inserts of antidepressants fo-

Figure 6. CRF Induces Depression-Like Symptomatology in Animals
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cused on children and adolescents in October 2004
and a second warning expanded to adults in July
2005 resulted, not surprisingly, in a corresponding
decline in the prescribing of antidepressants. Many
studies has been conducted and several publications
have appeared with no, as yet, clearly definitive an-
swer to this critical question. Considerable atten-
tion has focused on children and adolescents, be-
cause in controlled clinical trials, a very small but
significant risk for an increase in suicidal ideation
and attempts was observed in association with SSRI
and SNRI treatment. It is important to note that
there were no suicides in any of these clinical trials.
In several studies, a very strong statistically signifi-
cant relationship was found between the consistent
decline in the suicide rate in the United States and
the rate of prescription of antidepressants, both in
the nation as a whole and by region. Recent evi-
dence, both in the United States and in other coun-
tries, has revealed a reduction in SSRI prescribing
rates in response to concerns about suicide and a
corresponding increase in suicide rates for the first
time in many years. The available data suggest that
depression is a disorder associated with a very high
risk for suicide and, moreover, that antidepressants
have reduced this risk. The reports of increased sui-
cidality in some youngsters treated with antidepres-
sants may be due to “switching” of patients with
previously undiagnosed bipolar disorder from a de-
pression to a mixed state of mania and depression.
Future research should focus on identifying ge-
netic, biological, demographic and psychological
factors that predict increased suicidality in a small
percentage of children and adolescents after treat-
ment with antidepressants.

ADVANCES IN THE TREATMENT OF
DEPRESSION

As remarkable as the new information on the
pathogenesis of depression that has accrued over
the last decade has been, even more impressive is
our increased understanding of the current state of
the treatment of this disorder. Table 4 lists the cur-
rently approved and investigational treatments for
depression. As noted earlier, the results of a large
multicenter National Institutes of Health (NIH)
sponsored effectiveness study, STAR*D, and mul-
tiple placebo-controlled, randomized, double-
blind clinical trials have revealed a disappointing
rate of remission (in the range of approximately
28%–45%) in acute monotherapy trials with SS-
RIs and SNRIs (3). These results indicate that more
than half of depressed patients exhibit either no
benefit or only a partial benefit after an adequate
trial with the most commonly prescribed agents.

The good news is, however, that we not only now
know a great deal more about the use of augmen-
tation and combination strategies, but we have also
witnessed the development of novel treatments in-
cluding vagus nerve stimulation and deep brain
stimulation. In the 41-center, NIH-sponsored
STAR*D effectiveness study, treatment of 2,876
outpatients with major depression with the SSRI
citalopram for up to 14 weeks led to a remission rate
of only 28%, using the Hamilton Depression Rat-
ing Scale as the outcome measure. The patients
who did not attain remission with citalopram
monotherapy were either switched to be treated
with bupropion (unknown mechanism of action,
N � 239), sertraline (an SSRI, N � 238), venlafax-
ine (an SNRI, N � 250), or continued citalopram
combined with either bupropion (N � 565) or
buspirone (a partial 5HT1A agonist, N � 286). In
the switch arm, patients who did not achieve remis-
sion with citalopram and were treated with bupro-
pion exhibited a 21.3% remission rate, those
treated with sertraline exhibited a 17.6% remission
rate, and those treated with venlafaxine exhibited a
24.5% remission rate. In the combination arm of
the study, patients treated with citalopram and bu-
propion attained a 29.7% remission rate and those
treated with citalopram and buspirone attained a
25.3% remission rate. In a third level of this study,
142 patients in whom treatment in levels 1 and 2
failed, were then treated with lithium (N � 69) or
thyroid hormone (N � 73), both previously shown
to convert antidepressant nonresponders to re-
sponders, for up to 14 weeks. Remission rates were
15.9% with lithium augmentation and 24.7% with
thyroid hormone augmentation. In the fourth level
of the study, patients in whom three or more trials
failed were treated with either an MAOI (tranyl-
cypromine) or venlafaxine � mirtazapine. The
former results in a remission rate of 6.9% and the
latter in a remission rate of 13.7%. These data and
those of many other trials have provided evidence
for the use of rational combination (and augmen-
tation) pharmacotherapy in the treatment of major
depression, approaches commonly used to success-
fully treat cancer, hypertension, diabetes, and other
complex multisystem disorders.

Another important issue in the treatment of de-
pression is the role of psychotherapy and, in partic-
ular, which type of psychotherapy is effective. In
addition, several studies have addressed the use of a
combination of an antidepressant and psychother-
apy. There is now good evidence from controlled
studies that at least two types of psychotherapy:
CBT, originally developed by Beck at the Univer-
sity of Pennsylvania, and interpersonal psychother-
apy (IPT), largely studied at the University of Pitts-
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burgh and Columbia University, are effective in the
treatment of major depression and often, but not
always, are as effective as antidepressant medica-
tions.

In a landmark study, Keller et al. (32) studied
681 patients with a particularly virulent form of
depression, chronic depression, defined as a single
episode of major depression that persisted for 2
years or longer. In fact, the mean duration of the
current episode of depression for these study pa-
tients was 8 years. The patients were randomly as-
signed to one of three treatment groups: 1) nefaz-
odone, an antidepressant, 2) the cognitive
behavioral-analysis system of psychotherapy
(CBASP), a form of psychotherapy for patients
with chronic depression based upon principles of
CBT and IPT, or 3) nefazodone and CBASP. This
study sought to determine the relative efficacy of an
approved antidepressant, an effective form of psy-
chotherapy, and the combination in a difficult-to-
treat patient population. In the acute 12-week
treatment phase, the remission rate with nefaz-
odone treatment was 33%, with CBASP was 30%,
and with the combination of nefazodone and

CBASP was 48%. Thus, the combination was su-
perior in efficacy than either treatment alone. Con-
ceptually this finding fits well with the functional
imaging studies of Mayberg et al. (33) that revealed
differences in the neuroanatomical substrates of an-
tidepressants and CBT. Interestingly, when we re-
analyzed the data from this large study of chronic
depression, we made two novel observations. First,
the rate of child abuse and neglect in the patients
with chronic depression was inordinately high, i.e.,
67%. Second, patients with a history of childhood
trauma (sexual, emotional, or physical abuse or ne-
glect) responded better to psychotherapy than to
the antidepressant, which when taken together
with the neurobiological observations noted above
in patients with major depression who have a his-
tory of early life stress, further support this type of
depression as a distinct subtype—with its own
unique genetic risk factors, functional brain imag-
ing and neuroendocrine alterations and treatment
response.

Other advances in treatment for depression have
occurred. These include approval by the FDA of a
new MAOI, selegiline, administered by a transder-

Figure 7. Converging Evidence Implicating the Subgenual Anterior Cingulated
Region (Cg25) in Depression

Top row: Common pattern of glucose metabolic or blood flow decreases measured using PET, after successful treatment with various antidepressant interventions.
Images demonstrate group change patterns after treatment relative to the baseline depressed state for each. Response to A) a SSRI, B) a placebo pill, C) repetitive
transcranial magnetic stimulation (TMS), D) ECT, and E) deep-brain stimulation (DBS). Bottom row: Common involvement of the subgenual cingulate identified in
studies of sad mood induction evoked using both (F) autobiographical memory and (G) tryptophan depletion. (H) demonstrates a structural difference in the sub-
genual cingulate region that distingish healthy subjects homozygous for the serotonin transporter promoter gene (S/S carriers, a known risk factor for depression
compared to L/L carriers. Individual images courtesy of Helen Mayberg (A, B, E, F), Mark George (C), Mitch Nobler (D), Peter Talbot (G) and Daniel Weinberger (H).
Figure modified from Agid et al.
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mal system, i.e., a patch. It clearly has fewer side
effects and there are fewer concerns about dietary
and drug-drug interactions than with the older
MAOIs, such as phenelzine or tranylcypromine.

In addition to the augmentation and combination
studies cited above, there is also evidence for the effi-
cacy of other pharmacological combinations in the
management of treatment-resistant depression. These
include most notably the combination of atypical an-
tipsychotic agents such as risperidone, aripiprazole or
olanzapine with SSRIs (34) and the combination of
SSRIs and mirtazapine, an antidepressant that acts
primarily on 5HT and NE receptors.

Also of note is the demonstration of a rapid and

relatively long-lasting effect of a single dose of ket-
amine, an N-methyl-D-aspartic acid antagonist, in
the treatment of refractory depression (35). Per-
haps, most groundbreaking has been the emergence
of somatic nonpharmacological treatments for the
treatment of depression. Of course, ECT has long
been considered to be the most effective treatment
for depression. In the past decade, the FDA has
approved vagus nerve stimulation, previously ap-
proved for the treatment of pharmaco-resistant ep-
ilepsy, for treatment-resistant depression. There is
now considerable evidence for the efficacy of repet-
itive transcranial magnetic stimulation in the treat-
ment of depression. Based on her brain imaging
studies, Mayberg has pioneered the use of deep

Table 4. Effective Treatments for Depression

I. Antidepressants

Tricyclic and tetracyclic antidepressants

Nortriptyline

Desipramine

Imipramine

Amitriptyline

Trimipramine

Clomipramine

Protriptyline

Maprotiline

Dothiepina

SSRIs

Fluoxetine

Sertraline

Paroxetine

Citalopram

Escitalopram

Fluvoxaminea

Selective NE reuptake inhibitors

Reboxetinea

SNRIs

Venlafaxine

Duloxetine

Milnaciprana

MAOIs

Phenelzine

Tranylcypromine

Isocarboxazid

Transdermal selegiline

Table 4. (Continued)
Other antidepressants (unknown or miscellaneous mechanisms of

action)

Bupropion

Mirtazapine

Trazodone

Nefazodone

Tianeptinea

II. Psychotherapies

CBT

IPT

III. Somatic treatments

ECT

Vagus nerve stimulation (VNS)

IV. Investigational treatmentsa

Repetitive transcranial magnetic stimulation (rTMS)

Deep brain stimulation (DBS)

Magnetic seizure therapy (MST)

CRF1 receptor antagonists

N-Methyl-D-aspartic acid receptor antagonists

NK1 receptor antagonists

Triple (5HT, NE, DA) reuptake inhibitors

Melatonin receptor agonists

�-3 fatty acids

S-Adenosylmethionine

Arginine vasopressin receptor antagonists

Bombesin receptor antagonists

Leptin receptor antagonists

Glucocorticoid receptor antagonists
a Not approved by the FDA for treatment of depression in the United States.
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brain stimulation using an electrode aimed at the
subgenual cingulate cortex (Cg25) and obtained
markedly positive results in four of six patients with
extremely refractory depression (36). Schlaepfer
and colleagues at the University of Bonn, Ger-
many, have obtained promising results with deep
brain stimulation in the nucleus accumbens (37), a
major DA terminal area, involved in reward and
pleasure, in patients with refractory depression.

The next decade should result in a series of unmet
needs for diagnosis and treatment of depression fi-
nally being realized—most importantly, biological
tests to predict the best treatment, pharmacologi-
cal, psychotherapeutic or nonpharmacologic so-
matic treatment, or combination therapy for indi-
vidual patients. This treatment will probably
comprise a combination of genomic testing and
functional brain imaging. This advance based upon
elucidation of validated endophenotypes of depres-
sion will also accelerate novel treatment develop-
ment. Taken together, such advances should re-
duce the terrible burden of depressive illness.
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